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Abstract: Developed as an alternative to traditional deception detection methods, the concealed
information test (CIT) assesses recognition of critical (e.g., crime-relevant) “probes.” Most often,
recognition has been measured as enhanced skin conductance responses (SCRs) to probes com-
pared to irrelevant foils (CIT effect). More recently, also differentially enlarged reaction times
(RTs) and increased neural activity in the bilateral inferior frontal gyrus, the right middle frontal
gyrus, and the right temporo-parietal junction have been observed. The aims of the current func-
tional magnetic resonance imaging (fMRI) study were to (1) investigate the boundary conditions
of the CIT effects in all three measures and thereby (2) gain more insight into the relative contri-
bution of two mechanisms underlying enhanced responding to concealed information (i.e., orient-
ing versus response inhibition). Therefore, we manipulated the proportion of probe versus
irrelevant items, and whether suspects were instructed to actively deny recognition of probe
knowledge (i.e., deceive) during the test. Results revealed that whereas overt deception was not
necessary for the SCR CIT effect, it was crucial for the RT and the fMRI-based CIT effects. The
proportion manipulation enhanced the CIT effect in all three measures. The results indicate that
different mental processes might underlie the response pattern in the CIT. While skin conductance
responding to concealed information may best be explained by orienting theory, it seems that
response inhibition drives RT and blood oxygen level dependent responding to concealed informa-
tion. Hum Brain Mapp 36:427–439, 2015. VC 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Developed as an alternative to traditional lie detection
methods, the concealed information test [CIT; Lykken,
1959] measures recognition of critical (e.g., crime-related)
details. Imagine the theft of a necklace that is only known
to the police and the person who reported the theft. To
administer a CIT, several questions are developed whose
correct answers are only known to a guilty suspect. For
instance, one CIT question could be “Do you recognize
this item?,” presented together with different alternative
answers (e.g., a ring, a painting, a necklace, a diamond,
and a credit card). Whereas for an innocent suspect all
items are equally plausible and, therefore, irrelevant, a
guilty suspect is expected to react differently to the correct
item (i.e., probe). This differential responding is called the
CIT effect (probe minus irrelevant items) and has most
often been assessed with measures of the autonomic nerv-
ous system. It has been found that probe items compared
to irrelevant items elicit increased autonomic responses,
with the skin conductance response (SCR) displaying the
greatest sensitivity [Ben-Shakhar and Elaad, 2003; Gamer
et al., 2008].

More recently, the CIT has been adapted for the assess-
ment of other dependent measures [for a review see Ver-
schuere et al., 2011a], including reaction times [RTs;
Seymour et al., 2000] and blood oxygen level dependent
activity [BOLD activity; Gamer et al., 2007]. Because these
measures require a repeated stimulus presentation, a third
item-category has been included into the test to ensure
that suspects are paying attention to the item presentation.
These “target items” are shown to suspects before admin-
istration of the CIT and while suspects are instructed to
truthfully admit knowledge (respond “Yes”) of the target
items, they should deny knowledge (respond “No”) of all
remaining items (i.e., probes and irrelevant items). With
this three-item CIT, probe items compared to irrelevant
items were shown to result in prolonged RTs [Seymour
and Kerlin, 2008; Verschuere et al., 2010], and an increased
neural activity in the bilateral inferior frontal gyrus (IFG),
the right middle frontal gyrus (rMFG), and the right
temporo-parietal junction [rTPJ; for a recent meta-analysis
on the fMRI-based CIT see Gamer, 2011].

Although the SCR is a reliable index of concealed infor-
mation, several factors have been shown to influence its
validity, including item proportion and deception. The
higher the proportion of irrelevant items relative to probe
items, the greater the SCR CIT effect [Ben-Shakhar, 1977;
Ben-Shakhar et al., 1982; Lieblich et al., 1970]. Results were
less homogeneous regarding the effect of overt deception.

Some researchers found that when guilty suspects were
required to actively deceive during the test (i.e., deny
probe knowledge by responding “No” to every item) the
SCR CIT effect was larger compared to when suspects
were not required to actively deceive [i.e., give no
responses or respond “Yes” to every item; see e.g., Elaad
and Ben-Shakhar, 1989; Furedy and Ben-Shakhar, 1991;
Gustafson and Orne, 1965; Horneman and O’Gorman,
1985]. Others, however, could not replicate these findings
[Kugelmass et al., 1967; Verschuere et al., 2009a], and in
two meta-analyses on moderators of the SCR CIT effect,
the factor deception failed to reach significance [Ben-Sha-
khar and Elaad, 2003; Meijer et al., 2014]. With regard to
the validity of RT and fMRI-based concealed information
measures, there is no research so far on the role of item
proportion, but first research on the role of overt decep-
tion. The majority of research using RTs indicates that
when participants are not asked to actively deny probe
knowledge, the RT CIT effect disappears [Matsuda et al.,
2009; Meijer et al., 2007; Verschuere et al., 2009b, but see
Labkovsky and Rosenfeld, 2012; Rosenfeld and Labkovsky,
2010; Rosenfeld et al., 2008 for opposing findings]. The
only study using fMRI found that the neural CIT effect
was still significant without active denial of probe knowl-
edge [Gamer et al., 2012].

