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Abstract

Individuals differ in their ability to initiate self- and emotional-control mechanisms. These differences have been
explicitly described in Kuhl’s action-control theory. Although interindividual differences in action control make a major
contribution to our everyday life, their neural foundation remains unknown. Here, we measured action control in a
sample of 264 healthy adults and related interindividual differences in action control to variations in brain structure and
resting-state connectivity. Our results demonstrate a significant negative correlation between decision-related action
orientation (AOD) and amygdala volume. Further, we showed that the functional resting-state connectivity between
the amygdala and the dorsal anterior cingulate cortex was significantly associated with AOD. Specifically, stronger
functional connectivity was associated with higher AOD scores. These findings are the first to show that interindividual
differences in action control, namely AOD, are based on the anatomical architecture and functional network of the

amygdala.
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No matter whether it is in sports or academics, we need
to overcome hurdles to reach our goals. In this context,
we often ask ourselves why some people get along
more successfully than others and where the differ-
ences are between those who stumble and those who
do not. Self- and emotional-control mechanisms have
been related to personal and professional success
repeatedly (Tangney, Baumeister, & Boone, 2004). For-
mer research has shown that individuals differ in their
ability to efficiently use psychological control processes
such as executing an intention, defending it from com-
peting alternatives, and inhibiting negative thoughts or
unwanted negative feelings (Kuhl & Beckmann, 1994).
The interindividual differences regarding the various
mechanisms that are needed to obtain a predefined
goal have been explicitly described in Kuhl’s (1992)
action-control theory. This theory classifies individuals
as either action or state oriented, depending on their
ability to use one of these mechanisms. Action orienta-
tion is associated with the efficient use of self- and
emotional-control processes and goal-directed behav-
ior, whereas state orientation is related to the difficulty

of recruiting sufficient self- and emotional-control pro-
cesses, which hinders goal-directed behavior (Kuhl,
1992). This results in interindividual differences in how
consequences and uncertainties are processed (Koole,
Kuhl, Jostmann, & Vohs, 2005). On average, action-
oriented individuals are less influenced by the possible
consequences of an event (Koole et al., 2005). Remark-
ably, Quirin, Kuhl, and Dising (2011) demonstrated
that these differences also show in the physiological
response to a social stressor. Their results indicate that
individuals who are more action oriented appear to be
more resistant to cues that induce negative affect or
stress.

The propensity to be action or state oriented at a
given moment is thought to depend on situations in
which action control is needed (Kuhl, 1994). This leads

Corresponding Author:

Caroline Schliiter, Ruhr-Universitit Bochum, Abteilung
Biopsychologie, Institut fiir Kognitive Neurowissenschaft, Fakultit fir
Psychologie, Universititsstrafle 150, 44801 Bochum, Germany

E-mail: caroline.schlueter@rub.de


http://www.psychologicalscience.org/ps
mailto:caroline.schlueter@rub.de
https://sagepub.com/journals-permissions
http://crossmark.crossref.org/dialog/?doi=10.1177%2F0956797618779380&domain=pdf&date_stamp=2018-08-17

Schliiter et al.

to three scales of action control, namely (a) Action
Orientation Subsequent to Failure Versus Preoccupation
(the AOF scale), (b) Prospective and Decision-Related
Action Orientation Versus Hesitation (the AOD scale),
and (¢) Action Orientation During (Successful) Perfor-
mance of Activities Versus Volatility (the AOP scale).
AOF describes the way an individual copes with draw-
backs and failures. Whereas action-oriented persons
manage to leave the adverse incident behind to start
something new (Kuhl & Beckmann, 1994), state-
oriented persons tend to remain in the undesirable
emotional state and ruminate about the aversive
event. AOD describes an individual’s ability to initiate
actions. State-oriented persons commonly struggle to
begin an intentional action. This is consistent with
the postponement of decisions and with procrastina-
tion (Blunt & Pychyl, 1998). AOP relates to maintain-
ing an action-oriented mind-set for as long as it is
necessary to complete a task successfully. Whereas
action-oriented individuals can firmly focus on the
task without being distracted by alternative actions,
state-oriented persons are prone to switch between
different activities without any good reason (Kuhl &
Beckmann, 1994).

