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Abstract: Imaging techniques have been used to elucidate the neural correlates that underlie deception.
The scientifically best understood paradigm for the detection of deception, however, the guilty knowl-
edge test (GKT), was rarely used in imaging studies. By transferring a GKT-paradigm to a functional
magnetic resonance imaging (fMRI) study, while additionally quantifying reaction times and skin con-
ductance responses (SCRs), this study aimed at identifying the neural correlates of the behavioral and
electrodermal response pattern typically found in GKT examinations. Prior to MR scanning, subjects
viewed two specific items (probes) and were instructed to hide their knowledge of these. Two other
specific items were designated as targets and required a different behavioral response during the
experiment and eight items served as irrelevant stimuli. Reaction times and SCR amplitudes differed
significantly between all three item types. The neuroimaging data revealed that right inferior frontal
and mid-cingulate regions were more active for probe and target trials compared to irrelevants. More-
over, the differential activation in the right inferior frontal region was modulated by stimulus conflicts.
These results were interpreted as an increased top-down influence on the stimulus-response-mapping
for concealed and task-relevant items. Additionally, the influence of working memory and retrieval
processes on this activation pattern is discussed. Using parametric analyses, reaction times and SCR
amplitudes were found to be linearly related to activity in the cerebellum, the right inferior frontal cor-
tex, and the supplementary motor area. This result provides a first link between behavioral measures,
sympathetic arousal, and neural activation patterns during a GKT examination. Hum Brain Mapp
28:1287–1301, 2007. VVC 2007 Wiley-Liss, Inc.
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INTRODUCTION

Most researchers examining the potential of several tech-
niques for the detection of deception are convinced that
until now no specific lie response has been found and that
it may indeed never be found [Lykken, 1998, p. 63 ff.]. It
seems very unlikely that any verbal, behavioral, or psycho-
physiological cue will serve as a specific and unique indi-
cator of deceptive behavior. As a consequence, several
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questioning techniques have been developed that allow a
within subject comparison of the responses to different
questions or test items [National Research Council, 2003].
One such technique is the differentiation of deception

paradigm [e.g. Furedy et al., 1988, 1994] in which two con-
ditions are realized within subjects, which should only dif-
fer with respect to deception and honesty. By quantita-
tively comparing the behavioral or psychophysiological
responses to honest and deceptive trials, one could exam-
ine psychological and physiological mechanisms underly-
ing this specific differentiation [e.g. Gödert et al., 2001].
Although the differentiation of deception paradigm is

embedded in basic research, the guilty knowledge test
(GKT, also referred to as Concealed Information Test, CIT)
is a questioning technique that is also employed in the
applied field, i.e. in forensic settings. The GKT consists of
several multiple-choice questions, each having one relevant
item (i.e. a feature of the crime under investigation, also
referred to as probe item), and several irrelevant alterna-
tives (e.g. ‘‘What kind of jewelry was stolen last night? Was
it (a) a ring, (b) a bracelet, (c) a wristwatch, (d) a necklace,
(e) an earring?’’). Typically, the suspect is instructed to
deny each item. By comparing the psychophysiological
responses to the two item types, it is attempted to detect if
the suspect distinguishes between these categories. Given
that the response pattern is similar for several multiple-
choice questions covering other aspects of the crime under
investigation (e.g. stronger responses to the probes as com-
pared to the irrelevant items), concealed crime-related
knowledge is assumed [Lykken, 1959, 1974]. A person
unaware of the crime-related details is supposed to show a
nonsystematic response pattern, as all items are homoge-
nous for him. It has to be emphasized that the GKT does
not detect deception per se [Furedy, 1986]; therefore, it is
not very important for the suspect to deny every item. Hit
rates well above the chance level are similarly obtained,
when the suspect remains silent [Ben-Shakhar and Elaad,
2003]. In this aspect, the GKT is rather a test for recognition
memory and it is actually used for this purpose as well
[e.g. Verfaellie et al., 1991].
Traditionally, measures of the autonomic nervous sys-

tem have been used to examine physiological effects of
deception or concealed knowledge. In the GKT, the typical
response pattern of a participant recognizing the relevant
items consists of a larger skin conductance response (SCR),
a greater respiratory suppression, and a more pronounced
heart rate deceleration following probe items in compari-
son to irrelevant alternatives [e.g. Gamer et al., 2006]. This
response profile was thought to rely primarily on the ori-
enting response (OR), which comprises a complex of be-
havioral and physiological reactions evoked by novel,
unexpected, or significant stimuli [Sokolov, 1963].
Since approximately two decades, researches have tried

to track the processing of deception more directly, by
measuring variables of the central nervous system. Primar-
ily event-related brain potentials have been used for this
purpose. Probe items in a GKT-like paradigm have been

repeatedly shown to elicit larger P300-responses compared
to irrelevant alternatives [see Rosenfeld, 2002, for a
review]. In most of these experiments, a third item type,
named target items, was added to the examination proto-
col [i.e. Allen et al., 1992; Farwell and Donchin, 1991; Ro-
senfeld et al., 1988, 2004]. Typically, the participant is
instructed to press a specific button in response to the tar-
get items and another button following all other items (i.e.
probes and irrelevants). This modification of the original
two item GKT-protocol aimed at maintaining the subject’s
attention during the testing procedure [Rosenfeld et al.,
1988] or at providing a standard for the classification of
the responses to probe items. In studies conducted by Far-
well and colleagues, probe and target items elicited a com-
parable response when the participant was concealing
knowledge. Conversely, the responses to probes looked
more like those to irrelevant items when he was not aware
of the relevant details [Farwell and Donchin, 1991; Farwell
and Smith, 2001]. In most of these studies, probes were
shown to be consistently accompanied by larger response
times compared to irrelevant items [Allen et al., 1992;
Gamer et al., 2005; Rosenlfeld et al., 2004]. This behavioral
correlate of deceptive responding was interpreted as a
result of a response conflict. On a higher level, this conflict
was thought to be represented by the decision between lie
and truth; in the mentioned experiments, however, this
conflict is more related to the specific experimental mani-
pulation. If the participant knows the relevant details that
are questioned in the GKT-examination, the infrequent
presentation of the probe items will capture his attention
as do target items. Thus, both these item types are associ-
ated with reaction time costs. This interpretation reveals
the close connection to the OR theory described above [see
Gronau et al., 2005].
Recently, several functional imaging studies have in-