With regard to the mechanisms underlying the CIT, the
main research focus has been on the Orienting Response
[OR, Sokolov, 1963]. The OR is a conglomerate of behav-
ioral and physiological responses that is elicited by rare,
novel or personally significant stimuli. The OR can explain
the proportion effect and the majority of other findings
with the CIT. However, some research findings regarding
the autonomic responses to concealed information cannot
be accounted for by mere orienting [for a review, see Ver-
schuere and Ben-Shakhar, 2011]. Importantly, the differen-
tially enhanced RTs and neural activity in the rIFG for
probe items led to the idea that another mechanism might
contribute to the CIT effect: Response inhibition. Response
inhibition is defined as an executive function that allows
one to intentionally inhibit a dominant, automatic, or pre-
potent response [Miyake et al., 2000]. It was reasoned that
the denial of probe knowledge causes a conflict for guilty
suspects between the truthful “Yes” response and the to-
be-given deceptive “No” response, which can only be
solved by inhibiting the former response [Seymour and
Schumacher, 2009; Verschuere and De Houwer, 2011].

Support for the role of response inhibition comes from
the aforementioned findings that RT differences between
probe and irrelevant items disappear once overt deception,
and therefore, overt response conflict, is removed from the
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paradigm [Matsuda et al., 2009; Meijer et al., 2007; Ver-
schuere et al., 2009b]. Furthermore, the rIFG, whose activ-
ity is reliably modulated by the CIT, is considered an area
crucially involved in inhibitory processes, as it is consis-
tently activated during traditional response inhibition
tasks [e.g., Aron et al., 2004, 2014; Derrfuss et al., 2005;
Garavan et al., 1999; Kelly et al., 2004; Liddle et al., 2001;
Picton et al., 2007; Rubia et al., 2003; van Boxtel et al.,
2001]. However, Gamer et al. [2012] obtained significantly
enhanced rIFG activity for probe compared to irrelevant
items in the absence of deception and overt response con-
flicts. The authors, therefore, hypothesized that the
enhanced rIFG activity could result from the infrequent
presentation of the probes, since enhanced rIFG activity
has also been linked to the detection of rare events in a
stream of more frequently occurring events [Bledowski
et al., 2004; Chatham et al., 2012; Downar et al., 2000;
Hampshire et al., 2007; Herron et al., 2004; Strange et al.,
2000]. This interpretation suggests that the rIFG plays a
more general role for attentional processes, which is more
in line with the traditional orienting account.

In sum, scientific evidence reveals that concealed infor-
mation can be indexed by behavioral, autonomic, and neu-
ral signatures, but it remains unclear which factors
influence their respective validity and which mechanisms
underlie the response pattern in different measures. From
the available literature it seems that the SCR CIT effect is
augmented particularly by a proportion effect, and less by
overt deception, and that it is largely determined by the
OR. In contrast, RT and fMRI measures may be more
strongly determined by overt deception and may, there-
fore, rely at least partly on response inhibition. The aim of
this study was twofold. First, by manipulating item pro-
portion and deception within each examinee we examined
the boundary conditions of the CIT. More specifically, we
wanted to investigate which manipulations may enhance
CIT effects in different measures of concealed information
(RTs, SCRs, and BOLD responses), and which conditions
may even be necessary for CIT effects to occur. Second,
determining the degree to which these manipulations
affect CIT effects in different measures should allow us to
gain more insight into the relative contributions of orient-
ing versus response inhibition. Whereas the orienting
account predicts that proportion will impact most heavily
on responding, the response inhibition account predicts
stronger effects when participants are instructed to overtly
deceive than when they may reply truthfully.

METHOD

Participants

Thirty-two healthy, right-handed volunteers (15 women,
17 men) participated for a monetary reward. The study
was approved by the ethical committee of the University
Medical Center Hamburg-Eppendorf and conformed to

the principles expressed in the Declaration of Helsinki. All
participants provided written informed consent. The mean
age in the sample was 25.41 years (SD 5 4.26 years).

Experimental Design

In our design, all participants conducted a two-stage
mock-crime. Deception was manipulated within subjects
by instructing participants to admit knowledge of half of
the mock-theft related probes, and to deny knowledge of
the other half of the mock-theft related probes. Proportion
was also manipulated within subjects by varying the probe
versus irrelevant item proportion, with either 1 probe to 1
irrelevant item or 1 probe to 4 irrelevant items. This
resulted in a fully crossed 2 3 2 design with the CIT effect
(i.e., the difference score of probe minus irrelevant items)
as dependent variable and Deception (admit vs. deny) and
Proportion (1:1 vs. 1:4) as within-subject factors, manipu-
lated in four different CIT blocks. Although target items
were used during the task to ensure participants’ atten-
tion, they were not included in any of our analyses as they
were not informative for our hypotheses.

Procedure

Participants were welcomed by a first experimenter and
were informed that they were participating in a lie detec-
tion study. They were explained that they would receive
an instruction to commit two mock thefts and that after-
wards, a second, na€ıve experimenter would aim to detect
whether they were actually involved in the crimes or not.
All participants were instructed to enter a storage room
and to (1) look on the left side of the room for a key with a
little car on the keychain. With that key they should open a
red money box that was hidden in a striped colorful bag and
contained a 50 Euro note. Additionally, participants were
instructed to (2) go to the right side of the room and move
an empty water crate to access a storage container. In that
container they should find a brown envelope containing a
yellow sheet with a password (“mickey.100”). They should use
a red text marker to note the password on a post-it. With
the money and the password participants should return to
the instruction room. All relevant details that were used
for the construction of the CIT are printed in italics above.