Up to this point, there have been various studies on
the effects of interindividual differences in action con-
trol. This research has shown that, among other things,
interindividual differences in action control moderate
the interaction between executive functioning and self-
controlled behavior (Wolff et al., 2016). Additionally,
previous research has shown that differences in action
control are associated with physical and mental health
(Baumann, Kaschel, & Kuhl, 2005) as well as academic
(Schliter et al., 2017) and occupational (Diefendorff,
2004) performance.

By definition, being action oriented appears to be
beneficial in various situations, whereas being state
oriented seems to go along with some challenges. How-
ever, there is also research indicating that a state-
oriented personality might be useful from time to time
(Koole et al., 2005; Schluter et al., 2017). This is espe-
cially the case in situations that make it necessary to
temporarily suppress one’s needs to improve perfor-
mance (Baumann et al., 2005) or in situations in which
“ruminating about the possibility of failure may result
in more cautious and deliberative goal-directed behav-
ior” (Diefendorff, 2004, p. 379).

Although interindividual differences in action control
make a significant contribution to our everyday life and
have a major social impact, their neural basis is mostly
unknown. The only evidence so far comes from elec-
troencephalographic (EEG) studies. For instance, Pinnow,
Laskowski, Wascher, and Schulz (2015) showed that
action-oriented individuals show signatures of a more

efficient inhibition of irrelevant information at the pre-
frontal level. Further, an EEG study on the role of action
orientation under social stress discovered that the rela-
tive asymmetry of alpha waves toward the left frontal
cortex was related to preoccupation with a stressful
task (Dising, Tops, Radtke, Kuhl, & Quirin, 2016).
These studies support the assumption that individual
variances in action control are related to interindi-
vidual differences in frontal activity. However, because
the spatial resolution of EEG is quite limited (Jackson
& Bolger, 2014), specific cortical areas are hardly
detected and cannot be associated with action orienta-
tion. Furthermore, EEG signals reflect the synaptic
activity of cortical neurons (Jackson & Bolger, 2014),
whereas the functional activity of subcortical brain
regions is barely reflected. Therefore, these studies
provide only partial information on the entire net-
works that constitute interindividual differences in
action control.

Neuroimaging techniques allow us to specifically
connect interindividual differences in brain structure
with those of cognitive abilities or personality (Kanai
& Rees, 2011). Especially the recent shift toward a more
network-driven perspective enables a novel view on
the neural mechanisms that generate cognition and
behavior. As part of this endeavor, analyses of func-
tional MRI (fMRI) resting-state connectivity can be
exploited to gain insight into the strengths of functional
connectivities underlying interindividual differences
(Fox & Raichle, 2007). For instance, studies indicated
that interindividual differences in resting-state func-
tional connectivity are correlated with cognitive abilities
(Deary, Penke, & Johnson, 2010) and differences in
personality (Allen & DeYoung, 2017).

None of these methods have been used to investigate
the structural and functional architecture of action con-
trol. Therefore, in this study, we used a multimodal
approach to examine whether interindividual differ-
ences in the structure and functional resting-state con-
nectivity of specific brain regions can predict the
interindividual variability of action control in humans.

Method

Sample-size estimation

Because this is the first study investigating the structural
and functional architecture of action control, a literature-
based a priori sample-size estimation could not be per-
formed. Thus, a post hoc test was performed using
G*Power software (Faul, Erdfelder, Buchner, & Lang,
2009) to compute achieved power. The analysis was
based on a bivariate normal model with a small to
medium effect size () of .20! (a. = .05, two-tailed) in a



Brain Signature of Action Control

Table 1. Sample Items From Each of the Action Control Scales (Adapted from Kuhl, 1994)

Scale Sample question
AOF When I am told that my work has been completely unsatisfactory:
A) I do not let it bother me for too long.
B) I feel paralyzed.
AOD When I do not have anything in particular to do, and T am getting bored:
A) T have trouble getting up enough energy to do anything at all.
B) I quickly find something to do.
AOP When I am watching a really good movie:

A) I get so involved in the film that I do not think of doing anything else.
B) I often want to get something else to do while T am watching the movie.

Note: The three scales assessed (a) Action Orientation Subsequent to Failure Versus Preoccupation (the AOF
scale), (b) Prospective and Decision-Related Action Orientation Versus Hesitation (the AOD scale), and
(©) Action Orientation During (Successful) Performance of Activities Versus Volatility (the AOP scale).

Action-oriented answers are highlighted in bold.

sample of 264 participants. The analysis computed an
achieved power of .91.