vestigated the neural mechanisms related to deceptive
responding. Unfortunately the results of these studies dif-
fer largely, which is probably due to differences between
the experimental paradigms used. Those included varia-
tions of the differentiation of deception approach using
questions on daily activities [Spence et al., 2001], autobio-
graphical or nonautobiographical knowledge [Nuñez et al.,
2005], and on experienced vs. unexperienced instructed
events [Abe et al., 2006]. In these studies, commonly stron-
ger activated regions when comparing deceptively to hon-
estly answering comprised the ventrolateral prefrontal cor-
tex (VLPFC) with a slight dominance of the right side,
medial prefrontal regions, the anterior cingulate cortex
(ACC), and premotor areas.
Other imaging studies used a combination of the differ-

entiation of deception approach and the GKT paradigm
[Kozel et al., 2004a, b; Langleben et al., 2002, 2005; Phan
et al., 2005]. Participants acquired knowledge of a specific
detail during the experiment that they were instructed to
conceal. Additionally, they were told to answer a question
on another detail truthfully. For example, participants in
the study by Langleben et al. [2005] were presented two
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playing cards (5 of clubs and 7 of spades) and they were
told to deny knowledge of one card while acknowledging
possession of the other one. During functional magnetic
resonance imaging (fMRI), these two cards, designated lie
and truth, were presented along with a recurrent distractor
(2 of hearts) and a variant distractor (pictures of the other
playing cards of the deck). The participants were required
to press a specific button following the truth card and
another button on all other cards. The comparison of lie
and truth answers resembles a differentiation of deception
approach. However, the contrast of lie responses to
responses elicited by the recurrent distractor resembles a
GKT paradigm.1 Unfortunately, most of the studies men-
tioned only focused on the lie versus truth contrast, thus
revealing little insight in the physiological basis of the
GKT. Stronger activations associated with deception as
opposed to truthful responding comprised the ACC and
the inferior and the middle frontal gyrus [Kozel et al.,
2004a, b; Langleben et al., 2002, 2005; Phan et al., 2005].
Results for the contrast of lie responses compared to the
repeated distractor were only available from one study
[Langleben et al., 2005] and revealed stronger activations
for the lie condition in inferior frontal regions with a right-
hemispheric dominance, medial frontal regions, the ACC,
and the right supramarginal gyrus.
Because of the diversity of experimental paradigms and

conditions [see Ganis et al., 2003; Lee et al., 2002, 2005, for
other experimental variations] and because of the fact that
imaging data have been rarely compared with autonomic
measures, little is known on how these two response sys-
tems (central and autonomic nervous system) interact with
respect to the generation of the typical response profile
found in the GKT. This study aimed at providing a first
link between these two research traditions, by applying
the GKT paradigm to an imaging study while additionally
quantifying reaction times and SCRs. This setup should
allow us to identify brain regions that are differentially
activated by the different item types and, in addition, to
find systematic covariations between regional stimulus-
related brain activity and behavioral and skin conductance
data, respectively.

METHOD

Participants

A total of 14 right-handed male subjects with no report of
neurologic or psychiatric disorders gave written informed

consent to participate in the present experiment. The partici-
pants’ mean age was 28.1 years (SD ¼ 4.3 years) with a
range of 23–39 years. Most of them were students.

Instruments

Skin conductance was measured by a constant voltage
system (0.5 V) using a bipolar recording with two Ag/
AgCl electrodes (0.8 cm diameter) filled with 0.05 M NaCl
electrolyte. The electrodes were attached to the skin sur-
face at the medial side of the right foot over the musculus
abductor hallucis adjacent to the plantar surface and mid-
way between the first phalange and a point directly
beneath the ankle [Edelberg, 1967]. Skin conductance was
recorded at 10 Hz by a conventional personal computer
outside the scanning room.
Behavioral data were acquired by a fiberoptic response

keypad system (LumiTouch; Photon Control, Vancouver,
Canada) attached to a personal computer. Reaction time
and accuracy for each stimulus were acquired continu-
ously during scanning and saved for offline analysis.

Design

A standard three item GKT design originating from
research on the P300-amplitude in the detection of con-
cealed information was used in this study. The stimulus
category and the item type were varied in a fully crossed
within-subject design. Playing cards and bank notes were
used as stimulus categories. The item type consisted of
three conditions: (a) Participants acquired knowledge of
two items (probes: jack of spades and a 20 EUR bank note)
and were instructed to hide it throughout the entire
experiment. (b) They were asked to press a deviant key in
response to two target items (king of spades and a 100 EUR
bank note). (c) Several other playing cards (9, 10, queen,
and ace of spades) and bank notes (5, 10, 50, 200 EUR)
were used as irrelevant items. Each stimulus was presented
20 times in an event related design, resulting in a total of
40 probes, 40 targets, and 160 irrelevants.
In sum, the three item types differed with respect to

their storage in episodic memory and their task relevance.
Probes and targets were presented to the participant before
the scanning session, i.e. he was able to recognize them as
part of the experiment. Initially, the irrelevant items were
new to him, at least with respect to the current experi-
ment. Concerning the task relevance, only target items
were associated with a deviant response. The two stimulus
categories should in principle lead to comparable
responses, as a large number of different stimulus catego-
ries were shown to produce stable autonomic response dif-
ferences between probes and irrelevant items in GKT-
examinations [Ben-Shakhar and Elaad, 2003]. With respect
to the current experiment, however, it might be expected
that probe and target stimulus of the playing card set (jack
and king of spades, respectively) would induce a larger
response conflict because of their higher perceptual simi-

1It has to be mentioned that the use of only one specific irrelevant
item is unusual for the GKT. In principle, the quantity of irrele-
vant items is inversely related to the possibility that an unin-
formed participant would show more pronounced physiological
responses to the probe item by chance [MacLaren, 2001]. There-
fore, typically three to five irrelevant items are used for each cate-
gory defined by the corresponding probe item.
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larity as compared to the respective bank notes (20 and
100 EUR notes).