After completion of the two mock thefts, the first experi-
menter informed the participants that a second na€ıve
experimenter would conduct a lie detection test concern-
ing their involvement in both thefts. Participants were told
that the second experimenter has enough evidence that
they were guilty of the first theft, but that she did not
know whether they were also guilty of the second theft.
Participants were explained that truthfully admitting the
first crime, while convincingly denying the second crime
would increase their chance of being considered innocent
of the second theft. The order in which both mock crimes
had to be executed and the instruction which crime had to
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be admitted and which had to be denied were counterbal-
anced between participants. To increase participants’ moti-
vation, they were promised 30 Euro for an overall accurate
and fast performance across all four experimental blocks,
combined with a convincing admittance and denial of the
respective mock thefts (three participants were paid this
extra reward based on their pattern of behavioral
responses1).

Thereafter, participants were sent to another building to
meet the second experimenter and take the test. Partici-
pants received detailed task instructions and practiced the
task outside the MRI scanner (with autobiographical ques-
tions and stimuli unrelated to the thefts). Finally, before
completion of the CIT in the MRI scanner, participants
studied and memorized the target items until they could
remember all of them correctly.

CIT paradigm

The CIT in the MRI scanner was presented on a translu-
cent screen using a video projector, which subjects viewed
via a mirror mounted to the head coil. During the entire
task the question “Do you recognize this object?” was pre-
sented in the upper middle part of the screen. Left and
right button presses were used to indicate “yes” and “no”
responses and reminder labels were presented left and
right below the question. Participants were asked to press

the correct button as accurately and quickly as possible
using the index and middle finger of their right hand. The
association of response labels to the index and middle fin-
ger was counterbalanced across subjects. As stimuli, pic-
tures of eight theft-related probe items, eight target items
and 32 irrelevant items were used (see Supporting Infor-
mation Fig. 1). The assignment of probes (and associated
irrelevant and target items) to experimental blocks was
randomized within each Deception condition (admit vs.
deny). Furthermore, when a 1:1 proportion of probe and
irrelevant items was used, the respective irrelevant item
was determined randomly out of all four possible irrele-
vant items. Each block began with an irrelevant buffer
item that was excluded from the data-analyses. After that,
stimuli were presented in randomized order, with an inter
stimulus interval varying randomly (drawn from a beta
distribution) between 1 and 8 seconds (M 5 3 s). To
encourage fast responding, a 1000 ms, response deadline
was used, after which the stimulus disappeared and the
words “Too slow” were presented.

Table I provides an illustration of the four different
experimental blocks, the responses that had to be given on
different trials and the number of trials per item and
block. Block order was counterbalanced, with the only
restriction that the two corresponding Deception condi-
tions were always paired together.

After the CIT and outside the MR scanner, participants
completed a brief explicit memory test for the theft items.
All participants remembered all probe items. Finally, par-
ticipants performed a standard version of the Stop-Signal
task and a keyboard Stroop task [Logan, 1994; Stroop,
1935; retrieved from http://www.millisecond.com/down-
load/library/] to get independent estimates of the

TABLE I. Trial type examples for all four experimental conditions (blocks)

Deception
Condition

Proportion
Condition

Stimulus
type

Example Stimuli
(pictures)

Number
of trials

Correct
Response

Admit 1:1 Irrelevant Laptop 40 No
Probe 50 Euro note 40 Yes
Target CD 40 Yes

1:4 Irrelevant Rucksack, Leather
bag, Plastic bag,
Safe

160 No

Probe Striped colorful bag 40 Yes
Target Suitcase 40 Yes

Deny 1:1 Irrelevant Yellow text marker 40 No
Probe Red text marker 40 No
Target Green fine liner 40 Yes

1:4 Irrelevant Trashcan, Toilet
paper, Printer
Paper, Printer Ink

160 No

Probe Water crate 40 No
Target Toolbox 40 Yes

Note: The examples listed correspond to a participant that had to admit the money theft, but deny the password theft.

1The extra reward was paid when participants achieved (1) more
than 95% correct responses (2) a mean RT of under 700 ms, and (3) a
negative mean RT CIT effect in the admit and the deny condition,
respectively.
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individual response inhibition ability. Since we did not
find systematic correlations between these two tasks and
the CIT effects in the RT, SCR, and fMRI measures, we do
not report results of these tasks. These data can be pro-
vided on request.

Data Acquisition

Stimulus presentation and recording of error rates and
RTs were performed with the software Presentation (Neu-
robehavioral Systems, Albany, CA). SCRs were recorded
using a constant voltage system (MP100, Biopac Systems,
Goleta, CA) with Ag/AgCl electrodes placed on the thenar
and hypothenar eminences of the left hand. Responses
were amplified and digitized at 200 Hz.

Functional imaging was performed on a 3-Tesla whole-
body MR scanner (Magnetom Trio, Siemens, Erlangen,
Germany), equipped with a 32-channel head coil. Forty
transverse slices (slice thickness 2 mm; 1 mm gap) were
acquired in each volume covering the whole brain. A T2*-
sensitive gradient echo-planar imaging (EPI) sequence was
used (repetition time [TR] 5 2260 ms; echo time [TE] 5 26
ms; flip angle 5 80�; FOV 5 220 3 220 mm; in-plane resolu-
tion 2 3 2 mm). Additionally, isotropic high-resolution (1
3 1 3 1 mm3) structural images were recorded using a
T1-weighted coronal-oriented MPRAGE sequence with 240
slices.

