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Abstract: The ability to detect and learn contingencies between fearful stimuli and their predictive
cues is an important capacity to cope with the environment. Contingency awareness refers to the abil-
ity to verbalize the relationships between conditioned and unconditioned stimuli. Although there is a
heated debate about the influence of contingency awareness on conditioned fear responses, neural cor-
relates behind the formation process of contingency awareness have gained only little attention in
human fear conditioning. Recent animal studies indicate that the ventral striatum (VS) could be
involved in this process, but in human studies the VS is mostly associated with positive emotions. To
examine this question, we reanalyzed four recently published classical fear conditioning studies (n ¼
117) with respect to the VS at three distinct levels of contingency awareness: subjects, who did not
learn the contingencies (unaware), subjects, who learned the contingencies during the experiment
(learned aware) and subjects, who were informed about the contingencies in advance (instructed
aware). The results showed significantly increased activations in the left and right VS in learned aware
compared to unaware subjects. Interestingly, this activation pattern was only found in learned but not
in instructed aware subjects. We assume that the VS is not involved when contingency awareness does
not develop during conditioning or when contingency awareness is unambiguously induced already
prior to conditioning. VS involvement seems to be important for the transition from a contingency
unaware to a contingency aware state. Implications for fear conditioning models as well as for the con-
tingency awareness debate are discussed. Hum Brain Mapp 30:3636–3644, 2009. VC 2009 Wiley-Liss, Inc.
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INTRODUCTION

In a differential classical fear conditioning paradigm, a
neutral stimulus (the conditioned stimulus; CSþ) is repeat-
edly paired with an aversive stimulus (the unconditioned
stimulus, UCS) such as an electric shock, while another
stimulus (CS�) is never paired with the UCS. After only
some trials the CSþ compared to the CS� elicits condi-
tioned responses (CRs) such as increased skin conductance
responses, increased heart rate, increased startle ampli-
tudes, and also increased activity in the fear-network
including the amygdala [e.g. Büchel and Dolan, 2000;
Knight et al., 2004; Olsson and Phelps, 2007].
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There is an agreement that the amygdala plays a crucial
role in fear conditioning [Büchel et al., 1998; LeDoux, 2000;
Öhman, 2005; Olsson and Phelps, 2007]. However, the de-
velopment of contingency awareness does most likely not
depend on amygdala activity. For instance, patients with
amygdala lesions were able to report CS-UCS relationships
(i.e., contingency aware) but failed to show conditioned
fear responses [LaBar et al., 1995].

In the last decade, there has been a heated debate about
the influence of contingency awareness on CRs. Contin-
gency awareness can be defined as the explicit knowledge
of the CS/UCS associations. In differential fear condition-
ing this means the knowledge that the CSþ is followed by
an aversive event (UCS) whereas the CS� is not. To
achieve this, subjects have to learn to differentiate between
the CSþ and the CS�. Some authors report contingency
awareness as essential for eliciting CRs [e.g. Dawson et al.,
2007; Lovibond and Shanks, 2002; Pleyers et al., 2007],
others found that CRs can also be measured in contin-
gency unaware subjects [e.g. De Houwer et al., 2005;
Öhman et al., 2007].

Regarding the neural substrates underlying contingency
awareness, previous studies have identified several brain
structures: for instance, Carter et al. [2006] reported a cor-
relation of middle frontal gyrus (MFG) activation with
contingency awareness on a trial-by-trial measurement.
Another study by Carter et al. [2003] showed the middle
prefrontal cortex (MPFC) to be involved in working mem-
ory processes, which are important for contingency aware-
ness. In a current study with a sophisticated and new
approach to identify brain structures important for contin-
gency learning, Knight et al. [2009] reported increased hip-
pocampal activity during aware trials. However, Knight
et al. [2009] did not observe increased MFG activity in
aware trials. The involvement of the hippocampus in contin-
gency awareness was further supported by a lesion study
[Bechara et al., 1995; for a review see Clark et al., 2002].