Procedure

Before the imaging session, participants were required
to draw one of three envelopes. The participants were led
to believe that each envelope contained different playing
cards and bank notes. In fact, each contained a jack of
spades and a 20 EUR note (probes). The participants were
instructed to memorize the playing card and the bank
note, to put these items into their pocket and to hide
knowledge of these items throughout the entire experi-
ment.
Afterwards, they were brought into the scanning room.

The electrodes for the skin conductance measurement
were attached and a written instruction explaining the
responses required during the test was handed out to the
participants. The target items (a king of spades or a 100
EUR bank note) were displayed as images on this instruc-
tion sheet and were required to be memorized to accom-
plish the behavioral task during the scanning. The partici-
pants were instructed to press one of two buttons on a
response pad with their right hand as fast and as accurate
as possible whenever a stimulus appeared on the screen.
The left button press that had to be executed using the
index finger would signify recognition of the respective
stimulus, i.e. it had to be pressed whenever a king of
spades or a 100 EUR bank note (targets) appeared on the
screen. The right button press using the middle finger,
however, would signify that the participant had not mem-
orized the stimulus as being part of the experiment before
the scanning session started, i.e. it had to be pressed on all
other items including the probes whose recognition should
be concealed. The experimenter made sure that the partici-
pant completely understood this instruction. Then a 458
angled mirror was attached to the head coil that allowed
the presentation of the stimuli via rear projection on the
window between the scanning and the control room. The
viewing angle for the stimuli approximately subtended 58–
88 in horizontal and vertical direction depending on the
corresponding stimulus.
During image acquisition, a pseudorandom sequence of

photographed playing cards and bank notes with four
irrelevant stimuli on the first positions was presented with
an intertrial interval of 5.2, 8.3, 11.4, 14.5, or 18.6 s and an
additional jittering of 0–1 s relative to scan onset. The
effective interstimulus interval ranged from 5.2 to 19.2 s
(M ¼ 7.7 s, SD ¼ 2.1 s), stimuli were presented for 1 s
each. Playing card and bank note stimuli were intermixed
to prevent rapid habituation of the OR. During the inter-
trial interval, the screen was dark.
After the imaging session, the participants were

requested to recall probe and target items to ensure com-
parability of their data. All participants correctly recalled
all items.

Image Acquisition

All images were acquired using a standard clinical
whole-body MRI scanner (Magnetom Vision, Siemens
Erlangen, Germany) at a magnetic field strength of 1.5
Tesla. With the standard circularly polarized head coil and
a T2*-weighted echo-planar imaging (EPI) pulse sequence
(TR ¼ 3,100 ms, TE ¼ 60 ms, FOV ¼ 192 mm, 64 � 64 ma-
trix, th ¼ 5 mm without gap, voxel size ¼ 3 � 3 � 5 mm3)
suitable blood oxygen level dependent (BOLD) contrast
could be achieved. The protocol included 610 volumes
each of 28 transversal slices, oriented parallel to the ante-
rior-posterior commissural plane, covering the entire brain
for all subjects.
Additional isotropic high resolution (1 � 1 � 1 mm3)

structural images were acquired using a T1-weighted sag-
ittal oriented mprage sequence with 180 slices.

Data Preprocessing and Analysis

Behavioral data

The proportion of correct responses and the mean reac-
tion times were calculated separately for each item type
within the two item categories. For further statistical analy-
ses, an arcsine transformation was applied to the percent
correct data [Cohen, 1988, p. 179 ff.].

Skin conductance responses

In addition to the grand average of skin conductance
changes in relation to the item onset, we measured the ar-
tifact free amplitude of the SCRs that began between 1 and
3 s after stimulus onset as change in mS. In case of over-
lapping responses, we used the inflection point between
the two responses as baseline or response maximum,
respectively, depending on the latency criterion. Overlap-
ping SCRs occurred in only 2.4% (SD ¼ 1.6%) of all trials.
Subsequently the amplitudes were converted to log mS
according to the formula provided by Venables and Chris-
tie [1980]. To test for habituation effects of the SCRs across
the test, we partitioned the 240 trials into 4 temporal
blocks that contained approximately the same number of
probes, targets, and irrelevant items, respectively. Addi-
tionally, we separately calculated the average of the SCR
amplitudes as a function of item category and item type
for further analyses. As errors in behavioral responses
were shown to substantially enhance autonomic respond-
ing [Hajcak et al., 2003], we used only the error free trials
for all SCR analyses. Because only few errors were com-
mitted, between 231 and 240 trials could be included in
the analyses (M ¼ 237; SD ¼ 3).

Imaging data

Data were preprocessed and analyzed using statistical
parametric mapping (SPM2, Wellcome Department of
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Imaging Neuroscience, London, UK). Each participant’s
data were slice time-corrected, motion-corrected, and
then coregistered with his corresponding high resolution
T1 image. The T1 images were spatially normalized to
the standard anatomical space (T1 MNI template) and
transformation parameters were subsequently applied to
all functional images within each participant. The spa-
tially normalized functional images were smoothed with
an 8 � 8 � 12 mm3 full width at half maximum Gaussian
kernel and high pass filtered at 128 s. The correction for
autocorrelation (AR(1) method) between scans was
applied.
To find regions differentially activated by the different

item types, we modeled the three item classes (probes, tar-
gets, and irrelevant items) as separate regressors that were
convolved with the canonical hemodynamic response func-
tion using a general linear model (GLM) on an individual
level. Erroneous trials were modeled separately as covari-
ate of no interest. Simple contrast maps (each item type vs.
baseline condition) were then entered into a random-
effects analysis (one way analysis of variance (ANOVA)
within subjects) to identify regions that showed significant
activation differences between item types (F-contrast). Post
hoc analyses were accomplished by separate comparisons
of the average percentage signal change as a function of
item category and item type in all regions of interest
(ROI), functionally defined by the F-contrast of the afore-
mentioned random effects analysis. These values were
obtained using the SPM-toolbox MarsBaR [Brett et al.,
2002; http://marsbar.sourceforge.net].
Separate analyses were conducted to identify regional

brain activity systematically covariing with item-wise
reaction times and SCRs. Because trialwise reaction times
and SCRs were positively correlated (average of within
subject correlations r ¼ 0.30) separate models were con-
structed for both parametric regressors. Each model con-
tained one regressor specifying the stimulus presentation
(irrespective of the corresponding item category and item
type) for all trials that elicited SCRs and were associated
with a correct behavioral response. Overall, between 82
and 232 trials met this precondition (M ¼ 167; SD ¼ 50).2