Participants

A total of 266 participants between 18 and 35 years old
(mean age = 23.85 years; 137 males) took part in the
study. The sample was composed mainly of university
students with different majors, who received either a
financial reward or course credit for their participation.
All participants had normal or corrected-to-normal
vision and hearing and no history of psychiatric or
neurological disorders, and all met the standard inclu-
sion criteria for MRI examinations. Information on the
state of health was part of the demographic question-
naire and was therefore self-reported by the subjects.
Data from 2 participants had to be excluded because
of imaging artifacts from excessive head motion. Thus,
the results are based on data from 264 participants. The
study protocol was approved by the local ethics com-
mittee of the Ruhr University Bochum Faculty of Psy-
chology (Vote 165). All participants gave written
informed consent and were treated in accordance with
the Declaration of Helsinki.

Acquisition and analysis of
bebavioral data

Action control. The Action Control Scale by Kuhl (1990;
German version: HAKEMP 90) was used to capture inter-
individual differences in action control. This measure
consists of a questionnaire that records the participants’
degree of action control under three different circum-
stances: (a) AOF, (b) AOD, and (¢) AOP. Each of the sub-
scales has 12 items.

For each item, a situation is briefly described, and the
participant has to choose one of two possible behaviors.
Each response is coded as either action or state oriented

(Table 1). The individual’s degree of action control is
calculated by summing the action-oriented answers of
each scale, which leads to a total value between 0 and
12. High values in action control indicate action orienta-
tion and therefore advanced emotional- and self-control
mechanisms.

Neuroticism. To measure neuroticism as a potential con-
found, we used the German version of the Revised NEO
Personality Inventory (Ostendorf & Angleitner, 2004). Indi-
vidual neuroticism values were computed as a sum of the
48 items that constitute the Neuroticism scale. The individ-
ual score for each item depends on the answer given by
the participant (-2 = strong disagreement, —1 = disagree-
ment, 0 = neutral, 1 = agreement, 2 = strong agreement).

Acquisition of imaging data

All imaging data were acquired at the Bergmannsheil
Hospital in Bochum, Germany, using a 3T Philips Achieva
scanner (Best, The Netherlands) with a 32-channel head
coil.

Amnatomical imaging. For the segmentation of brain
scans into gray- and white-matter sections, as well as for
the identification of anatomical landmarks for the connec-
tivity analyses, a T1-weighted high-resolution anatomi-
cal image was acquired—magnetization-prepared rapid-
acquisition gradient echo, repetition time (TR) = 8,179
ms, echo time (TE) = 3.7 ms, flip angle = 8°, 220 slices,
matrix size = 240 x 240, resolution = 1 mm x 1 mm x 1 mm).
The acquisition time of the anatomical image was 6 min.

Resting-state imaging. For the analysis of functional
connectivity, fMRI resting-state images were acquired using
echo-planar imaging (EPI; TR = 2,000 ms, TE = 30 ms, flip
angle = 90°, 37 slices, matrix size = 80 x 80, resolution =
3 mm x 3 mm x 3 mm). Participants were instructed to lie
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still with their eyes closed during the resting-state sequence.
The acquisition time of the resting-state images was 7 min.

Amnalysis of imaging data

Analysis of anatomical data. We used published sur-
face-based methods in FreeSurfer (Version 5.3.0; Fischl,
2012) to reconstruct the cortical surfaces of the T1-weighted
images. The details of this procedure have been described
elsewhere (Fischl, Sereno, & Dale, 1999). The automatic
reconstruction steps included skull stripping, gray- and
white-matter segmentation, as well as reconstruction and
inflation of the cortical surface. These processing steps
were performed for each participant individually. After
preprocessing, each segmentation was quality controlled
slice by slice, and inaccuracies were corrected manually,
if necessary. After segmentation into gray and white mat-
ter, the brain was further segmented into 42 specific brain
regions per hemisphere (Fig. 1a). These regions were
extracted by an automatic segmentation procedure in
FreeSurfer. Thirty-four of the 42 regions were extracted
as cortical gray-matter regions following a gyral/sulcal-
based parcellation procedure on the reconstructed corti-
cal surface (Desikan et al., 2000). The remaining 8 regions
were extracted as subcortical regions (Fischl et al., 2002).
Also, the cortical white matter was segmented into 34
distinct regions per hemisphere. Each white-matter voxel
was labeled according to the nearest cortical gray-matter
voxel within a distance limit of 5 mm. This resulted in 34

34 Cortical Areas per Hemisphere

i
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8 Subcortical Areas per Hemisphere

Brain Segmentation (Desikan-Killiany)

white-matter regions corresponding to the 34 gyral-
labeled gray-matter regions (Klein et al., 2014). Subse-
quently, the gray-matter volume (GMV) and white-matter
volume (WMYV) of each cortical region, and the GMV of
each subcortical region, were assessed. Moreover, 6
regions representing the four ventricles of the brain were
extracted to serve as a reference for later blood-oxygen-
level-dependent signal analyses.

