
R

E
t

I
a

b

c

a

A
R
R
A
A

K
T
D
D
S

1

a
i
f
v
t
r
p
k
t
i
A
h
c
h
t
g
h

(

0
d

Behavioural Brain Research 225 (2011) 209– 214

Contents lists available at ScienceDirect

Behavioural  Brain  Research

j ourna l ho mepage: www.elsev ier .com/ locate /bbr

esearch  report

ffect  of  prefrontal  transcranial  magnetic  stimulation  on  spontaneous
ruth-telling

nga  Kartona,b,  Talis  Bachmannc,∗

Institute of Psychology, University of Tartu, 78 Tiigi Street, 50410 Tartu, Estonia
Estonian Academy of Security Sciences, 61 Kase Street, 12012 Tallinn, Estonia
Institute of Public Law, University of Tartu, Kaarli puiestee 3, 10119 Tallinn, Estonia

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 11 March 2011
eceived in revised form 9 July 2011
ccepted 16 July 2011
vailable online 22 July 2011

eywords:
ranscranial magnetic stimulation

a  b  s  t  r  a  c  t

Brain-process  foundations  of deceptive  behaviour  have  become  a subject  of  intensive  study  both  in funda-
mental  and  applied  neuroscience.  Recently,  utilization  of  transcranial  magnetic  stimulation  has  enhanced
methodological  rigour  in this  research  because  in  addition  to correlational  studies  causal  effects  of  the
distinct  cortical  systems  involved  can  be studied.  In  these  studies,  dorsolateral  prefrontal  cortex  has  been
implied  as the  brain  area  involved  in  deceptive  behaviour.  However,  combined  brain  imaging  and  stimu-
lation  research  has  been  concerned  mostly  with  deceptive  behaviour  in  the contexts  of  mock  thefts  and/or
denial of  recognition  of  critical  objects.  Spontaneous,  “criminally  decontextuated”  propensity  to  lying  and
orsolateral prefrontal cortex
eceptive behaviour
pontaneous lying

its dependence  on  the  activity  of  selected  brain  structures  has  remained  unexplored.  The  purpose  of  this
work  is  to  test  whether  spontaneous  propensity  to  lying  can  be  changed  by  brain  stimulation.  Here,  we
show  that  when  subjects  can  name  the  colour  of presented  objects  correctly  or  incorrectly  at their  free
will,  the  tendency  to  stick  to  truthful  answers  can be manipulated  by  stimulation  targeted  at  dorsolateral
prefrontal  cortex.  Right  hemisphere  stimulation  decreases  lying,  left hemisphere  stimulation  increases
lying.  Spontaneous  choice  to lie  more  or less  can be  influenced  by  brain  stimulation.
. Introduction

The distinction between brain processes involved in deceptive
nd honest behaviour have been the central issue in many stud-
es (e.g., [1–5]). Various brain imaging methods, most commonly
MRI, have been used to study brain-process correlates of deceptive
ersus truthful behaviour [6–11]. A “gold standard” in these inves-
igations presumes comparing brain processes when individuals
espond falsely or truthfully to experimental stimuli such as words,
ictures, statements, etc. Typically a mock crime scenario or guilty
nowledge situation is used and/or some stimulus is manipulated
o be critical in terms of significance or its emotion-inducing capac-
ty while subjects have to try to conceal or deny stimulus criticality.
lso, factually correct personal information has been a matter of
onesty or deceit in experimental settings. In one or another way
riminality, deservedness for punishment, or personal significance
ave been modelled by an experimental design. However, decep-

ive behaviour and chances to discover it depend not only on actual
uilty knowledge or “incriminating” circumstances, but also per-
aps on natural propensity of a subject to lie more or lie less. This
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also refers to the ease with which a person is capable of or prone
to counter-factual statements. Research on this aspect of lying and
its brain bases has been largely overlooked. One aim of the present
paper is to begin filling this gap (see the particulars later on in the
text).