Subsequently, a parametric regressor, corresponding to
the within-subject z-standardized values of the reaction
times or the log-transformed SCRs of these trials, was
added to the design matrix. Trials that did not elicit an
SCR and erroneous trials were modeled separately as
covariates of no interest. SPM{t} maps reflecting the cova-
riation between parametric regressors and item-wise he-
modynamic responses were calculated for both models
and subsequently transformed to Fisher Z-values to sat-
isfy the normality assumption for the random effects

analyses [see Anders et al., 2004]. The following formulas
were used:

r ¼ tffiffiffiffiffiffiffiffiffiffiffiffiffiffi
t2 þ df

p

Z ¼ 1

2
ln

1þ r

1� r

� �

with r denominating the correlation between parametric
regressors and fMRI responses and df depicting the
degrees of freedom of the corresponding t-statistic. These
Fisher-transformed correlation maps were then entered
into a random-effects group analysis (one sample t-test)
separately for the reaction time data and the SCRs.
For all random-effects SPM-analyses, P-values were cor-

rected for multiple comparisons using a false discovery
rate of 0.01 [Genovese et al., 2002]. Additionally, activa-
tions were required to reach a spatial extend threshold of
at least 20 contiguous voxels.

RESULTS

Behavioral Data

A 2 � 3 ANOVA on the accuracy of the participants’
responses using the item category (playing cards vs. bank
notes) and the item type (probes, targets, and irrelevant items)
as within-subject factors revealed a significant interaction of
item category and item type, F(2, 26) ¼ 3.65, P < 0.05, Huynh-
Feldt e ¼ 0.94, f ¼ 0.27, as well as a significant main effect of
item type, F(2, 26) ¼ 7.67, P < 0.01, e ¼ 0.88, f ¼ 0.41. As can be
seen from Table I, responses to irrelevant itemswere nearly per-
fect for both item categories. Probes and targets led to the same
proportion of errors for the playing cards, but differed with
respect to the bank notes where only targets were accompanied
by a substantial proportion of errors.
Using a similar 2 � 3 ANOVA on the mean reaction times

of valid responses, a significant interaction of item category
and item type was revealed, F(2, 26) ¼ 12.12, P < 0.001, e ¼
0.92, f ¼ 0.27. Furthermore, the main effects of item category,
F(1, 13) ¼ 9.94, P < 0.01, f ¼ 0.20, and item type, F(2, 26) ¼
25.57, P < 0.001, e ¼ 0.80, f ¼ 0.31, were found to be statisti-
cally significant. The obtained response pattern (Fig. 1A)
closely corresponds to the accuracy data described above.
The reaction times to irrelevant and target items were largely
comparable for both item categories. The probe items, how-

TABLE I. Proportion of correct responses as a function

of item category and item type

Item type

Playing
cards

Bank
notes Total

M (%) SD (%) M (%) SD (%) M (%) SD (%)

Irrelevant 99.3 0.8 99.6 0.6 99.4 0.5
Probe 97.1 6.7 99.6 1.3 98.4 3.3
Target 97.1 3.8 93.6 6.9 95.4 4.4

2Approximately the same proportion of trials with probe (M ¼
73%; SD ¼ 26%), target (M ¼ 79%; SD ¼ 18%), and irrelevant
items (M ¼ 66%; SD ¼ 21%) elicited an SCR and was accompa-
nied by a valid behavioral response.
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ever, were associated with substantial reaction time costs
only within the stimulus category of the playing cards.

Skin Conductance Responses

To check for a differential habituation of the SCR ampli-
tudes associated with the three item types, we computed a
4 � 3 ANOVA on the log-transformed SCR amplitudes using

the temporal block and the item type as within-subject fac-
tors. Only the main effects of time, F(3, 39) ¼ 10.72, P <
0.001, e ¼ 0.36, f ¼ 0.57, and item type, F(2, 26) ¼ 6.85, P <
0.01, e ¼ 0.99, f ¼ 0.16, reached statistical significance. Thus,
although habituation occurred, the response differences
between the three item types remained stable across the
whole test (Fig. 2A). This result enabled us to collapse the
data from the whole test for further analyses.

Figure 1.

Reaction times (panel A) and log-transformed skin conductance response (SCR) amplitudes

(panel B) as a function of item category and item type. Additionally, mean values across item cat-

egories are displayed. Error bars indicate standard errors of the mean.

Figure 2.

Skin conductance changes as a function of item type. Panel (A) shows the temporal course of the

log-transformed skin conductance response (SCR) amplitudes across the experiment. Panel (B)

displays the grand average of the SCRs in microSiemens as a function of item type. The skin con-

ductance changes were computed as differences to the corresponding value at stimulus onset.
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Figure 2B displays the grand average of the SCRs in
relation to the item onset. Obviously, all three item types
elicited SCRs with comparable latency but different ampli-
tudes. Using a 2 � 3 ANOVA on the log-transformed SCR
amplitudes with the item category and the item type serv-
ing as within-subject factors, we obtained a significant
main effect of the item type, F(2, 26) ¼ 8.59, P < 0.01, e ¼
0.94, f ¼ 0.25, and a marginally significant interaction of
item category and item type, F(2, 26) ¼ 3.17, P < 0.1, e ¼
0.84, f ¼ 0.08. As can be seen from Figure 1B, the largest
SCRs were elicited by targets, but also probes were accom-
panied by larger response amplitudes than irrelevant
items. This pattern did not substantially differ between the
item categories, although the response difference between
probes and irrelevants seemed to be slightly larger for the
playing cards.