Data Preprocessing and Analysis

Behavioral responses

Buffer items, incorrect responses (1.88%) and responses
exceeding the response deadline (i.e., longer than 1000 ms;
1.48%) were excluded from the RT analysis. RTs for irrele-
vant and probe items were averaged for each of the four
conditions, and the CIT effect (Mprobes 2 Mirrelevants) was
computed for each condition. To analyze the influence of
the experimental manipulations on the behavioral data, we
calculated 2 3 2 MANOVAs on error rate and RT differen-
ces with Deception (admit vs. deny) and Proportion (1:1
vs. 1:4) as within-subject factors. As a measure of effect
size the standardized mean difference d was calculated
[Cohen’s d for paired data; Dunlap et al., 1996; Morris and
DeShon, 2002], with 0.20, 0.50, and 0.80 as thresholds for
“small,” “moderate,” and “large” effects [Cohen, 1988].

Skin conductance responses

Because of the response overlap resulting from the short
inter stimulus interval in our design, it was necessary to
first decompose the recorded skin conductance into tonic
and phasic components, using an individually fitted tem-
plate of a discrete SCR for each participant [Lim et al.,
1997]. In a first step, the algorithm, that was implemented
using R (http://www.r-project.org), generated a template
to match the individual SCR morphology. This template

was optimized by minimizing the squared difference
between the measured electrodermal data and the mod-
eled response. In a second step, this SCR template was fit-
ted to the whole skin conductance tracing of the respective
participant. Additional SCRs were added when the model
fit related to its complexity, determined using a Bayesian
information criterion, increased. The procedure resulted in
a set of SCRs for each electrodermal recording that best
resembled the measured data. Subsequently, SCRs that
were elicited by the stimuli were identified by searching
for responses with an onset between 1 and 3 s after stimu-
lus onset. The amplitudes of these responses were log-
transformed using the natural logarithm to reduce the
skewness of the distribution.

Error trials and trials exceeding the response deadline
were excluded from the SCR analysis. SCR amplitudes for
irrelevant and probe items were averaged for each of the
four conditions, and the CIT effect (Mprobes 2 Mirrelevants)
was computed for each condition. Finally, we calculated a
2 3 2 MANOVA on these amplitude differences with
Deception (admit vs. deny) and Proportion (1:1 vs. 1:4) as
within-subject factors. As a measure of effect size the
standardized mean difference d was calculated [Cohen’s d
for paired data; Dunlap et al., 1996; Morris and DeShon,
2002], with 0.20, 0.50, and 0.80 as thresholds for “small,”
“moderate,” and “large” effects [Cohen, 1988].

BOLD responses

Imaging data were preprocessed and analyzed with Sta-
tistical Parametric Mapping (SPM8, Wellcome Department
of Imaging Neuroscience, London). The first four volumes
of each session were discarded to allow for signal equili-
bration. Data of each participant were slice-time corrected
and realignment with unwarping was performed for each
session. The high-resolution T1 image was coregistered
with the mean EPI image and segmented using the unified
segmentation approach as implemented in the “New
Segment” routine in SPM8. During this latter preprocess-
ing step, tissue-class images for gray and white matter
were generated and used within the DARTEL toolbox to
create structural templates across subjects as well as indi-
vidual flow fields [Ashburner, 2007]. These flow fields
were then used to spatially normalize the EPI images into
MNI space. Images were saved with a spatial resolution of
2 3 2 3 2 mm3, and smoothing was accomplished using a
6-mm full-width at half maximum (FWHM) isotropic
Gaussian kernel. Finally, images were high-pass filtered at
128 s, and an autoregressive AR(1) model was used to
account for serial correlations in fMRI time series.

To analyze BOLD responses as a function of the experi-
mental manipulations, we modeled probes and irrelevant
items as separate regressors in each of the four experimental
conditions and convolved them with the hemodynamic
response function. Target items, buffer items, error trials,
and trials exceeding the response deadline were modeled
separately as regressors of no interest. Simple contrast maps

r Concealed Information Test r

r 431 r

http://www.r-project.org


(probe items vs. irrelevant items) were generated for each
subject and each condition individually. A flexible factorial
model (two-way within subjects ANOVA, including a sub-
ject factor) was used to test for main and interaction effects
of Deception (deny vs. admit) and Proportion (1:4 vs. 1:1)
on the activation pattern. For all analyses, a family-wise
error rate (FWE) threshold of P< 0.05, corrected for prede-
fined regions of interests (ROIs), was used. These regions
were defined by 12 mm spheres centered on the MNI coor-
dinates from a meta-analysis on the fMRI-based CIT [Gamer,
2011: rIFG 39/23/-10, rMFG 35/44/23, rTPJ: 60/-48/30,
lIFG: -44/19/-1]. Activations outside these ROIs were
reported if they survived a whole brain correction for multi-
ple comparisons using an FWE threshold of P< 0.05 and a
cluster threshold of k> 20 voxels. To illustrate the pattern of
activity and to identify the conditions contributing to the
interaction of Deception 3 Proportion, we conducted post
hoc analyses on the contrast estimates in selected ROIs.
These values were derived from the peak voxel of a given
contrast using the toolbox rfxplot [Gl€ascher, 2009]. For illus-
tration purposes, voxels are displayed as statistical maps
thresholded at P< 0.001, uncorrected, cluster extent k> 40
voxels, which are overlaid on the mean, skull-stripped struc-
tural image from all participants. The respective activations
are reported in x/y/z coordinates in MNI space.