Finally, we examined structure—function relation-
ships on the level of single brain regions and correlated
action control (AOF, AOD, AOP) with the volume of
each of the gray- and white-matter regions. To do so,
we averaged the properties of each brain region across
both hemispheres, which resulted in 42 regions for
GMV and 34 regions for WMV (no subcortical regions
were available). In the last step, all 42 subcortical and
cortical regions from each hemisphere, as well as ven-
tricular regions, were linearly transformed into the
native space of the resting-state images using “mri_
label2vol” in FreeSurfer, so we could continue the
analysis in FSL (www.fmrib.ox.ac.uk/fsD). Data from
each participant were visually inspected to confirm that
the transformation procedure was successful.

Analysis of resting-state data. Resting-state data were
preprocessed using MELODIC, which is also a part of the
FSL toolbox. Images were preprocessed in three steps.
We discarded the first two EPI volumes from each resting-
state scan to allow for signal equilibration, applied motion
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Fig. 1. Methodological sequence for the parcellation of the brain and the analysis of amygdala resting-state connectivity. First (a),
T1l-weighted images were segmented into 34 cortical and 8 subcortical brain regions per hemisphere according to the Desikan-Killiany
atlas. For each of these brain regions, gray-matter and white-matter volume were computed. Second, brain regions were linearly trans-
formed into the native space of the resting-state images. Third (b), the functional connectivity between the amygdala and every other
brain region of interest (ROI) was investigated. Thus, we obtained the correlation between the subcortical and cortical regions of both
hemispheres and the left or right amygdala, respectively. All correlation coefficients were transformed using Fisher’s r-to-z’ transforma-
tion. These z-transformed connectivity values were averaged to determine the mean correlation of the amygdala and each cortical and

subcortical region. BOLD = blood oxygen level dependent.
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and slice-timing correction, and filtered high-pass tempo-
ral frequencies (0.005 Hz cutoff). Spatial smoothing was
not applied to avoid introducing spurious correlations in
neighboring voxels. For each of the subcortical and corti-
cal regions acquired from the automatic segmentation
described above, we calculated a mean resting-state time
course by averaging the preprocessed time courses of
corresponding voxels.

Functional amygdala connectivity. The structural
analysis of the imaging data yielded a significant associa-
tion between amygdala volume and action orientation.
Because the amygdala is functionally connected to vari-
ous cortical and subcortical brain regions (Roy et al.,
2009), the influence of interindividual differences in the
amygdala’s functional connectivity on interindividual dif-
ferences in action orientation was analyzed (Fig. 1b). For
this purpose, we used the amygdala as a seed and com-
puted partial correlations between the average time
courses of the left and right amygdala and all remaining
41 cortical and subcortical regions while controlling for
several nuisance variables. We regressed out the trajecto-
ries of all six motion parameters as well as the mean time
courses averaged across all voxels representing white
matter or cerebrospinal fluid, which were also obtained
from the automatic FreeSurfer segmentation mentioned
above. Thus, we obtained the correlation between the
subcortical and cortical regions of both hemispheres and
the left or right amygdala, respectively. All correlation
coefficients were transformed using Fisher’s 7-to-z' trans-
formation. These z-transformed connectivity values were
averaged to get the mean correlation of the amygdala
and each cortical and subcortical region. Finally, we
tested whether the interindividual differences in the func-
tional network connectivity between the amygdala and
other brain regions was correlated with interindividual
differences in action or state orientation. For this pur-
pose, the individual’s z’-transformed connectivity values
between the amygdala and each of the brain regions
were correlated with the individual’s action-orientation
score (AOF, AOD, AOP).

Statistical analysis

Statistical analyses were performed using MATLAB (Ver-
sion 7.14.0.739; The MathWorks, Natick, MA) and SPSS
(Version 20; SPSS, Chicago, IL). For all analyses, linear
parametric methods were used. Testing was two-tailed,
with an alpha level of .05.