Some studies, however, point to a crucial role of the
ventral striatum (VS) for the development of contingency
awareness. For example, Jensen et al. [2003, 2007] and
Menon et al. [2007] reported enhanced VS activity to a
stimulus predicting an aversive event in contingency
aware subjects. In their highly influential article, Phelps
et al. [2004] also found enhanced striatal activity during
fear conditioning, but did not explicitly relate it to contin-
gency awareness. Further support for an involvement of
the VS in the development of contingency awareness in
humans comes from animal fear conditioning studies:
Young et al. [1993] detected an increase of dopamine the
Nucleus Accumbens (NAcc) during CS presentation,
which could be linked to the CS-UCS contingency. Fenu et
al. [2001] observed a failure of fear acquisition, when D1
receptors in the NAcc were blocked. Further, Schwien-
bacher et al. [2004] reported a similar result during tempo-
rary NAcc inactivation. Remarkably, this result seems to
be independent of CS and UCS input modalities (e.g. taste
aversion learning or tone-footshock learning). Summariz-

ing these results, Pezze and Feldon [2004] suggest that
‘‘dopamine transmission in the NAcc, acting via D1 recep-
tors, is essential for the association between a CS and a
UCS’’ (p. 312). In sum, these studies strongly suggest that
the VS is involved in contingency learning during fear
conditioning. However, classical human fear conditioning
studies have not yet investigated this issue in detail.

Therefore, the main focus of this study was to elucidate
the role of the VS in the development of contingency
awareness. To investigate this, we reanalyzed recent classi-
cal fear conditioning studies conducted in our laboratory.

This reanalysis includes subjects, who learned the con-
tingencies during conditioning referred to as ‘‘learned
aware subjects,’’ subjects, who did not learn the contingen-
cies at all referred to as ‘‘unaware subjects’’ [Klucken et
al., 2009; Stark et al., 2006; Tabbert et al., 2005, 2006], and
subjects, who were instructed about the contingencies
prior to conditioning [Tabbert et al., 2006] referred to as
‘‘instructed aware subjects.’’

Derived from the literature cited earlier, we assume that
the VS is involved in the development of contingency aware-
ness. However, it remains unclear whether the differential VS
activity still occurs once contingency awareness has been
established. Thus, we expected differential VS activity to CSþ
and CS� in learned aware subjects, with higher responses to
the CSþ. In unaware subjects, we did not expect significant
differences in VS activity. Analysis of conditioning related VS
activity in instructed aware subjects was explorative.

METHODS AND OVERVIEW

The present reanalysis includes data from four fear con-
ditioning experiments in our laboratory [Klucken et al.,
2009; Stark et al., 2006; Tabbert et al., 2005, 2006, see Table
I]. This section gives a short overview of the studies used
in the current reanalysis to point out similarities and dif-
ferences between the experiments. Detailed methodologi-
cal parameters can be found in the original articles.

Sample Characteristics

One hundred seventeen (63 female) subjects were
included in the present reanalysis. The mean age of all
subjects in the different studies was comparable: 25.33
years [Tabbert et al., 2005], 24.2 years [Stark et al., 2006],
23.36 [Tabbert et al., 2006], and 23.26 years [Klucken et al.,
2009]. All subjects had normal or corrected-to-normal
vision. Most of the participants were university students,
who had been recruited via announcements at bulletin
boards at the campus. None of them was taking regular
medication and nobody had a history of psychiatric or
neurological treatment. They signed an informed consent
that they could terminate the experiment at any time.
Every subject participated only in one of the studies. All
studies were approved by the ethics committee of the
German Psychological Society.
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Conditioned Stimuli

All studies used two simple geometric figures (a rhomb
and a square) serving as CSþ and CS�. Both visual stim-
uli were grey in color and had identical luminance. For
visual stimulation inside the scanner, an LCD-projector
(Model EPSON EMP-7250) was used, which projected pic-
tures onto a screen at the end of the scanner (visual field
¼ 18�). Pictures were viewed by means of a mirror
mounted to the head coil.