Neuroimaging studies in which specific cortical areas are shown
to become activated during lying cannot be taken literally or inter-
preted simplistically to indicate a cortical “locus” for lying. As
has been pointed out by several researchers [12–14] such stud-
ies only provide evidence of a correlation between the activation
of certain brain regions and the occurrence of a specific behaviour.
However, the same cortical areas – together or separately – can
be involved in a variety of cognitive tasks when no deception is
taking place. For example, the prefrontal, parietal, and anterior
cingulated regions commonly activated in deception studies are
also generally activated when executive processing is studied with
no deception involved. Therefore, the activation of a cortical area
during lying as a correlational cue does not prove a causal rela-
tionship between it and the occurrence of lying [13]. However,
if by manipulating the state or activity of a certain area by tran-
scranial stimulation artificially changes propensity to lying, we

would be a step closer to unraveling the mechanisms involved
in lying. Thus, another aim of this work is to use a causally rel-
evant approach to studying the mechanisms behind spontaneous
lying.

dx.doi.org/10.1016/j.bbr.2011.07.028
http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
mailto:inga.karton@ut.ee
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Studies of brain area activation through neuroimaging tech-
iques can be said to fall broadly into two categories [15]: studies
hat attempt to elicit evidence of deception through the presence of

 specific pattern of cortical activation and studies that aim at the
eurocognitive processes underlying deception. In the latter cate-
ory, lying is viewed as a complex, high-level cognitive and social
ask [2,4,6,9,16,17].  It is important to specify whether deceiving
nd truth telling processes are special in any way, or whether they
ely on a set of general-purpose processes [2,16].  Studying causal
ffects should be important in this context.

In several works deception is interpreted as inhibition of
xpressing the truth (e.g., [6,18]).  Thus, creation of a lie may  be
ediated by the control processes in the prefrontal cortex (PFC)
ith the neural facilities of working memory involved. Conse-

uently, when we artificially inhibit PFC structures involved in
ying and/or disturb the balance between truth-telling and lying
eadiness through these mechanisms, measurable likelihood of the
orresponding behaviour should also change. Furthermore, if lying
eans inhibitory cognitive control over truth-telling propensity

hen it is reasonable to assume that whenever subject has some
external) extra means for this control, lying should be easier and
ts detection more problematic. (Indeed, some works have pointed
ut the problem of cue-dependency in deception studies – in the
ost cases subjects are being told when to lie [2,6,16,19]). To over-

ome also this problem and bring experiments closer to real life it
ay  be advisable to use study designs in which subjects are free to

hoose when to lie or tell the truth like herein. Our present study
ollows this strategy.

In recent years transcranial direct current stimulation (tDCS)
nd transcranial magnetic stimulation (TMS) have been invoked
o examine causal effects of the brain areas in mediating deceit
r truth-telling. These non-invasive brain stimulation methods can
e more or less comfortably used with normal subjects. Both have
een used to test the validity of brain imaging findings [13] or
o try establish a causal relevance between the state of a cortical
egion and deceptive behaviour through the transient inhibition of
ortical excitability [14]. TMS  can alter brain activity in a specific
ortical region through the use of targeted magnetic fields tem-
orarily disrupting neural processing in the focal area [13], thus
llowing to study the functioning of a certain area of the brain in
elation to an existing behaviour through a measurement of small
ut significant alterations in the behaviour [20,21].  The specifics
nd the basics of transcranial stimulation and tDCS and some of
heir known effects can be found in numerous pertinent publica-
ions [12,13,17,18,22–26]. Let us emphasize only some of the items
entral to our present study.

TMS  uses the principle of electromagnetic induction, in order
o produce a temporary and rather narrowly localised bioelectrical
oise in the brain and/or to temporarily switch off or inhibit the

unctions in a particular region. In case of repetitive TMS  (rTMS)
t could alter the excitability of the cortex, either increasing or
ecreasing it, depending on the parameters of stimulation [22,23].

nhibition typically emerges with stimulation at about 1 Hz and
xcitation with stimulation at about 5 Hz and higher [13,22]. Anodal
DCS seems to increase excitability in the areas of interest, whereas
athodal stimulation seems to have an inhibitory effect [13].