Imaging Results

Differences between item categories

Regions differentially activated by the three item types
included the right middle cingulate gyrus, the left inferior
parietal lobule, and the insula and inferior frontal regions
of the right hemisphere (see Table II, Fig. 3A). To analyze
the contribution of the different item categories to this
main effect, we calculated separate 2 � 3 ANOVAs on the
percentage signal increase for each functionally defined
ROI. The item category and the item type served as within
subject factors.3 In inferior parietal regions of the left hemi-
sphere, target items elicited a larger percentage signal
increase than probe and irrelevant items irrespective of the
item category (Fig. 4A). This pattern was supported by a

missing interaction of item category and item type as well
as by a missing main effect of item category.
However, the results were slightly different for the other

two ROIs. In middle cingulate, F(2, 26) ¼ 4.75, P < 0.05, e
¼ 0.81, f ¼ 0.18, as well as in inferior frontal regions, F(2,
26) ¼ 9.71, P < 0.001, e ¼ 1.00, f ¼ 0.28, a significant inter-
action of item category and item type was obtained (Fig.
4B,C). In the cingulate gyrus, this effect was due to a
larger percentage signal increase for target items as com-
pared to probes in the stimulus set of the bank notes. For
the playing cards, in contrast, both these item types were
accompanied by similar responses. In the right inferior
frontal region, this interactive effect of item category and
item type was clearly due to a remarkable percentage sig-
nal increase elicited by the probe items in the playing card
stimulus set. For bank notes, on the other hand, probe and
target items were accompanied by comparable responses.
Within the inferior frontal region, the main effect of item
category also reached statistical significance, mainly
because of the response differences of the respective probe
items, F(1, 13) ¼ 7.67, P < 0.05, f ¼ 0.19.

Correlation analysis of imaging data
and reaction times

Among the regions whose activity correlated with the z-
standardized reaction times were mainly middle frontal,
inferior frontal, and inferior parietal regions in both hemi-
spheres. Additionally, the activity of the right angular
gyrus, the right middle and inferior temporal gyrus, the
precuneus, the thalamus, and cerebellar regions was line-
arly related to the reaction times irrespective of the item
type (Table III, Fig. 3B). All trialwise correlations were pos-
itive and comparably small but they occurred robustly
across participants.

Correlation analysis of imaging data and SCRs

Significant covariations of the BOLD signal and trialwise
SCR amplitudes were obtained for inferior occipital

TABLE II. Regional brain activity differing between item types

Regions contained within cluster

Peak voxel (MNI
coordinates)

Cluster size
(voxels) F(2, 26) Corrected Px y z

Left inferior parietal lobule �48 �42 50 109 21.84 0.006
Left precentral gyrus �36 �21 60 21.23 0.006
Left postcentral gyrus �48 �33 60 20.34 0.006
Right middle cingulate gyrus 3 �27 35 30 33.99 0.002
Right inferior frontal gyrus, orbital part 45 24 �10 74 23.64 0.006
Right insula 36 27 �5 19.92 0.006
Right inferior frontal gyrus,
opercular part

45 18 0 19.81 0.006

Regions included in a single cluster are listed together. Regions containing the peak voxel are
printed in italic. The spatial extend of each cluster was >20 voxel and an FDR of 0.01 was used to
correct for multiple comparisons.

3As a matter of course, the main effect of item type was significant
for each ROI because they were functionally defined by this effect.
Therefore, we focused on the interaction of item category and
item type as well as on the main effect of item category in the
ROI-specific analyses.
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regions and the fusiform gyrus, for the supplementary
motor area (SMA) and the right insula. Additionally, re-
gional activity of both cerebellar hemispheres was linearly

related to the amplitude of the SCRs (Table IV, Fig. 3C).
Comparable to the correlations with the reaction time data,
all covariations between regional brain activity and the

Figure 3.
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amplitudes of the SCRs were small and positive, and no
negative correlations were observed.
Besides cerebellar activity, there were only two brain

regions, whose activity was linearly related to the reaction
time data and the amplitude of the SCRs. One of these
region contained parts of the right inferior frontal gyrus
and the right insula, respectively, and the other region
incorporated the SMA. Figure 3D shows the overlap of the
correlation maps of the reaction time and the skin conduct-
ance data. Within the SMA, more caudally located regions
predicted the SCR amplitudes, whereas rostral regions that
extended into the superior frontal gyrus were associated
with trialwise response times.

DISCUSSION

The present study aimed at investigating the neural basis
of differential responding in a three-item GKT and addition-
ally relating these results to behavioral and skin conduct-
ance data. In general, the behavioral data closely corre-
sponded to studies using the P300 as dependent variable or
to those solely relying on behavioral data in a comparable
paradigm [Allen et al., 1992; Farwell and Donchin, 1991;
Gamer et al., 2005; Rosenfeld et al., 2004, 2006; Seymour
et al., 2000]. Overall, targets were associated with a larger

error rate and higher reaction times as compared to irrele-
vant items. Differences between probes and irrelevants, on
the other hand, were primarily determined by the item cate-
gory. Although substantial reaction time costs were
observed for probes within the set of playing cards, no such
effect could be found for the bank notes. These differences
might be interpreted as resulting from a response conflict
between probes and targets with both these trials requiring
a different behavioral response. The larger perceptual simi-
larity of these items in the stimulus set of the playing cards
obviously amplified this response conflict and led to pro-
nounced reaction time costs for trials requesting a conceal-
ment of previously acquired information. With respect to
the stable differences between targets and irrelevant items,
comparable behavioral data were typically obtained in
experiments, where rare stimuli required a different
response than frequent stimuli (response selection).
The design of the current study was also based on a

response selection paradigm. Probes and targets, which
appeared with a lower frequency than irrelevant items,
were known to the participants, but only targets required
a deviant response compared to all other stimuli. It seems
likely that probes triggered involuntary attentional pro-
cesses by popping out of the stimulus stream just as targets
did, but they had to be treated like irrelevant items. Thus,
they required the inhibition of a response only correctly

Figure 3.

Brain areas showing significant effects of group analyses. Regions

are displayed on single subject T1-weighted structural image,

which was spatially normalized to the standard anatomical space

using the MNI template brain. Slice location is given by its re-

spective MNI coordinate and images are shown in neurological

convention (left side of image is left side of brain). Color scales

represents F or t score values, respectively, for corresponding

functional overlays. (A) Main effect of item type in a one way

ANOVA within subjects. (B) Significant correlations between re-

gional brain activity and z-standardized reaction times irrespec-

tive of the corresponding item type. (C) Significant correlations

between regional brain activity and z-standardized skin conduct-

ance response (SCR) amplitudes irrespective of the corresponding

item type. (D) Regional brain activity correlating with z-standar-

dized SCR amplitudes (green) and reaction times (red). Addition-

ally, the overlap of both correlation maps is depicted in yellow.