Each of the studies used a differential fear conditioning
paradigm, in which the UCS always appeared with the
CSþ (100% reinforcement) and the CS� was never paired
with the UCS. In every study, the CS was presented for 8
s. For each participant, a pseudo randomized stimulus
order was used with the restrictions that (1) no more than
two successive presentations of the same CS occurred and
that (2) the CSþ and CS� were equally distributed within
each half of the acquisition period. The rhomb and the
square were counterbalanced as CSþ between participants.

Differences Between the Studies

Instructed contingency awareness versus

learned contingency awareness

Three of the four studies [Klucken et al., 2009; Stark
et al., 2006; Tabbert et al., 2005] used a classical fear condi-
tioning paradigm, in which subjects were not informed
about the conditioning paradigm (and of course not about
the contingencies). After each of the experiments subjects
filled out a short forced-choice paper-pencil recognition
test for contingency awareness. Dawson and Reardon
[1973] showed that this kind of recognition test is one of
the most valid and sensitive instruments to verify contin-
gency awareness [see also: Dawson et al., 2007; Lovibond
and Shanks, 2002]. Subjects had to choose one of the
following statements: ‘‘Before the aversive pictures there
was’’: (a) ‘‘ : : : always a picture of a rhomb’’; (b)
‘‘ : : : sometimes a picture of a rhomb’’; (c) ‘‘ : : :never a pic-
ture of a rhomb’’; (d) ‘‘I do not know.’’ The same statement
was used for the second stimulus (only the word ‘‘rhomb’’
was replaced by the word ‘‘square’’). For classification as
aware, subjects had to state the correct answer (answer
‘‘c’’) for the CS- and answers ‘‘a’’ or ‘‘b’’ for the CSþ. If
subjects stated answer ‘‘d’’ for both CS-types, they were
classified as unaware.

In the remaining forth study by Tabbert et al. [2006]
contingency awareness was manipulated by a written and
oral instruction, which explained the CS-UCS contingen-
cies to half of the subjects before the acquisition phase.
The other group was not informed about the contingen-
cies. To avoid deviations from this manipulation all sub-
jects had to engage in a distractor task (2-back-task)
during the conditioning procedure. The manipulation of
contingency awareness was controlled by the recognition
questionnaire described above. Hence, the aware group in
Tabbert et al. [2006] did not have to learn contingencies,
which constitutes a major difference to the aware partici-
pants in the other three studies. The contingency aware
group in Tabbert et al. [2006] will be referred to as the
instructed aware group. Aware subjects from the other
three studies had to learn the contingencies between CS
and UCS during the experiment and will be addressed as
the learned aware group. The remaining subjects, who did
not learn the contingencies, will be labeled as unaware
subjects (see Table I).

Tabbert et al. [2006] used a recognition questionnaire
similar to the ones in the other studies. The participants
had to choose one of the following completions for the
statement: ‘‘The electrical stimulation was presented after’’:
(a) ‘‘all presentations,’’ (b) ‘‘some presentations,’’ (c) ‘‘no
presentation,’’ (d) ‘‘I can’t remember.’’ Next to each an-
swer, the respective CS was pictured. Manipulation of
awareness of stimulus contingencies was regarded as
being successful if participants in the aware group cor-
rectly identified the contingencies for CSþ and CS� and if
participants in the unaware group did not recognize the
correct relationship for CSþ and CS�. Two unaware par-
ticipants stated other combinations (e.g. one of them stated
answer ‘‘b’’ for the CSþ and the non-C). Nonetheless, they
remained in the original analyses and in the current analy-
ses, as their awareness was at the most partial [cf. Tabbert
et al., 2006]. In the study by Klucken et al. [2009], none of
the subjects recognized the CSþ/UCS contingency but not
the CS-/non-UCS contingency (i.e. ‘‘CSþ aware’’ but not
‘‘CS-unaware’’) or vice versa.