For example Knoch et al. [24] found that stimulation over the
eft dorsolateral prefrontal cortex (DLPFC) showed a frequency-
ependent rTMS effect: counting bias in numerical random
equence generation was significantly reduced after the 1 Hz stim-
lation compared with baseline, but significantly exaggerated after
he 10 Hz stimulation compared with 1 Hz stimulation. Subse-

uently, Knoch et al. [25] inhibited the right DLPFC with low
requency rTMS and observed significant increases in risky decision

aking in their subjects, compared to subjects in which inhibitory
timulation was received on the left DLPFC or a sham stimulation
in Research 225 (2011) 209– 214

was applied to either side. Similarly, Fecteau et al. [26] used tDCS
to impart anodal stimulation to the right DLPFC while applying
a cathodal tDCS to the left DLPFC and found that subjects made
more often the safer choice, while taking less time to evaluate
and choose between low risk and high risk possibilities, compared
with sham stimulation. Several studies have found functional lat-
erality of the hemispheres: reduction of responses within right
hemisphere and increased excitability in the left hemisphere dur-
ing deceptive responses when compared to honest responses [18];
and on the contrary, in the left DLPFC stronger activations for higher
demands on goal hierarchy were apparent [17]. As lying is a com-
plex and demanding cognitive activity, interaction of these bilateral
systems may  be considerably involved in deception.

But is it realistic at all to experimentally manipulate readiness
for deception? Priori et al. [27] gave an affirmative answer. Stimula-
tion of the right and left DLPFC through anodal and cathodal direct
currents was  applied separately to these areas. The frequency of
deceptive responses did not change, but a demonstrable increase
in the time it took to make deceitful responses was found. Mameli
et al. [5] found that anodal tDCS stimulation of the DLPFC bilaterally
speeded up reaction times in the production of general knowledge
related deceptive responses. Karim et al. [14] showed that inhibi-
tion of the anterior prefrontal cortex (aPFC) by cathodal tDCS lead
to significant within-subject increase of deceptive behaviour.

As we see, the data is quite unsystematic, incomplete and tDSC-
biased, which makes it difficult to generate clear-cut hypotheses
for a TMS-based study of spontaneous lying. Even data from the
correlational fMRI research does not help much. For example, well-
rehearsed lies that fit into a coherent story elicit more activation
in the right anterior frontal cortices than do spontaneous lies that
do not fit into a story [1].  However, both types of lies were accom-
panied by excitation of the anterior prefrontal cortices (bilaterally)
along with excitation in some other cerebral locations when com-
pared to truthfulness. We also can see from the few previous TMS
studies [24,27] that the bilaterality of the effects is not always clear.
Further investigations in this field seem necessary, additionally
motivating our present work.

We can expect that same mechanisms that have been found to
be involved in lying/guilty-knowledge in correlational studies may
be involved also in changes in the propensity to lie or tell the truth
as a result of brain stimulation. Frontal cortical structures, includ-
ing DLPFC have been found relevant [4,28].  Furthermore, DLPFC
is considered as an area important in modulating the competitive
weights of alternative goal-relevant representations [29], which is
an essential part of what people experience when engaged in a con-
flict between whether to lie or tell the truth. Therefore, we chose
to stimulate DLPFC to see possible causal role of this structure or
set of structures influenced by DLPFC stimulation in spontaneous
truth-telling or lying in a situation with no “high stakes”, or “mock
criminality”, or personally relevant concealed information implied
or generated.

The aims of the present study were (i) to see whether the spon-
taneous propensity to telling truth or lie can be artificially changed
(particularly by TMS  applied on DLPFC) and if yes, (ii) is the effect
hemispherically bilateral or unilateral. A simple hypothesis states
that slow-paced rTMS applied on DLPFC changes the frequency of
subsequent spontaneous truth-telling compared to rTMS applied
on a control locus.