Analysis of sex differences. We analyzed our behav-
ioral data with respect to potential sex differences. To this
end, we compared males and females regarding action
orientation (AOF, AOD, AOP) by using two-sample £ tests.

Correlation analysis. Because we found significant
sex differences regarding action and state orientation
(see Fig. S1 in the Supplemental Material available online)
and because previous research indicates a consistent link
between age and brain volume as well as between sex
and brain volume (Pakkenberg & Gundersen, 1997), we
used age and sex (male = 0, female = 1) as nuisance vari-
ables for our correlation analyses. Therefore partial cor-
relation coefficients were computed between action
orientation and the structure or the functional connectiv-
ity of single brain regions. These analyses were con-
trolled for multiple comparisons by correcting the alpha
level using a Bonferroni factor of 42 (a0 = .05/42 = .001).

Results

Our analyses yielded significant sex differences regard-
ing action control. AOF scores showed that females
(M =5.37, 5D =3.05) tended to be significantly less action
oriented than males (M = 6.91, SD = 2.97), 1(262) = 4.19,
p < .001, when it comes to handling drawbacks and
failures (Fig. S1a). This means that men are more capa-
ble of leaving negative emotions behind to start some-
thing new (Kuhl & Beckmann, 1994), whereas women
tend to remain in the undesirable emotional state and
ruminate about the aversive event. On the contrary,
AOD scores revealed that males (M = 5.58, SD = 3.08)
turned out to be significantly less action oriented when
it comes to initiating actions than females were (M =
7.35, SD = 2.92), #(262) = —4.80, p < .001 (Fig. S1b).
Thus, men, who in this case tend to be more state ori-
ented, struggle to begin an intentional action. There
was no significant sex difference regarding AOP scores,
1(262) = -1.38, p = .168 (Fig. Slc), which means that
males (M = 9.46, SD = 2.12) and females (M = 9.83,
SD = 2.20) are equally able to maintain an action-
oriented mind-set as long as it is necessary to complete
a task successfully without being distracted by alterna-
tive actions (Kuhl & Beckmann, 1994).

Subsequently, we analyzed the neural signatures of
action control. First, we tested whether differences in
structural brain properties can predict interindividual
differences in action control. For all of the 42 brain
regions (Fig. 1), GMV and WMV were extracted and
correlated by controlling for multiple comparisons with
the AOF, AOD, and AOP scales. Interestingly we found
a significant negative association only between deci-
sion-related action orientation (AOD) and GMV of the
amygdala (r=—-.24, p < .001; Table 2, Fig. 2). This result
indicates that individuals who are state oriented when
it comes to initiating actions and therefore tend to hesi-
tate or procrastinate show higher amygdala volume.
Because previous research indicates that both amygdala
volume and action orientation are associated with other
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Table 2. Correlations Between AOD Score and Brain Volume in Each of
the 42 Regions of Interest

Gray-matter White-matter
volume volume
Brain region r p r p
Cuneus cortex .033 592 -.032 .605
Lateral occipital cortex -.043 491 -.079 205
Lingual gyrus -.069 264 -.099 112
Pericalcarine cortex 053 393 .043 489
Banks of the superior temporal sulcus -124 .045 —-.098 112
Entorhinal cortex 101 104 .079 .203
Fusiform gyrus -.084 174 -.085 170
Inferior temporal gyrus -.096 122 -126 .041
Middle temporal gyrus -.138 026 -.105 .089
Parahippocampal gyrus .000 .996 -.091 .140
Superior temporal gyrus -.073 241 -.121 .050
Temporal pole 048 434 .035 576
Transverse temporal cortex -.137 .026 -.063 311
Inferior parietal cortex -.040 515 -.064 .305
Postcentral gyrus —-.089 151 -135 .029
Precuneus cortex -.076 221 -.101 105
Superior parietal cortex -.050 423 -.051 412
Supramarginal gyrus -.018 777 -.055 371
Orbitofrontal cortex
Lateral division —-.080 196 -.104 .093
Medial division —.029 .640 —-.083 181
Paracentral lobule —.099 .109 —.059 343
Inferior frontal gyrus
Pars opercularis -.055 376 -.024 .695
Pars orbitalis -.092 139 -.129 .036
Pars triangularis —-.089 151 -.127 .040
Precentral gyrus -.049 433 -.041 512
Middle frontal gyrus
Caudal division -.030 627 -.090 146
Rostral division -.066 .286 -.005 296
Superior frontal gyrus -.074 232 —-.104 .094
Frontal pole -.052 .398 -.081 191
Cingulate cortex
Caudal anterior division -.086 167 -.050 424
Isthmus division —.049 430 —-.095 126
Posterior division 013 .840 .009 .884
Rostral anterior division -.058 351 -.063 .309
Insula -.093 135 -115 .064
Thalamus -112 .071
Caudate -.068 275
Putamen -.038 .536
Pallidum -.042 497
Hippocampus -.106 .087
Amygdala —.235% .000
Accumbens area -.101 102
Ventral diencephalon -.084 175
Corpus callosum -.008 .893