Influence of hormones

The main purpose of the study by Stark et al. (2006) was
the investigation of the influence of the stress hormone
cortisol on fear conditioning. Thirty milligram of hydrocor-
tisone was administered to half of the participants, while

TABLE I. Overview of the four included fear conditioning studies forming the basis of this reanalysis

Study Subjects CS duration UCS Trials per CS

Classical fear conditioning Tabbert et al. [2005] 6 unaware; 12 learned aware 8 s Electric stimulation 30
Stark et al. [2006] 14 unaware; 20 learned aware 8 s Electric stimulation 30

Klucken et al. [2009] 18 unaware; 14 learned aware 8 s Aversive pictures 20
Instructed fear conditioning Tabbert et al. [2006] 17 unaware; 16 instructed aware 8 s Electric stimulation 30

r Klucken et al. r

r 3638 r



the other half received visually identical placebos. Because
this manipulation did not have an effect on VS activity,
both groups were converged into one.

Unconditioned Stimuli

Three of the four studies used a mild electrical shock as
UCS. Stimulus intensity was set individually for each par-
ticipant to an ‘‘unpleasant but not painful’’ level using a
gradually increasing rating procedure. A custom-made
impulse-generator (833 Hz) provided transcutaneous elec-
trical stimulation to the left shin through two silver/silver-
chlorid electrodes. Each UCS was applied for 100 ms
during the conditioning procedures.

The remaining study [Klucken et al., 2009] used highly
aversive pictures as UCS (e.g. mutilations). In this experi-
ment, the UCS presentation time was 4 s.

Statistical Analyses

For all statistical analyses the following parameters were
used: Blood Oxygen Level Dependent signal change
(BOLD-response) was analyzed using Statistical Parametric
Mapping (SPM2, Wellcome Departement of Cognitive
Neurology, London, UK) implemented in MatLab 6.5
(Mathworks, Sherbourn, MA). All preprocessing (realign-
ment, slice time correction, normalization, and smoothing)
analyses were conducted in a comparable manner as speci-
fied in the original articles. All experimental conditionings
were modeled by a stick function convolved with the ca-
nonical hemodynamic response function (hrf) in the gen-
eral linear model, as implemented in SPM2. In the first
level analysis, the following contrasts were computed for
the entire acquisition phase: CSþ > CS� and CS� > CSþ.
As described in the original articles, the data reported in
Tabbert et al. [2006] were based on the first block of the
acquisition phase and in Tabbert et al. [2005] on the sec-
ond block. The current reanalyses were conducted with
the full acquisition phase for all studies to ensure compa-
rability. Region of interest (ROI) were performed using the
small volume correction in SPM2 (a < 0.05, FWE-cor-
rected). A minimum cluster size of five voxel was
required.

To investigate the differences between learned aware
and unaware subjects, the contrast CSþ > CS� was ana-
lyzed across the relevant three studies [Klucken et al.,
2009; Stark et al., 2006; Tabbert et al., 2005] via analysis of
variance with six groups (three learned aware vs. three
unaware groups) implemented in SPM2. To further disen-
tangle potential effects, one sample t-tests for the contrast
CSþ > CS� were computed for each of the six groups
separately. To investigate differential responses to CSþ
and CS� in instructed aware subjects, one sample t-tests
were performed. Finally, to investigate potential differen-
ces between learned aware and instructed aware subjects
as well as between instructed aware and unaware subjects,

two-sample t-tests between the respective groups were
conducted. For all analyses, the opposite contrast CS� >
CSþ was also investigated.

ROI analyses were performed for the following struc-
tures: medial frontal gyrus (MFG), medial prefrontal cortex
(MPFC), hippocampus, and ventral striatum. Masks for
the MFG, the hippocampus were taken from the current
‘‘Harvard-Oxford cortical and subcortical structural
atlases’’ provided by the Harvard Center for Morphomet-
ric Analysis (http://www.cma.mgh. harvard.edu/) with
the probability threshold at 0.5. VS and MPFC masks were
taken from the Human Brain Project Repository database
(THOR Center for Neuroinformatics; http://hendrix.ei.d-
tu.dk/; labeled as ventral striatum region and prefrontal
medial and superior region) with the threshold at 0.5. The
original data for the masks described above was based on
the BrainMap database [Fox and Lancaster, 1994; Nielsen
and Hansen, 2002].