2. Materials and methods

2.1. Subjects
Sixteen healthy right-handed volunteers participated in the rTMS experiments.
The participants were divided into two groups forming the samples for Experiment
1  and Experiment 2: (1) 4 male and 4 female subjects, age 21–27, M = 23.75 in Exper-
iment 1 where left hemisphere DLPFC and PC were stimulated and (2) 4 male and
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ig. 1. Illustration of TMS neuronavigation and the stimuli: a subject’s brain view s
f  rTMS (left and bottom panels) and examples of the visual stimuli used in the exp

 female subjects, age 21–42, M = 30.75 in Experiment 2 where right hemisphere
LPFC and PC were stimulated. The same hemisphere parietal cortex as a control
rea was  stimulated in both experiments. All subjects gave written informed consent
efore participating in this study. The study was approved by the Research Ethics
ommittee of University of Tartu and the study was conducted according to the prin-
iples set in the Declaration of Helsinki. Part of the subjects in both groups received

 EUR compensation for participation or were awarded partial course credits.

.2.  Procedure

Repetitive transcranial magnetic stimulation (rTMS) was applied in the first part
f  the experiment followed by the behavioural part, where the participating subjects
ould freely choose, whether to lie or tell the truth. The areas stimulated were: left
nd  right dorsolateral prefrontal cortex (DLPFC; BA 9) as an area shown to be related
o deceptive behaviour and left and right parietal cortex (PC; BA 7) as a control
rea  (Fig. 1). Although both of these areas can be interconnected through the fron-
oparietal functional network, it is fair to assume that the effect on an area directly
nder the TMS  coil is stronger compared to the putative effect on another, remote
rea. Therefore, TMS  of the DLPFC should have stronger effect on it than on PC and
MS  of the PC should have stronger effect on it than on DLPFC. A MRI-assisted NBS
Navigated Brain Stimulation) Nexstim Ltd. (Helsinki, Finland) system with figure-
f-eight coil was  used for stimulation. Before main task subjects received a train of

 Hz rTSM (391 pulses–6.31 min): over left or right DLPFC in one session and over
he  same hemisphere PC in the other session. The order of sessions between DLPFC
timulation and PC stimulation was counterbalanced between subjects within each
xperimental group. As some carryover effect might be present between DLPFC and
C  stimulation, we should rely on the former assumption that the effect of TMS on

he  area directly under the coil is stronger than the secondary effect on the remote
rea not under the TMS  coil. If this assumption would prove to be wrong, no effect
f  stimulation of the main area (DLPFC) versus control area (PC) could be found; if
his assumption is correct, the effect according to the hypothesis should be found.
timulation intensity was  set at 100% of the individual motor threshold (measured
g dorso-lateral prefrontal and parietal targets used in MRI  based neuronavigation
nts.

as a barely noticeable twitch of the thumb); in our experiment this ranged between
31  and 47% of maximal stimulator output.

In  order to select the intensity level of TMS  pulses and also find the duration
of  the session suitable for completing the experiment with all subjects as planned
we used a pragmatic and adaptable approach suggested earlier [12]. We  found the
time it takes to reach overheating the coil in the case of using the intensity of TMS
pulses equal to the highest one among the intensities corresponding to the motor
thresholds of all subjects. This design comes along with Robertson’s [12] ideas about
stimulating at a site of interest for 5–10 min  at 1 Hz, administered before the cogni-
tive  task; this “off-line” stimulation helps avoid many of the nonspecific concurrent
effects of TMS.