Note: For each region, the table shows the correlation between gray- and white-matter
volume and score on the Prospective and Decision-Related Action Orientation Versus
Hesitation (AOD) scale of the Action Control Scale (Kuhl, 1994). Correlations were
controlled for sex and age. Bonferroni correction was applied with a factor of 42 to
control for multiple comparisons (p < .05/42 = .001).

< .001.
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Fig. 2. Results of the correlation analysis between amygdala volume
and score on the Prospective and Decision-Related Action Orienta-
tion Versus Hesitation (AOD) scale of the Action Control Scale (Kuhl,
1994). The scatterplot (a; with best-fitting regression line) illustrates
the statistically significant relationship (V = 264, p < .001) between
AOD scores and gray-matter volume of the amygdala. The brain
image (b) shows the location of the amygdala within the cortex.

personality constructs, such as neuroticism (Allen &
DeYoung, 2017; Kuhl & Beckmann, 1994), we repeated
the previous analysis adding neuroticism as a nuisance
variable. However, the pattern of association between
AOD and amygdala volume remained the same (r =
—-.20, p=.00D).

There was no significant correlation between AOD
and WMV of any region (Table 2). Moreover, there
was no significant correlation between GMV of any
brain region and the scales of (a) action orientation
after failure (AOF) or (b) action orientation during

(successful) performance of activities (AOP), nor
between WMV of any region and either of these scales
(see Tables S2 and S3 in the Supplemental Material).

Because the amygdala is structurally and functionally
connected with a large number of subcortical and corti-
cal structures (Roy et al., 2009), we tested whether
differences in the amygdala’s functional resting-state
connectivity were associated with interindividual dif-
ferences in action control. To do so, we used the amyg-
dala as a seed region and analyzed the resting-state
connectivity between the amygdala and the remaining
41 cortical and subcortical brain regions. These values
for resting-state connectivity were in turn correlated by
controlling for multiple comparisons with the AOF,
AOD, and AOP scores of each individual. This analysis
indicated that interindividual differences in AOD were
predicted by interindividual differences in resting-state
connectivity between the amygdala and the dorsal ante-
rior cingulate cortex (dACC; FreeSurfer nomenclature:
caudal anterior division of the cingulate cortex; Desikan
et al., 2006; r» = .20, p = .001; see Table 3 and Fig. 3).
This structure—function relationship showed a signifi-
cant positive association, indicating that high functional
resting-state connectivity between the amygdala and
the dACC was related to higher action orientation in
decision-related contexts. As stated earlier, this connec-
tion could also be the result of other psychological
factors (Allen & DeYoung, 2017). Thus, we also con-
trolled this analysis for neuroticism. Nonetheless, the
correlation pattern between AOD and the functional
connectivity between the amygdala and the dACC
remained the same (7= .20, p = .001). In addition, there
was no significant correlation between any of the other
action-control scales and the resting-state connectivity
seeded from the amygdala (see Tables S3 and S4 in the
Supplemental Material).

Discussion

The current study is the first to investigate the neural
basis of interindividual differences in action control,
which is the ability to orchestrate self- and emotion-
control mechanisms. For this purpose, we examined
the volume of single brain regions and utilized a
resting-state fMRI protocol to analyze the resting-state
functional connectivity within these brain regions. Our
results showed that individuals with lower amygdala
volume tend to be more action oriented in decision-
related contexts than individuals with higher amygdala
volume. Thus, people with higher amygdala volume
appear to be more state oriented and therefore tend to
hesitate to initiate an intention and tend to delay the
beginning of tasks without any good reason (Blunt &
Pychyl, 1998).
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Table 3. Correlations Between AOD Score and Functional
Amygdala Connectivity With Each of the 42 Regions of
Interest