RESULTS

We found increased activity in the MFG, the hippocam-
pus, and the MPFC for the contrast CSþ > CS� in the
learned aware group. In the instructed aware group we
only found increased activity in the MPFC (see Table II).
No significant activations were found in the unaware
group in any of the ROIs. In addition, no significant
enhanced activation could be observed in the opposite
contrast CS� > CSþ in any group.

Significantly increased MFG and MPFC activity was
found in learned aware as compared to unaware subjects.
Further, enhanced MPFC activity was found in instructed
aware as compared to learned aware (see Table II) as well
as compared to unaware subjects. However, no significant
differences could be obtained in learned aware compared
to instructed aware subjects.

Effects of Contingency Awareness

in the Ventral Striatum

Analysis of variance revealed significantly higher
responses in the contrast CSþ > CS� in the left (t ¼ 3.07;
P < 0.05) and the right (t ¼ 3.80; P < 0.001) VS in learned
aware subjects compared to unaware subjects. Addition-
ally, significantly enhanced differentiation of CSþ and
CS� in the same direction was observed in learned aware
versus instructed aware subjects (see Table III and Figs. 1
and 2).

In addition, one sample t-tests showed significant VS
activation in all learned aware groups for the contrast CSþ
> CS� [except for the right VS in Tabbert et al., 2005],
indicating that the observed main effect was not caused by
a single learned aware group (see Table IV).

No increased VS activation could be obtained for the
contrast CSþ > CS� in the instructed aware group as well
as in the unaware groups (all P > 0.1). In addition, no
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significant VS activation could be observed for the oppo-
site contrast CS� > CSþ in any of the groups.

DISCUSSION

In the current reanalysis, data of four classical fear con-
ditioning experiments were analyzed with an emphasis on
the role of VS activity for the development of contingency
awareness. Subjects were classified into three distinct
categories: participants who did not learn the CS-UCS con-
tingencies (unaware), participants who learned the contin-
gencies during the experiment (learned aware), and
participants who were informed about the contingencies
prior to the experiment (instructed aware).

Despite our focus on the VS, several other ROIs were
also included in our analyses. These analyses revealed
higher activity towards the CSþ in comparison to the CS�
in the MPFC in the instructed as well as the learned
aware, but not in the unaware groups. Further, group
comparisons yielded significant differences for the contrast
CSþ > CS� with higher MPFC contrast values in the
instructed aware compared to the learned aware group.
Considering these results and the findings of other studies,
we assume that the MPFC is involved in the maintenance
or recall of CS-UCS contingencies [e.g. Quirk and Mueller,
2008; Sotres-Bayon et al., 2006] and/or more generally in
the coding of emotional salience [e.g. Phan et al., 2003].
The hippocampus and the MFG showed higher responses
to the CSþ compared to the CS� in the learned aware

groups but not in the instructed aware and the unaware
groups. However, group comparisons did not reveal sig-
nificant differences. These results are in line with previous
studies [Bechara et al., 1995; Carter et al., 2006; Clark et al.,
2002; Knight et al., 2009]. Yet, the present findings cannot
unequivocally clarify the exact role of these structures in
contingency awareness because group comparisons
between learned aware and instructed aware subjects were
not significant.