The behavioural task consisted in naming the colour of the red- and blue-
coloured discs appearing in quasi-random order on computer monitor. In each
trial,  a ring (11.3 cm,  10.8–4.3 ◦) filled with either a red- or blue-dotted texture
was presented on Eizo FlexScan T550 monitor (85 Hz) from the viewing distance
of  60–120 cm.  The average luminance of the stimuli was 37–105 cd/m2 (in its dif-
ferent parts) and the luminance of the background equaled 129 cd/m2 (see Fig. 1 for
examples of the visual stimuli). The differences in viewing distance appeared due
to  the precondition that participants were allowed to choose a distance that was
comfortable for them to look at the screen. Either of the colours was used 40 times.
Participants were instructed to name the colour correctly or just lie about it, naming
the other colour that was  not presented in this trial, being free to choose whether
to  lie or not. After naming the colour participants clicked mouse to initiate the next
trial. It was explained that it would not be good for the experiment when only cor-
rect or only incorrect naming responses would be given. Otherwise, subjects were
totally free to choose the type of response they like.
3. Results

The principal results of Experiment 1 and Experiment 2 are as
follows. In Experiment 1 there was  a clear tendency or significant
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Table 1
Proportions of truthful answers in Experiment 1 (left hemisphere stimulation) and
Experiment 2 (right hemisphere stimulation) shown for all subjects (L1–L8, R1–R8).

Subject Area (left
side)

Proportions Subject Area (right
side)

Proportions

L1 PC 0.59 R1 PC 0.79
DLPFC 0.50 DLPFC 0.79

L2  PC 0.80 R2 PC 0.78
DLPFC 0.79 DLPFC 0.78

L3  PC 0.48 R3 PC 0.44
DLPFC 0.31 DLPFC 0.63

L4 PC 0.78 R4 PC 0.83
DLPFC 0.73 DLPFC 0.86

L5  PC 0.77 R5 PC 0.40
DLPFC 0.75 DLPFC 0.49

L6  PC 0.83 R6 PC 0.54
DLPFC 0.80 DLPFC 0.58

L7  PC 0.64 R7 PC 0.28
DLPFC 0.60 DLPFC 0.41

L8  PC 0.55 R8 PC 0.51

N
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DLPFC 0.55 DLPFC 0.53

ote: Smallest N for any variable: 1280.

ffect almost in all cases to produce less truthful answers after left
LPFC stimulation with rTMS compared to rTMS to the left control

ocus PC (see Table 1 and Fig. 2). Although the effect of subjects
as significant [F7,7 = 32.21; p < 0.0001] the total lack of interac-

ion between factors subject and stimulation area [F7,1263 = 0.54;
 = 0.808] substantiates that the effect of stimulation area had the
ame direction with all subjects. Factorial ANOVA (subject set as
andom factor) showed that the number of truthful answers signif-
cantly depended on which brain area was stimulated, left DLPFC
ersus left PC [F1,7 = 7.07; p < 0.033] (see also Fig. 2). Opposite result
ccurred when right hemisphere DLPFC was stimulated (Experi-
ent 2): there was a clear tendency or significant effect almost in

ll cases to have more truthful answers after right DLPFC stimula-
ion with rTMS compared to right PC stimulation (see Table 1 and
ig. 2). Although the effect of subjects was significant [F7,7 = 27.34;

 < 0.0001] the lack of interaction between factors subject and stim-
lation area [F7,1263 = 0.90; p = 0.505] substantiates that the effect of
timulation area had the same direction with all subjects. Factorial

NOVA with subjects set as random factor showed a significant
ffect of the locus of stimulation, right DLPFC versus right PC
F1,7 = 6.54; p < 0.038] (see also Fig. 2).

ig. 2. Graphs showing mean proportions of truthful answers (expressed here as
er  cent) after stimulation of the left and right DLPFC and PC and the relative effect
etween two experimental conditions and groups: rTMS to the left DLPFC (Exper-

ment 1) tends to decrease and rTMS to the right DLPFC (Experiment 2) tends to
ncrease truthfulness (*p < 0.05; **p < 0.01).
in Research 225 (2011) 209– 214

To compare the relative effects of DLPFC stimulation between
two experimental groups (left versus right hemisphere stimula-
tion groups), t-test was run on the significance of the difference
between the relative effects of DLPFC stimulation compared to
PC stimulation (entering differences between subjects’ means of
the number of truthful responses in DLPFC and PC conditions as
data). A significant difference was found between right- and left-
hemisphere stimulation conditions [t14 = −3.65; p < 0.003] (see also
Fig. 2). (Order of stimulation did not have effect.)