Effect sizes CIT effect

To obtain an indication of test performance, the standar-
dized mean difference d was calculated for the CIT effects
in all four conditions (d 5 Mprobe-irrelevant/�SDprobe-irrelevant),
separately for each of the three dependent measures: RTs,
SCRs, and BOLD activity in all four ROIs [5 mm spheres
at the coordinates reported by Gamer, 2011] as well as the
mean activity of all four ROIs. As a rule of thumb, Cohen
[1988] proposed 0.20, 0.50, and 0.80 as thresholds for
“small,” “moderate,” and “large” effects.

RESULTS

Behavioral responses

Mean RTs are shown in Figure 1A. The 2 3 2 MANOVA
on RTs revealed a significant main effect of Deception, F(1,
31) 5 30.17, P< 0.001, d 5 0.97, 95% CI [0.55, 1.39], with a sig-
nificant and large CIT effect in the deny condition,
t(31) 5 5.72, P< 0.001, d 5 1.01, 95% CI [0.58, 1.44], and a sig-
nificantly reversed medium CIT effect in the admit condition,
t(31) 5 22.91, P< 0.01, d 5 20.51, 95% CI [20.88, 20.14].
Furthermore, there was a significant main effect of Propor-
tion, F(1, 31) 5 52.21, P< 0.001, d 5 1.28, 95% CI [0.81, 1.74],
with a significant large CIT effect in the 1:4 condition,
t(31) 5 5.79, P< 0.001, d 5 1.03, 95% CI [0.60, 1.46], and a sig-
nificantly reversed medium CIT effect in the 1:1 condition,
t(31) 5 23.46, P< 0.01, d 5 20.61, 95% CI [20.99, 20.23]. The
interaction of Deception 3 Proportion showed a tendency
towards significance, F(1, 31) 5 3.27, P 5 0.08, d 5 0.32, 95%

CI [20.04, 0.67]. The 2 3 2 MANOVA on error rates did not
reveal any significant effects, all F’s< 2.34, P’s> 0.14.

Skin Conductance Responses

Mean SCRs are shown in Figure 1B. The 2 3 2 MAN-
OVA on the SCRs revealed a significant main effect of
Deception, F(1, 31) 5 5.47, P< 0.05, d 5 0.41, 95% CI [0.05,
0.77], with a larger CIT effect in the deny condition,
t(31) 5 5.82, P< 0.001, d 5 1.03, 95% CI [0.60, 1.45], com-
pared to the admit condition, t(31) 5 3.79, P< 0.01, d 5 0.67,
95% CI [0.29, 1.05]. Furthermore, there was a significant
main effect of Proportion, F(1, 31) 5 16.42, P< 0.001,
d 5 0.72, 95% CI [0.33, 1.11], with a larger CIT effect in the
1:4 condition, t(31) 5 5.25, P< 0.001, d 5 0.93, 95% CI [0.51,
1.32], compared to the 1:1 condition, t(31) 5 4.39, P< 0.001,
d 5 0.77, 95% CI [0.38, 1.17]. The interaction was not signifi-
cant, F(1, 31) 5 1.12, P 5 0.30, d 5 0.23, 95% CI [20.12, 0.59].

BOLD Responses

In all four ROIs, we found a main effect of Deception,
with a significantly larger BOLD CIT effect for the deny

Figure 1.

Mean CIT effects (probe minus irrelevant items) in RTs (A) and

SCRs (B) for all four conditions. Contrast estimates for CIT

effects in the peak voxels of the two ROIs that showed a signifi-

cant interaction effect between Deception and Proportion: the

right IFG (C) and the right temporo-parietal junction (D). Error

bars indicate standard errors of the mean. x 5 SCR in mS. a.u. 5

arbitrary unit. *** P< 0.001, ** P< 0.01.
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condition compared to the admit condition, and a main
effect of Proportion with a significantly larger BOLD CIT
effect for the 1:4 condition compared to the 1:1 condition
(see Table II, Fig. 2).

In the rIFG and the rTPJ, we additionally found a signif-
icant interaction of both factors (see Fig. 2). Posthoc t tests
revealed that in both regions these interactions were
mainly driven by the BOLD CIT effect in the deny 1:4 con-
dition, which differed significantly from the CIT effects in
all other three conditions (see Figs. 1C,D). As can be seen
in Figure 3, there was a partial overlap of the activations
of the main and interaction effects in the rIFG and the
rTPJ.

Effect Sizes CIT Effect

The effect sizes of the different CIT effects varied con-
siderably between RT, SCR, and fMRI measures and the
four experimental conditions (see Table III). Reducing the
number of irrelevant relative to probe items or asking par-
ticipants to admit instead of deny probe knowledge sub-
stantially reduced effect sizes of the RT and BOLD CIT
effects. This reduction was less strong for the effect sizes
of the SCR CIT effects.