Regarding VS activity, we found strong bilateral activa-
tion in the contrast CSþ > CS� exclusively in the learned
aware groups but not in the unaware groups and the
instructed aware group. The specific role of the VS for the
learned aware groups is further underlined by the fact
that the contrast values of the contrast CSþ > CS� were
significantly higher in the learned aware groups in com-
parison to the unaware groups as well as to the instructed
aware group. Considering the present results, we specu-
late that the differential VS activity between CSþ and CS�
is not involved when contingency awareness does not de-
velop during conditioning or when contingency awareness
is unambiguously present already prior to conditioning
(e.g. in case of instructed awareness). In fact, VS involve-
ment seems to be crucial for the transition from a contin-
gency unaware to a contingency aware state. Consistent
with this assumption, Jensen et al. [2007] also reported
enhanced VS activation to a stimulus predicting an aver-
sive event. Importantly, this activity was only found in
participants, who learned the contingencies during the
experiment. However, they did not include unaware

TABLE II. Significant activations to the contrast CS1 > CS2

Group Brain structures Side x y z Tmax P

Learned aware MFG Right 45 3 57 4.73 0.002
Left �42 6 48 5.10 0.001

Hippocampus Right 24 �36 3 3.86 0.013
MPFC Right 9 18 36 6.59 0.000

Instructed aware MPFC 0 42 15 4.78 0.049
Unaware No significant activations n.s. n.s
Instructed aware > learned aware MPFC Right 3 48 39 4.13 .019

All coordinates are given in MNI space. n.s.: no significant activations.

TABLE III. Main effect of awareness with increased VS activation for the learned aware compared to the unaware

group and the instructed aware group in the contrast CS1 > CS2

Main effect Post-hoc test Side x y z Tmax P

Awareness Learned aware > unaware Right 18 3 �3 3.80 0.006
Left �21 9 �3 3.07 0.038

Learned aware > instructed aware Right 15 12 �9 3.10 0.022
Left �12 18 �3 2.74 0.072

Unaware > learned aware Right n.s.
Left n.s.
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Figure 1.

Neural activation (in T-values) of the learned aware > unaware

group for the left and the right VS in the contrast CSþ > CS�.

Statistical parametric maps are overlaid on a T1 template

(depicted from the SPM2 package). Because of illustration rea-

sons the blue crosses were set at the peak voxel of the left VS

(coordinates: �21, 9, �3) and of the right VS (coordinates: 18,

3, �3). [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com.]

Figure 2.

Mean (SE) of the contrast estimates in the ventral striatum (CSþ > CS�) for the peak voxels

from the group comparisons (see Table III) of learned aware versus instructed aware and learned

aware versus unaware. [Color figure can be viewed in the online issue, which is available at

www.interscience.wiley.com.]
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participants in their data analyses, because the main pur-
pose of their study was to investigate neural correlates of
the prediction error rather than the mechanisms underly-
ing the development of contingency awareness. Cooper
and Knutson [2007] showed that the VS (or more specifi-
cally the NAcc) is not significantly activated in situations
with predetermined aversive outcomes, but only in situa-
tions where participants did not have full certainty. In a
very recent study, Schiller et al. [2008] found increased
striatal activity when contingency awareness developed.
These findings support our assumption that the VS is
involved in the transition from being contingency unaware
to contingency aware. In addition, they also found
increased activity in the striatum when contingencies were
suddenly changed and the new contingencies had to be
learned.

Contingency awareness implies that participants
respond differently towards the CSþ than the CS�. This
indicates that the VS is involved in the differentiation pro-
cess between fear-cues (CSþ) and non-fear-cues (CS�). It
is crucial to differ between fear and non-fear cues in order
to react effectively towards aversive events. The difference
between the activation towards the CSþ and the CS� is
therefore due to the fact that an aversive event which fol-
lows the CSþ is more salient. Current fear conditioning
theories emphasize this ‘‘functional role’’ of the CSþ (and
in line with this, the awareness of the CSþ/UCS contin-
gency) to interact fast, effectively and adequately with the
UCS [Domjan, 2005]. Cooper and Knutson [2007] showed
that the NAcc is more activated to salient cues compared
to less salient cues. Animal studies also provide evidence
for this striatal role [for a review see: Pezze and Feldon,
2004]. Iordanova et al. [2006] also found that the ability to
distinguish between reliable and unreliable fear cues (con-
ditioned stimuli) was impaired, when D1 and D2 receptors
in the NAcc were blocked. Although fMRI data cannot
distinguish activity based on specific neurotransmitter
release, dopamine transmission in the NAcc could be a
mechanism involved in the development of contingency
awareness in human classical aversive conditioning.