Figure 4.

Mean percentage signal change in

the left inferior parietal lobule

(panel A), the cingulate gyrus

(panel B) and the right inferior

frontal gyrus (panel C) as a func-

tion of item category and item

type. The regions of interest

were functionally defined by the

main effect of item type. Mean

values across item categories are

displayed on the right side of

each panel. Error bars indicate

standard errors of the mean.
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associated to targets. The cortical resources required to ac-
complish such a discrimination of probes and targets and
to allow for an inhibition of an inadequate response
should in principle vary as a function of stimulus conflict.
Thus, with respect to the current experiment, correct
responses to probes in the item category of the playing
cards should demand larger resources than comparable
responses to bank notes. Targets, on the other hand,
appeared infrequently, too, and required a comparable in-

hibition of the frequent response. Consequently, the reac-
tion times clearly followed this pattern and, moreover, the
activity of a region in the right inferior frontal cortex that
is known to be relevant for the inhibition of inadequate
responses was more active for these rare events (probes
and targets) when contrasted to irrelevant items. In line
with the aforementioned reasoning, especially probes in
the set of the playing cards elicited a substantial percent-
age signal change in the right inferior frontal cortex, thus

TABLE III. Regional brain activity correlating with reaction times

Regions contained within cluster

Peak voxel (MNI
coordinates)

Cluster size
(voxels) t(13) Corrected P rx y z

Left inferior parietal lobule �39 �51 55 162 9.56 0.002 0.084
Left superior parietal lobule �30 �72 55 7.11 0.002 0.084
Left middle frontal gyrus �51 18 40 333 9.43 0.002 0.077
Left inferior frontal gyrus, orbital part �42 18 �5 8.79 0.002 0.080
Left middle frontal gyrus �42 51 10 55 9.07 0.002 0.064
Left superior frontal gyrus �30 45 40 23 8.40 0.002 0.062
Left middle frontal gyrus �33 36 45 5.43 0.006 0.035
Left superior frontal gyrus �24 �9 65 43 7.40 0.002 0.040
Left precentral gyrus �36 �9 65 6.69 0.003 0.065
Left supplementary motor area �3 12 55 157 8.82 0.002 0.086
Left superior frontal gyrus, medial �3 27 40 8.08 0.002 0.066
Right superior frontal gyrus, medial 6 30 40 7.97 0.002 0.073
Right inferior parietal lobule 51 �48 45 165 13.56 0.000 0.061
Right superior parietal lobule 42 �48 60 9.73 0.002 0.070
Right inferior frontal gyrus, orbital part 51 24 �5 275 8.64 0.002 0.093
Right insula 45 18 0 8.37 0.002 0.082
Right inferior frontal gyrus, triangular part 48 33 25 67 7.61 0.002 0.055
Right middle frontal gyrus 39 39 35 6.74 0.003 0.055
Right angular gyrus 36 �69 55 47 7.94 0.002 0.073
Right inferior temporal gyrus 60 �54 �5 38 7.91 0.002 0.058
Right middle temporal gyrus 66 �42 5 4.93 0.009 0.043
Left precuneus �9 �72 45 55 7.01 0.002 0.094
Right precuneus 6 �75 55 5.55 0.005 0.064
Right thalamus 15 �12 5 23 7.50 0.002 0.041
Left cerebellum, crus 1 �39 �54 �30 75 5.88 0.004 0.069
Left cerebellum, crus 2 �36 �60 �40 5.77 0.005 0.050
Right cerebellum, crus 1 39 �54 �40 37 6.67 0.003 0.053

Regions included in a single cluster are listed together. Regions containing the peak voxel are printed in italic. The spatial extend of
each cluster was >20 voxel and an FDR of 0.01 was used to correct for multiple comparisons.

TABLE IV. Regional brain activity correlating with the amplitude of the skin conductance responses

Regions contained within cluster

Peak voxel (MNI
coordinates)

Cluster size
(voxels) t(13) Corrected P rx y z

Left inferior occipital gyrus �51 �66 �10 40 9.62 0.005 0.063
Left fusiform gyrus �39 �75 �15 6.76 0.007 0.067
Left supplementary motor area �3 15 45 33 7.93 0.006 0.058
Right supplementary motor area 6 6 55 7.84 0.006 0.058
Right insula 48 18 �5 35 9.25 0.005 0.083
Right temporal pole 57 9 �5 6.44 0.007 0.062
Left cerebellum, crus 1 �45 �66 �30 68 8.63 0.005 0.076
Right cerebellum, crus 1 42 �54 �30 29 8.12 0.006 0.069

Regions included in a single cluster are listed together. Regions containing the peak voxel are printed in italic. The spatial extend of
each cluster was >20 voxel and an FDR of 0.01 was used to correct for multiple comparisons.
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corroborating its potential involvement in response moni-
toring and inhibition in the present GKT examination. A
large body of studies utilizing different paradigms that
required infrequent responses or an infrequent response
alternation found a comparable activation of the right infe-
rior frontal cortex for rare and deviant responses [e.g.
Braver et al., 2001; Konishi et al., 1998, 1999; Liddle et al.,
2001].
Inferior frontal regions, especially those of the right