Effect sizes and confidence intervals further indicated
that the RT CIT effect was largest in the deny 1:4 condi-
tion, and significantly exceeded zero only in that condi-
tion. Also the SCR CIT effect was largest in the deny 1:4
condition, but it remained large and significant in the
deny 1:1 and the admit 1:4 conditions. All BOLD CIT
effects were largest in the deny 1:4 condition and differed
significantly from zero in that condition. None of the
BOLD CIT effects in the admit 1:1 condition reached sig-

nificance. In the deny 1:1 condition, CIT effects were sig-
nificant when BOLD activity was averaged across all four
ROIs and in two of the four ROIs. These effects were of
medium to large size. In the admit 1:4 condition, CIT
effects were significant when BOLD activity was averaged
across all four ROIs and in one of the four ROIs. These
effects were of small to medium size.

DISCUSSION

This study pursued two aims. Our first aim was to clar-
ify which factors contribute to RT, skin conductance and
fMRI-based CIT effects. We therefore focused on two theo-
retically important factors: Deception and Proportion. Spe-
cifically, we (1) instructed participants to admit knowledge
of half of the mock crime-related probe items and deny
knowledge of the other half, and (2) manipulated the pro-
portion of probe versus irrelevant items (1:1 vs. 1:4). More-
over, studying the effects of both manipulations should
allow us to draw further conclusions on the contributions
of orienting and response inhibition to the CIT effects in
different measures. Deception and Proportion affected the
CIT effects in all three dependent measures, albeit to a dif-
ferent extent. This finding revealed important dissociations
between RT, SCR, and fMRI-based concealed information
measures.

For the RT measure, the effects were dramatic. As is
clear from an inspection of Figure 1A, the CIT effect was
robust in the deny 1:4 condition, yet significantly reversed
in the admit 1:1 condition. That the CIT effect was not
just absent in the admit 1:1 condition, but reversed may
be related to the proportion of “yes” versus “no”
responses in that particular condition. Only the irrelevant

TABLE II. Brain regions showing significant main effects of Deception and Proportion and regions showing a signifi-

cant interaction of Deception 3 Proportion

Effect
Regions contained

within cluster

Peak voxel (MNI
coordinates)

Cluster size
(voxels) Z

Corrected
P (FWE)x y z

Main effect Deception (Deny>Admit) Right inferior frontal gyrus 44 24 24 165 4.49 0.001
Right middle frontal gyrus 34 52 24 59 4.24 0.004
Right temporo-parietal junction 62 246 28 654 5.75 0.000
Left inferior frontal gyrus 242 16 0 155 4.48 0.002

Main effect Proportion (1:4> 1:1) Right inferior frontal gyrus 48 22 26 186 4.77 0.000
Right middle frontal gyrus 34 50 22 256 4.77 0.000
Right temporo-parietal junction 58 250 20 108 4.02 0.009
Left inferior frontal gyrus 236 16 6 123 4.40 0.002
aLeft postcentral gyrus 244 234 52 170 6.11 0.000
aLeft precentral gyrus 236 26 62 86 5.81 0.000

Interaction effect Deception
3 Proportion

Right inferior frontal gyrus 46 24 210 34 4.14 0.006
Right temporo-parietal junction 52 242 36 153 4.22 0.004

Note: Only the peak voxel of each cluster is reported. The spatial cluster extent was k� 20 voxels and a small volume correction (sphere
of 12 mm around previously defined ROIs) with a family-wise error rate of PFWE< 0.05 was used to correct for multiple comparisons.
aAdditional areas that were significant on a whole brain level (spatial extent k� 20 voxels and PFWE< 0.05).
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Figure 2.

Brain regions showing significant main effects of deception and

proportion and brain regions showing a significant interaction of

Deception 3 Proportion. Regions are displayed on axial slices

(MNI z-coordinates are given) of a mean, skull-stripped struc-

tural image from all participants. For illustration purposes, acti-

vated voxels are displayed as statistical maps thresholded at

P< 0.001, uncorrected, cluster extent k> 40 voxels. rIFG 5

right inferior frontal gyrus; lIFG 5 left inferior frontal gyrus;

rMFG 5 right middle frontal gyrus; rTPJ 5 right temporo-

parietal junction; lIns 5 left insula.



stimuli required a “no” response, whereas both the probe
and the target stimuli required a “yes” response. The
higher proportion of “yes” responses might have facili-
tated “yes” responses compared to “no” responses [Pash-
ler and Baylis, 1991], resulting in a reversed CIT effect.
Our results are in line with previous research [Matsuda
et al., 2009; Meijer et al., 2007; Verschuere et al., 2009b],
and indicate that to obtain an RT CIT effect, deception is
not just a contributing, but rather a necessary factor. The
fact that the RT CIT effect only reached significance in
the deny 1:4 condition indicates that also a larger propor-
tion of irrelevant compared to probe items may be neces-
sary for the RT CIT effect to occur. This result is in
contrast with results obtained in many deception para-
digms. Although it has for instance in the Sheffield lie
task [Spence et al., 2001] been found that a higher propor-
tion of irrelevant (truth) trials enhances differential RT
effects to probe (lie) trials [Verschuere et al., 2011b; Van
Bockstaele et al., 2012], robust RT results are usually also
obtained with a 1:1 proportion [e.g., Debey et al., 2012;
Fullam et al., 2009; Spence et al., 2001, 2004, 2008]. As
there are no previous studies manipulating item propor-
tion in the RT CIT, further research seems warranted
before any strong conclusions on the role of item propor-
tion can be drawn.