The current findings could be implemented in current
two-level account conditioning models [e.g. Hamm and

Weike, 2005; Lovibond and Shanks, 2002]. According to
these models, the pairing of CS and UCS ultimately leads
to certain (automatic and unconscious) CRs (first process)
and contingency awareness (second process), which are
generated by widely independent processes. Our data sug-
gest that the VS is involved in the second learning process.

Some limitations and open questions should be men-
tioned. First, due to the limited resolution of fMRI, our
data do not unequivocally answer the question if the VS
or adjacent structures contribute to contingency learning
in fear conditioning. For instance, based on their animal
studies Martinez et al. [2008] proposed that the NAcc
should be subdivided in two different regions, each
involved in fear conditioning but with distinct roles. Sec-
ond, current studies showed a differential influence of
contingency awareness on trace compared to delay condi-
tioning [Knight et al., 2006; Weike et al., 2007]. This study
however examined delay conditioning only. In addition,
Knight et al. [2009] used a sophisticated subliminal proce-
dure to avoid contingency learning. This procedure is very
different to our conscious presentation of the CS. Finally,
our data appear somewhat in contrast to Jensen et al.
[2003] and Menon et al. [2007], who partly informed their
participants about the contingencies and found increased
VS activity during anticipation of aversive stimuli. This
seems at first glance contrary to the result of our
instructed aware group (no differential VS activity towards
the CSþ compared to the CS�). Jensen et al. and Menon et
al. only informed the participants about the presence of
CS-UCS contingencies (subjects were told that one CS
would sometimes be followed by an aversive shock), but
they were neither informed about which CS was going to
be the danger signal nor about the exact reinforcement
schedule (33% reinforcement). Thus, it might be conceiva-
ble that the experimental protocol of Jensen et al. led to
contingency learning similar to our learned aware groups.
In contrast, the instructed aware group in Tabbert et al.
(2006) did not have to learn anything about the contingen-
cies. In sum, our findings call for additional studies with
trace conditioning and an investigation of the role of the
VS in subliminal conditioning. Also, the activation time
course of the VS activity could be analyzed in more detail.

TABLE IV. Ventral striatal activations in the learned und instructed aware groups for the contrast CS1 > CS2,

separately for each study

Study Side x y z Tmax P

Classical fear conditioning Tabbert et al. [2005] Right n.s.
Left �9 18 �9 4.92 0.019

Stark et al. [2006] Right 12 6 �15 5.76 0.001
Left �21 3 �3 4.69 0.005

Klucken et al. [2009] Right 18 6 �15 6.53 0.001
Left �18 6 �12 5.90 0.004

Instructed fear conditioning Tabbert et al. [2006] Right n.s.
Left n.s.
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To investigate this issue, it might be useful to correlate
VS activity with trial-by-trial measurements of UCS
expectancy.

The ventral striatum has been ascribed various different
functions such as reward prediction [e.g. Knutson et al.,
2001], and more generally the processing of positive emo-
tions [e.g. reviews: Burgdorf and Panksepp, 2006; Whittle
et al., 2006]. Research in the field of addiction suggests
that the nucleus accumbens might increase incentive sali-
ence attribution to conditioned cues that predict reward
[Pecina, 2008]. Yet, there are several studies confirming the
involvement of the VS in prediction errors for aversive
outcomes also [McNally and Westbrook, 2006; Niv and
Schoenbaum, 2008; Seymour et al., 2004]. The current find-
ings add a further facet to the function of this very inter-
esting structure by showing that the VS evidently plays a
major role in the development of contingency awareness
in classical fear conditioning experiments.
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Öhman A (2005): The role of the amygdala in human fear: auto-

matic detection of threat. Psychoneuroendocrinoly 30:953–958.

r Fear Conditioning and the Ventral Striatum r

r 3643 r
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