Brain region r p
Cuneus cortex .034 .580
Lateral occipital cortex -.026 673
Lingual gyrus .095 124
Pericalcarine cortex .045 472
Banks of the superior temporal sulcus -.013 836
Entorhinal cortex .035 570
Fusiform gyrus .017 785
Inferior temporal gyrus 074 233
Middle temporal gyrus -.006 920
Parahippocampal gyrus .005 941
Superior temporal gyrus —-.057 354
Temporal pole 011 .860
Transverse temporal cortex .042 .500
Inferior parietal cortex 073 242
Postcentral gyrus .006 926
Precuneus cortex 132 .033
Superior parietal cortex 075 225
Supramarginal gyrus .035 567
Orbitofrontal cortex

Lateral division .008 .892

Medial division .007 914
Paracentral lobule -.010 .873
Inferior frontal gyrus

Pars opercularis .019 761

Pars orbitalis .018 771

Pars triangularis 013 .831
Precentral gyrus 044 476
Middle frontal gyrus

Caudal division 076 222

Rostral division 127 .040
Superior frontal gyrus .069 267
Frontal pole .096 120
Cingulate cortex

Caudal anterior division .200% .001

Isthmus division .036 .562

Posterior division 138 .026

Rostral anterior division .057 355
Insula .058 .348
Thalamus .032 .608
Caudate 123 .046
Putamen .074 231
Pallidum 062 317
Hippocampus —-.099 111
Accumbens area .070 259
Ventral diencephalon .084 173

Note: For each brain region, the table shows the correlation between
functional resting-state amygdala connectivity with that region and
score on the Prospective and Decision-Related Action Orientation
Versus Hesitation (AOD) scale of the Action Control Scale (Kuhl,
1994). The correlation was controlled for sex and age. Bonferroni
correction was applied with a factor of 42 to control for multiple
comparisons (p < .05/42 = .001).

< .001.
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Fig. 3. Results of the correlation analysis between functional MRI
(fMRI) amygdala connectivity and score on the Prospective and
Decision-Related Action Orientation Versus Hesitation (AOD) scale
of the Action Control Scale (Kuhl, 1994). The scatterplot (a; with
best-fitting regression line) illustrates the statistically significant rela-
tionship (V= 264, p = .001) between AOD scores and resting-state
connectivity between the amygdala and the dorsal anterior cingu-
late cortex (dACC). The brain image (b) shows the location of the
amygdala and dACC.

The amygdala is known to be a neuroanatomical hub
for fear-motivated behavior (Davis & Whalen, 2001). Dur-
ing fear conditioning, the synaptic plasticity of the amyg-
dala transforms sensory and somatosensory information
of thalamic and cortical regions into a distinct fear mem-
ory (Davis & Whalen, 2001). This memory becomes
especially important in decision-making situations, when
the affective significance of a given behavior, stimulus,
threat, or reward needs to be evaluated (Davis & Whalen,
2001). Numerous studies have investigated the role of
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the amygdala in risk evaluation and decision making
(Bechara, Damasio, Damasio, & Lee, 1999; Hsu, Bhatt,
Adolphs, Tranel, & Camerer, 2005). For instance, Bechara
et al. (1999) showed that patients with selective amyg-
dala lesions make disadvantageous decisions and appear
not to draw any consequences from them to improve
subsequent decision-making processes. Thus, the amyg-
dala guides the selection of actions by selecting desirable
behaviors (Davis & Whalen, 2001) and inhibiting actions
that lead to potentially unfavorable outcomes (De
Martino, Camerer, & Adolphs, 2010), on the basis of
previous experiences.

Regarding action control, this could mean that indi-
viduals with a larger amygdala volume have learned
from past mistakes and evaluate future actions and their
possible consequences more extensively. This, in turn,
might lead to greater concern and hesitation, as
observed in individuals with low AOD scores (Blunt &
Pychyl, 1998).

Interestingly, it seems as if the amygdala is especially
important when the results of a particular behavior are
uncertain (De Martino et al., 2010; Hsu et al., 2005;
Whalen, 2007). This might explain why state-oriented
individuals are especially vulnerable to the effects of
uncontrollable outcomes and failures (Koole et al.,
2005), whereas action-oriented individuals seem less
affected by possible negative consequences (Quirin
et al., 2011). This can also be seen in everyday situa-
tions. For instance, state-oriented (low AOD) individu-
als perform equally well as action-oriented (high AOD)
individuals in sports as long as there is no direct threat
or pressure on them. However, under pressure (e.g.,
when attempting to set a record), their performance
drops significantly (Heckhausen & Strang, 1988). The
reason for this might be that state-oriented individuals
emphasize possible adverse consequences so exces-
sively (e.g., not achieving a record) that action initiation
is inhibited.