For the SCR measure, both Deception and Proportion
contributed to the CIT effect, with no significant interac-
tion. The significant proportion effect corresponds with

Figure 3.

Overlay of the significant main and interaction effects. Regions

are displayed on axial and sagittal slices (MNI z- or x-coordi-

nates are given) of a mean, skull-stripped structural image from

all participants. For illustration purposes, activated voxels are

displayed as statistical maps thresholded at P< 0.001, uncor-

rected, cluster extent k> 40 voxels.
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the findings that increasing the set size of irrelevant items
also leads to an increased detection rate in the traditional
two-item SCR CIT [Ben-Shakhar, 1977; Ben-Shakhar et al.,
1982; Lieblich et al., 1970]. The significant deception effect
further corresponds with studies reporting that active
denial of probe knowledge enhanced the SCR CIT effect in
the two-item CIT [Elaad and Ben-Shakhar, 1989; Furedy
and Ben-Shakhar, 1991; Gustafson and Orne, 1965; Horne-
man and O’Gorman, 1985], but contrasts with studies fail-
ing to find such an effect [e.g., Kugelmass et al., 1967;
Verschuere et al., 2009a]. However, although both Propor-
tion and Deception increased the size of the SCR CIT effect,
neither appeared necessary, as evidenced by the significant
CIT effects in the deny 1:1 and the admit 1:4 conditions.
This result is consistent with the finding that although
there exist numerous moderators of the SCR CIT effect, it
can already be obtained under minimal conditions [Ben-
Shakhar and Elaad, 2003; Meijer et al., 2014].

The BOLD CIT effect appeared robust in all four ROIs in
the deny 1:4 condition. But whereas CIT effects lacked signif-
icance in three of the four ROIs in both admit conditions,
CIT effects in the rTPJ and the lIFG as well for the average
across all four ROIs were significant and even of medium to
large size in the deny 1:1 condition. This strongly indicates
that, like the RT CIT effect, the fMRI-based CIT effect crit-
ically depends on Deception. This result seems in conflict
with the findings of Gamer et al. [2012], who found
enhanced rIFG activity for probes as compared to irrelevant
CIT items in the absence of apparent response conflict. There
is, however, a crucial difference between the instructions
used in both studies. Although the CIT paradigm by Gamer
et al. [2012] did not contain any overt response conflict (par-
ticipants simply had to indicate seeing every item with the
same button press), the overall goal for the participants was
still to hide certain information (i.e., deception). In contrast,
in our design, participants were explicitly told that this par-
ticular crime knowledge was already known to the experi-
menters. Note also that despite the fact that participants still
had to deceive in the Gamer et al. [2012] study, the RT CIT
effect disappeared. This may be explained by the fact that
the behavioral responses in the Gamer et al. [2012] study
were not contingent on stimulus content. Thereby, partici-
pants could respond before stimulus content may have been
sufficiently processed [Suchotzki et al., 2013].

In addition to the results obtained for predefined ROIs, we

also found a modulation of neural activity by Proportion in

the pre- and postcentral gyrus of the left hemisphere. These

regions overlap with the somatosensory representation and

motor control of the right hand [e.g., Bear et al., 2006], which

was used to deliver behavioral responses. Therefore, this

result might simply be related to differences in the overall

frequency of button presses, but it may also reflect enhanced

attentional saliency of behavioral responses to probe items

when the number of irrelevant items increases.
Taken together, our results indicate an interesting disso-

ciation between RT, skin conductance and fMRI-based
measures of concealed information. Whereas our propor-

tion manipulation enhanced the effect in all three meas-
ures, overt deception was crucial for the RT and the fMRI-
based CIT effect, but not for the SCR CIT effect. This latter
finding also fits with data of a recent study by Matsuda
et al. [2013]. In that study, participants were instructed to
hide knowledge of one of two probes, stating that one was
“discovered” by the experimenter before the test started.
Although participants in their study did not overtly admit
or deny any knowledge during the CIT but simply pressed
the same response button for every item, these authors still
found a dissociation between several autonomic and dif-
ferent event-related potential (ERP) measures. Whereas
CIT effects in SCRs, heart rate, cutaneous blood flow, and
the N2 and P300 ERP components were present for both
probes, CIT effects in the respiration measure and the late
positive potential were only significant when probe knowl-
edge needed to be concealed.