4. Discussion

In our study we found support for the general hypothesis: rTMS
targeted at DLPFC changed spontaneous truth-telling/lying rate in
a task with no mock-criminal, guilty knowledge, or personally rele-
vant information processing contexts being involved. Importantly,
clear hemispheric differences were found. In principle, artificial
inhibition of the sustained neuronal activation-states in left DLPFC
and possibly the concomitant effect on the systems intimately asso-
ciated with DLPFC decreases the willingness to tell the truth (more
non-truthful answers produced) and/or increases the willingness
to tell lies. Conversely, inhibitory rTMS effect on right DLPFC and
possibly the concomitant secondary effect on the DLPFC-associated
systems increases willingness to tell truth (more truthful answers
produced) and/or decreases willingness (or capability) to lie. How
do our results compare with the existing information on causal
effects on brain’s disposition to lead to or allow deceit or other
types of deplorable behaviour?

Knoch et al. [25] inhibited the right DLPFC with low frequency
rTMS and observed significant increases in risky decision making
in their subjects, compared to subjects in which inhibitory stim-
ulation was  received on the left DLPFC or sham stimulation was
applied to either side. If we  define lying as risky behaviour then at
first our results seem to be inconsistent with these particular ear-
lier findings [25]. Alternatively, if we assume that right DLPFC is
importantly implicated in behavioural control [29] then its inhibi-
tion compromises this capacity. For the context of risky behaviour,
the consequence is increased impulsivity and risky decision mak-
ing. For the context of spontaneous lying, the consequence is a
diminished capability or willingness to exert inhibitory control
over overlearned, spontaneous verbal responses to the presented
visual stimuli. This interpretation makes the results of the two stud-
ies mutually consistent. Additionally, some secondary within- or
inter-hemisphere effect originating from right DLPFC stimulation
and spreading to other systems may  participate in producing our
results.

Fecteau et al. [26] used tDCS to impart anodal (excitability
increasing) stimulation to the right DLPFC while applying a catho-
dal (inhibitory) tDCS to the left DLPFC and found that their subjects
made more often the safer choice, while taking less time to evaluate
and choose between low risk and high risk possibilities, compared
with sham stimulation. This result again appears inconsistent with
our findings. Inhibition of left DLPFC in our study led to increase in
lying, which could not be termed as a “safer choice”. It may be that
in the Fecteau et al. [26] the potentiation of right DLPFC leading
to stronger cognitive control may  have overpowered the opposite
tendency caused by left DLPFC stimulation.

Kaller et al. [17] found in a planning-situation study that higher
demands on goal hierarchy were associated with stronger left
DLPFC activations. This again appears at first inconsistent with our
results: typically lying is considered as a cognitive task demanding

more complex cognitive load compared to truth-telling and there-
fore inhibiting the left hemisphere DLPFC in our study should have
caused less lying in order to conform to the Kaller et al. [17] results.
It may well be that lying in a situation where stakes are higher,
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emands different amount of cognitive resources compared to our
imple and un-guilty spontaneous lying task. Further rTMS research
ith “more serious” lying context may  help solve this controversy.

In some studies transcranial stimulation of the frontal cortex
as caused change in deceptive behaviour (e.g., [14]). It was found
hat inhibition of the anterior prefrontal cortex (aPFC) by cathodal
DCS lead to significant within-subject increase of deception. But as
timulation loci were different in their study compared to ours, no
rm conclusions can be made about this. If we assume that anterior
FC inhibition also irradiates to left DLPFC, the results are consistent
ith our findings about left DLPFC inhibition leading to increase in

ying.
An interesting question is whether excitability of the cortex

hanges while subjects are engaged in deception. When motor
ortex sensitivity was tested [18], during the generation of decep-
ive responses excitability was reduced within right hemisphere
nd increased excitability was found in the left hemisphere (com-
ared to the conditions where honest responses were given). If we
ssume that motor cortex and DLPFC are ipsilaterally connected by
xcitatory associations then these results are again at odds with
ur findings. Increased excitability of the left frontal cortex means
ts high functionality, which is the opposite of its inhibited state.
owever, in our study just left-DLPFC inhibition caused increase

n deceptive responses. An ad hoc explanation would assume that
otor cortex excitability augmentation could mean DLPFC inhibi-

ion, but sufficiently good reasons for this conjecture are difficult
o find unless this possibility would be proven in a special study
arried out to test it.