Regarding functional resting-state connectivity, we
showed that interindividual differences in the functional
connectivity of the amygdala and the dACC are associ-
ated with differences in decision-related action control
(AOD). Specifically, higher connectivity between the
amygdala and the dACC was associated with more
action-oriented behavior, such as initiative taking.

Previous studies indicate that the dACC has recipro-
cal structural and functional connections with the
amygdala (Feng, Feng, Chen, & Lei, 2014). The synergy
between the dACC and the amygdala is assumed to play
a significant role in purposive behavior (Feng et al.,
2014) and self-control mechanisms. For instance, stud-
ies dealing with the neural basis of self-control failure
support a model of top-down regulation of the amygdala
by frontal and anterior cingulate structures (Ochsner,

Bunge, Gross, & Gabrieli, 2002). In this context, the ante-
rior cingulate cortex is usually associated with different
self-regulatory processes (Heatherton, 2011), such as
the detection of conflicts in information processing
(Botvinick, Nystrom, Fissell, Carter, & Cohen, 1999),
action-outcome evaluation, and reward-related selec-
tion of an action (Shenhav, Botvinick, & Cohen, 2013),
as well as strategic adjustment of behavior and emotion
(Botvinick, Cohen, & Carter, 2004). For instance,
Hermann, Bieber, Keck, Vaitl, and Stark (2014) showed
that the dACC is associated with expressive suppres-
sion, a major emotion regulation strategy. For this, the
anterior cingulate cortex receives information from cor-
tical and subcortical brain regions, such as the amyg-
dala (Shenhav et al., 2013), and in turn regulates them
by top-down projections (Ochsner et al., 2002). Unlike
the findings mentioned above, our results indicate that
interindividual differences in the often-reported func-
tional connectivity between the amygdala and the dACC
are associated with interindividual differences in the
shaping of decision-related action orientation (AOD).

Thus, a permanent imbalance between both brain
regions, in favor of the amygdala, correlates with a
persistent inability to efficiently use psychological con-
trol processes, as it is seen in state orientation (low
AOD). Our results go along with this assumption, as
they showed that larger amygdala volume and less func-
tional resting-state connectivity of the amygdala and
dACC are associated with state orientation. One pos-
sible mechanism could be that the higher amygdala
volume leads to behavior that is more strongly moti-
vated by fear. This, in turn, might lead to an increased
worry about negative consequences, which again pro-
vokes hesitancy and postponement. Furthermore, the
low functional coupling between the amygdala and the
dACC might result in insufficient top-down regulation
of negative emotions, which could result in an inade-
quate selection and implementation of actions in state-
oriented individuals (low AOD).

The results of our study are based on correlations
between variables representing structural and func-
tional brain features and the participants’ action control
and therefore do not directly support causal inferences.
Nevertheless, our results are consistent with the litera-
ture on the function of the amygdala and the dACC
(Davis & Whalen, 2001; Feng et al., 2014). We found
that a substantial amount of variance in AOD was
explained by amygdala volume and network connectiv-
ity. However, there might be other factors that could
contribute to the remaining variance in AOD. Even
though the concurrent determination of both our neural
and behavioral variables by a third factor cannot be
entirely excluded, we demonstrated the specificity of
our effects by comparison to neighboring brain areas,
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as well as considering various confounding variables
(age, sex, and neuroticism) that might mediate or gen-
erate such a relationship.

In conclusion, our results are the first to show that
variations in the anatomical architecture and network
function of the amygdala are related to interindividual
differences in action orientation in decision-related con-
texts. Because AOD is central to various aspects of life,
the insight into its neurobiological basis is of high rel-
evance. Thus, future studies should examine the
hypotheses derived from this study and investigate
whether the proposed neurobiological mechanisms are
fixed or whether brain stimulation or specific training
can lead to changes at both the behavioral and the
neurobiological levels. Such findings would not only
provide a causal explanation for the structure—function
relationships we uncovered here but also offer a pos-
sibility to shift individuals with low AOD toward more
desirable self-regulating behavior.
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