hemisphere, possibly play an important role for the top-
down influence on the stimulus-response-mapping [see
Aron et al., 2004, for a review]. In line with this reasoning,
several studies related to deception also reported an
increased activation in the VLPFC or the inferior frontal
gyrus on trials that were answered deceptively in contrast
to honest responding [Abe et al., 2006; Kozel et al., 2004a,
b; Langleben et al., 2005; Phan et al., 2005; Spence, 2001].
Most importantly, Langleben et al. [2005] found a very
similar pattern of activation in the lateral prefrontal cortex
of both hemispheres for the contrast of deceptively
answered trials compared to a repeated distractor.
Although this differential activation in lateral prefrontal
regions could be interpreted as a result of a response con-
flict, it should be noted that similar regions have been
found to be activated during episodic memory retrieval
and working memory tasks. Especially the maintenance of
information in working memory and the selection of
responses including the potential inhibition of inappropri-
ate responses have been supposed to be related to the
VLPFC activation [D’Esposito et al., 2000]. For episodic
memory retrieval, right-lateralized prefrontal activation
was found in a large body of studies, leading to the hemi-
spheric encoding/retrieval asymmetry hypothesis [Habib
et al., 2003; Tulving et al., 1994]. The involvement of mem-
ory-related processes in the detection of deception or con-
cealed information has been largely disregarded in previ-
ous imaging studies, although its close investigation may
provide a more direct support for the original hypothesis
of Lykken [1959] that the GKT is a test of recognition
instead of a test of deception. In the current study, previ-
ously learned material (probes and targets) were accompa-
nied by larger increases of activity in the right inferior
frontal cortex as compared to novel and irrelevant infor-
mation. Unfortunately, the processes related to episodic
memory retrieval and interferences during response selec-
tion could not be differentiated in the current study,
because the task required all subjects to select or inhibit
responses to previously acquired information. Both proc-
esses might be disentangled in future research.
Unlike other neuroimaging studies on deception [Abe

et al., 2006; Kozel et al., 2004a, b; Langleben et al., 2002,
2005; Nuñez et al., 2005], we did not find a differential acti-
vation of the ACC for the different item types. Similarly,
others failed to corroborate this involvement of the ACC in
deception [Phan et al., 2005; Spence et al., 2001]. This might
be due to several reasons: First, the ACC was shown to be
involved in processing conflicting information, especially

when those occurred with a low frequency [Braver et al.,
2001; de Zubicaray et al., 2000]. The number of trials that
required a response monitoring in the current experiment
(probes and targets) summed up to one third of all trials.
Possibly, the differential response of the ACC was thus
weakened because of this higher proportion of conflicting
trials. Second, the ACC seems to be related to motivational
conditions of decision making and monitoring [Bush et al.,
2002; Rogers et al., 2004]. In contrast to other studies [e.g.
Kozel et al., 2004b; Langleben et al., 2002, 2005], we did not
use (monetary) incentives to heighten the participant’s
motivation of successfully concealing the relevant informa-
tion. Thus, strictly speaking, there was no need for our sub-
jects to keep track of their responses during the experi-
ment. This possibly led to a lower activation of areas
known to be involved in response monitoring like the
ACC. Third, increased ACC activity seems to be related to
task difficulty [see Paus et al., 1998 for a review] and error
monitoring [Mathalon et al., 2003]. Our task was compara-
bly easy as verified by the low rate of errors committed by
the participants, thus potentially accounting for the absent
differences in the ACC activation.
By contrast, a differential response of the middle cingu-

late gyrus was observed in this study. Kozel et al. [2004a]
reported a similar difference in activation for the contrast
of deceptively answered trials compared to honest re-
sponding. This region seems to be involved in the detec-
tion of infrequent events [Braver et al., 2001], which fits to
the observed difference in activity to probes and targets
compared to irrelevant items. For this region, the differ-
ence between the signal change to probes and targets was
larger in the stimulus set of the bank notes as compared to
the playing cards. Although this difference was compara-
tively small, it might be related to previous experiences
with the stimulus material. Our sample mainly consisted
of students that presumably have less experience with 100
EUR bank notes that served as target than with 20 EUR
bank notes that were used as probe items. Thus, poten-
tially, the bank note of higher value subjectively appeared
less frequently than the 20 EUR bank note and led to the
small difference in the activation of the mid-cingulate
region.
Using a typical P300-oddball-paradigm where partici-

pants had to silently count the number of infrequent tar-
gets also led to an activation of the middle cingulate gyrus
following targets [McCarthy et al., 1997]. This possibly
provides a first link of the data presented here to other
experiments using event-related brain potentials as de-
pendent variable in a comparable paradigm. Typically, a
larger P300 is observed in such studies in trials that con-
tain previously acquired information or task relevant stim-
uli [Allen et al., 1992; Farwell and Donchin, 1991; Ro-
senfeld et al., 1988, 2004, 2006; van Hooff et al., 1996].
The fourth cluster of differential activation elicited by

the three item types in the current study was located in
the left inferior parietal lobule extending into areas of the
precentral and postcentral gyrus. Although comparable
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activation differences between deceptive and honest trials
have been frequently reported for the primary motor cor-
tex and postcentral regions in a controlled setup [e.g. Lan-
gleben et al., 2005; Spence et al., 2001], it could not be
ruled out that the differential activation observed in the
current study was simply due to the different fingers that
were used for the responses to targets as compared to
probe and irrelevant items. Only targets were accompa-
nied by a heightened response in this cluster and this pat-
tern did not differ between item categories. Thus, the infe-
rior parietal activation was obviously unrelated to stimulus
or response conflicts and was most likely due to the differ-
ent response demands.
Taken together, probe and target items elicited a surpris-

ingly similar pattern of activation in the brain. Some differ-
ences were observed as a function of stimulus conflicts
and, potentially, previous experiences with the stimulus
material, but in sum, our findings suggest that the re-
sponse pattern of the three item GKT largely relies on the
differentiation of rare and meaningful information (probes
and targets) from irrelevant items. This result fits very
well to studies using event-related brain potentials in the
GKT [Rosenfeld et al., 1988, 2004, 2006; van Hooff et al.,
1996] and furthermore substantiates the inference logic
that has frequently been applied to identify concealed in-
formation on a single-subject basis [Allen et al., 1992; Far-
well and Donchin, 1991; Farwell and Smith, 2001]. This
pattern might however change, when probes are associ-
ated with strong emotions and when the risk of failing the
test becomes a high motivational incentive. This situation
is likely to occur in forensic applications where the GKT is
used to reveal crime related knowledge from alleged crim-
inals [Nakayama, 2002].
Regarding the skin conductance data, probes were asso-