Knowledge on how deception and proportion affect the
different CIT effects also provides further information on
their underlying theoretical mechanisms (i.e., orienting
versus response inhibition). Our finding that deception
constitutes a necessary condition for the RT CIT effect sup-
ports the idea that task characteristics are crucial to obtain
reliable RT effects [Verschuere and De Houwer, 2011].
More specifically, a manipulation of conflict between the
truthful “Yes” response and the to-be-given deceptive
“No” response seems crucial for a successful RT CIT, and
points to the role of response inhibition in this task.
Regarding our SCR results, there are two possible interpre-
tations. The first is that orienting as well as response inhi-
bition processes contribute independently to the SCR CIT
effect. The second, and more economical interpretation, is
that the orienting account can incorporate the effects of
both the deception and the proportion manipulation. As
orienting increases with stimulus salience, the deception
manipulation may have increased probe salience, thus
boosting the OR. Although response inhibition may be at
play, the most parsimonious explanation for the SCR CIT
effect then is to interpret the SCR CIT effect within OR
theory. For the fMRI-based CIT effects (except for the
lIFG), the CIT effect completely vanished in the admit con-
ditions. These results strongly indicate that deception may
be a necessary condition for the fMRI-based CIT effects
and thereby also point towards response inhibition as their
crucial underlying mechanism. This further corresponds
with findings that the rIFG is crucially involved in tradi-
tional response inhibition tasks [Aron et al., 2004, 2014;
Derrfuss et al., 2005; Garavan et al., 1999; Kelly et al., 2004;
Liddle et al., 2001; Picton et al., 2007; Rubia et al., 2003;
van Boxtel et al., 2001], and that also in our experiment,
Deception significantly modulated rIFG activity. Our
results for the rIFG and the lIFG differ slightly. The lIFG
was the only ROI in which a significant CIT effect was
observed in the admit 1:4 condition. In general, CIT effects
were more pronounced in the lIFG compared to the rIFG.
The stronger enhancement of the lIFG CIT effect by Decep-
tion (compared to Proportion) corresponds with findings
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of bilateral IFG activation in response inhibition tasks and
supports the idea that also the lIFG may essentially con-
tribute to response inhibition processes [Swick et al., 2008].
Yet, interestingly, not only Deception but also Proportion
significantly modulated neural activity in all four ROIs in
our experiment and both factors even interacted in the
rIFG and the rTPJ. According to Aron et al. [2014], such a
modulation of rIFG activity by proportion may best be
explained by increased inhibitory demands for salient and
infrequent stimuli, which would indicate that attentional
effects strengthen primarily response inhibition-based CIT
effects. However, note that our results also fit with find-
ings and claims of other authors proposing that rIFG,
rTPG, and rMFG activity may not be specific for one men-
tal process, but rather reflect an interplay of multiple proc-
esses in complex cognitive tasks [Corbetta et al., 2008;
Corbetta and Shulman, 2002; Dodds et al., 2011; Duncan
and Owen, 2000; Hampshire et al., 2010]. Within that
view, the interaction effects found in the rIFG and the
rTPJ would probably rather be explained more generally
by a strong increase (beyond a purely additive effect) of
task complexity in the deny 1:4 condition.

Our results have clear practical implications. The CIT
effects varied substantially between conditions and meas-
ures, ranging from reversed CIT effects to very large effects.
All three measures produced the largest effects in the deny
1:4 condition, which therefore seems the most optimal for
applied purposes. Comparing effect sizes in this condition
between different measures revealed large effects for all
measures (except for the BOLD-activity in the rMFG). The
effect in the SCR measure was smaller compared to the
effects in the RT and fMRI measures, and also compared to
the SCR effect size found in two previous meta-analyses
[d 5 1.55; Ben-Shakhar and Elaad, 2003; Meijer et al., 2014].
The most likely explanation for this discrepancy is that our
short intertrial interval and the large number of stimulus
repetitions may have been suboptimal for the SCR record-
ing. The effect sizes of the RT as well as the majority of the
BOLD CIT effects were very large, with the largest effects
in the rTPJ and the mean activity of all four ROIs.
However, as indicated by the substantial overlap of
the confidence intervals, future research is needed to deter-
mine whether the differences between our effect sizes
reflect genuine differences between these measures. Our
findings also provide suggestions on how to further
enhance the CIT effect in the different measures. RT and
fMRI-based CIT effects could be maximized by interfering
with response inhibition capacities. In contrast, for the
SCR CIT effect, it may be more promising to concentrate on
task manipulations that enhance the OR. Combining the
assessment of two measures that tap into different mecha-
nisms could also further increase the diagnostic power of
the CIT.

Our study also has limitations. First, although several
aspects of our study contribute to its external validity (i.e.,
using a mock crime procedure; a cover story; a different
experimenter during the mock crime phase; an incentive

for appearing unknowledgeable), the external validity
remains limited (e.g., university students, instructed
deception). Second, we did not include an innocent control
group to compare specificity between measures. However,
it is important to note that in contrast to other deception
detection techniques [Lykken, 1974], the specificity of the
CIT only depends on the test structure (i.e., the number of
questions and items). Given a properly constructed test
(i.e., all items are equally plausible for an innocent sus-
pect), specificity estimates should therefore be comparable
between measures when similar techniques are used to
analyze response strengths for probes and irrelevant items.
Third, it is important to acknowledge that it is unlikely
that our manipulations of proportion and deception only
tapped into orienting or response inhibition processes,
respectively. Deception might also have influenced the
salience of the probe items and motivational processes in
general. More specifically, the condition in which partici-
pants had to deny probe knowledge might have led to an
increased motivation to conceal probe knowledge and
thereby also to an increased salience of these probe items.
To avoid this, we explicitly stated in our instructions that
chances to avoid “conviction” and gain an extra financial
reward depended on both a convincing admission as well
as a convincing denial of knowledge. It is also possible
that our proportion manipulation not only influenced ori-
enting, but also attentional processes in general (e.g., by
depleting attentional resources in the 1:4 condition).

To sum up, our results show that whereas overt decep-
tion was not necessary for the SCR CIT effect to occur, it
was crucial for the RT and the fMRI-based CIT effects. The
proportion manipulation enlarged the CIT effect in all
three measures. These results indicate that different mental
processes might underlie the response pattern in the CIT.
While skin conductance responding to concealed informa-
tion may best be explained by orienting theory, it seems
that response inhibition drives RT and BOLD responding
to concealed information.
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