ciated with larger response amplitudes compared to irrele-
vant items [Ben-Shakhar and Elaad, 2003]. Additionally,
however, the responses to the task relevant items (targets)
were larger than those to both other item types at least
when there were only small stimulus conflicts between
probes and targets (as in the set of bank notes). Thus,
items requiring a deviant response did attract the partici-
pant’s attention and produced a pattern closely corre-
sponding to an OR [Ben-Shakhar et al., 1999; Gamer et al.,
2005]. According to the notion of Lykken [1974], the probe
items embedded in the GKT questions presentation, have
a special sort of significance or ‘‘signal value’’ for guilty
subjects; thus, they evoke a stronger OR that is more re-
sistant to habituation compared to irrelevant items [see
also Ben-Shakhar and Furedy, 1990, p. 111 ff.]. Apparently,
target items had a comparable or even higher ‘‘signal
value’’ than probe items in the three item GKT employed
in the present study. Future research might help to answer
the question whether this was primarily due to their task
relevance or their maintenance in working memory.
Irrespective of the presented item type, phasic skin con-

ductance changes were found to be related to the activity
of several cortical regions. In line with other studies using

different research paradigms [Critchley et al., 2000; Nagai
et al., 2004; Patterson et al., 2002; Williams et al., 2000],
those included supplementary motor regions, the cerebel-
lum, inferior frontal regions, and the insula but surpris-
ingly also the inferior occipital and fusiform gyri in the
left hemisphere. Comparable correlations of extrastriate
visual areas and phasic skin conductance activity were
found in several studies and may represent a modulatory
effect of sympathetic arousal on sensory processing
[Critchley et al., 2000; Patterson et al., 2002; Williams et al.,
2000].
Mainly on the basis of animal studies, Dawson et al.

[2000] described several pathways that were thought to be
related to the elicitation and the modulation of phasic skin
conductance activity. One of these pathways, mainly
involved in situations requiring fine motor control, incor-
porated contralateral premotor and motor-regions. In the
current study where participants were required to respond
behaviorally to visually presented stimuli, phasic skin con-
ductance changes were linearly related to SMA activity,
thus potentially indicating the relevance of this pathway
for our experimental paradigm. The observed cerebellar
activity might also be related to this interpretation. A sec-
ond pathway, originating from prefrontal regions, was
thought to be involved in phasic skin conductance modu-
lation during orientation and selective attention. In the cur-
rent study, the activity of inferior frontal regions and the
right anterior insula was linearly related to phasic skin
conductance changes. Similar results were obtained by
Critchley et al. [2000], Patterson et al. [2002], and Nagai
et al. [2004]. In all these studies, this significant covariation
was observed only for the right hemisphere or was at least
strongly right lateralized. The same was true for a study
by Kozel et al. [2004b], who correlated the time course of
the electrodermal data averaged within successive 3 s win-
dows, thus representing a mixture between tonic and pha-
sic skin conductance data, with the BOLD signal changes
in a combination of the differentiation of deception ap-
proach and the GKT paradigm. Significant correlations
were almost exclusively observed for the right hemisphere,
in particular for inferior frontal and insular regions.
Irrespective of the item type, significant covariations of

reaction times and cortical activity were found bilaterally
for a widespread fronto-parietal network including the
SMA but also subcortical and cerebellar regions. Parts of
this network have been found to be related to response
planning, selection, and inhibition [Aron et al., 2004; Braver
et al., 2001; Wager et al., 2005]. For the whole network,
only positive correlations were observed; thus, larger corti-
cal activity within these regions led to pronounced reaction
time costs. In sum, far more significant correlations of re-
gional brain activity and reaction times were observed than
comparable covariations with SCR amplitudes. Two poten-
tial reasons that may be intertwined can be considered to
explain this discrepancy. First, although behavioral and
skin conductance data were correlated across trials, the
absolute size of this correlation was only moderate. There-
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fore, both measures may reflect processes that are partly in-
dependent and thus share only some parts of a larger net-
work in the brain that is involved in processing the differ-
ent stimuli of the GKT. Second, this discrepancy might, at
least in part, be due to habituation of the SCR amplitudes
across the test that led to a reduced variability of this mea-
sure as compared to the reaction times.
When comparing the specific results of the parametric

analyses described above, it turned out that response times
and SCR amplitudes were positively correlated with re-
gional brain activity in the cerebellum, the SMA, and the
right inferior frontal cortex incorporating parts of the ante-
rior insula. In contrast to Critchley et al. [2005] who found
rostral regions of the ACC predicting sympathetic arousal
as indexed by pupil dilatation, we found a more caudally
located region of the SMA predicting phasic skin conduct-
ance changes. Furthermore, the activity of an adjacent ros-
tral region incorporating parts of the SMA and the supe-
rior frontal gyrus was linearly related to trialwise response
times. This discrepance to the study by Critchley et al.
[2005] might be related to the different measures that were
used to index autonomic arousal or to differences in the
respective task which was apparently easier in the current
experiment. Taken together, the GKT obviously accentu-
ates the involvement of premotor regions like the SMA in
the modulations of phasic skin conductance activity
instead of revealing the contribution of rostral ACC
regions that were previously shown to influence sympa-
thetic arousal [e.g. Critchley et al., 2001, 2003, 2005].
Interestingly, most studies using a differentiation of

deception approach did find differential activations in ei-
ther the SMA or inferior frontal regions or even in both
areas for deceptive compared to truthful responses [Abe
et al., 2006; Nuñez et al., 2005; Spence et al., 2001]. The
same is true for studies combining a differentiation of
deception and a GKT approach [Kozel et al., 2004a; Lan-
gleben et al., 2002, 2005; Phan et al., 2005] and for studies
where participants were instructed to feign memory
impairment [Lee et al., 2002, 2005]. When analyzing the
effects of the several item types on cortical activity, a dif-
ferential activation for the right inferior frontal cortex was
observed in the current study, too. Thus, it can be con-
cluded that the activity of medial and ventrolateral frontal
regions seems to be coupled to behavioral and autonomic
measures that were traditionally used in GKT examina-
tions [see Ben-Shakhar and Elaad, 2003, for a review, or
Seymour et al., 2000]. On the one hand, this link might
provide insights into information processing during a GKT
examination; on the other hand, it may have consequences
for the application of imaging techniques aiming to obtain
individual diagnoses concerning potentially deceptive
responses. Currently, such methods are emerging [Davat-
zikos et al., 2005; Kozel et al., 2005] and future research
might help answering the question, whether their validity
will prove to be superior to traditional GKT techniques
based on autonomic measures [see Wolpe et al., 2005, for a
discussion of this issue].
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