It is no secret that DLPFC is involved in many cognitive and
ffective-cognitive functions such as being a part of attentional net-
orked systems, mediating attentional set shifting, evaluating the
eights of alternate goal-relevant representations, decision mak-

ng, reversal learning, generating naming responses and influencing
erbal fluency, regulating mood and emotional reactions via ipsi-
ateral linking with amygdala, etc. [30–34].  This multifaceted and
niversal role of DLPFC makes it difficult to suggest any highly
pecific theoretical explanations or models for the effects found
n our study. The effects may  be of course mediated by exhaust-
ng readiness or capacity for cognitive control, but because with
ying in our task where perceptual stimuli had to be named and two
esponse variants chosen and reversed from time to time, the num-
er of possible neural mechanisms that influence readiness to lie

n our task and their possible interactions remain too numerous
t present. Future experiments should try to clarify this. As one of
he first steps, instead of the inhibitory effects on DLPFC, facilita-
ory effects could be used to test whether our left–right contrast
ould reverse and left-DLPFC potentiation would increase truth-

elling while right-DLPFC potentiation would increase deceptive
esponses in the spontaneous-lying paradigm.

Increased propensity to produce non-veridical naming
esponses after left-DLPFC stimulation is one of the surpris-
ng results difficult to explain. There is not much to be found in
he published research on slow-paced rTMS of the left DLPFC
hat would directly relate to our experiment. For example Knoch
t al. [24] found significant decrease in counting bias after such
TMS treatment. If we  interpret counting bias as an expression of
ell-learned, automatic responses (like veridical naming in our

tudy) then reduction in counting bias should mean inhibition
f overlearned, automatic responses together with concomitant
ncrease in the likelihood of controlled, less typical responses
like non-veridical naming in our study). This interpretation
f Knoch et al. [24] results makes them consistent with ours.

nother explanation could use the commonly known neurological
egularity in that the two hemispheres typically have a mutual
nhibitory relation – decreased activity or tone in one hemisphere
ncreases activity or tone of the contralateral one and vice versa.
in Research 225 (2011) 209– 214 213

If left-DLPFC is inhibited by rTMS, its own  inhibitory effect on
the right hemisphere (including right-DLPFC) will be weakened
and the natural functionality of the right-DLPFC will be relatively
enhanced. This in turn means that cognitive control as one of the
right-frontal functions will be also strengthened. As a result, lying
as an activity based on controlling (e.g., suppressing or reversing)
the spontaneous responding (e.g., spontaneous truthful naming)
will be more easily produced. Another possibility realized through
an analogous principle of reciprocal inhibitory inter-hemispheric
relations assumes that left-DLPFC inhibition would facilitate the
right-hemisphere fronto-parietal attention network functionality
which for some reason increases likelihood of non-veridical
naming responses.

The effects of cortically localized TMS  need not be necessarily
limited to the cortical area directly under the coil. Stimulating cer-
tain brain region may  exert unintended effects on other regions that
are even more pertinent to the process under examination. Down-
stream remote effects, both excitatory and inhibitory ones can be
possible and even paradoxical effects could happen. Thus, increased
excitability need not necessarily result in improved performance,
but produce just the opposite. Therefore, the interpretations on
causal effects of TMS  exclusively through the TMS-targeted area
should be taken with care. Many systematic studies would be
needed where the causal relevance of an area would be disclosed
step by step. The present study is but one such step providing new
important facts by no means leading to finalized interpretations.
Related to the above stated problem, our study like most of the
published TMS  research has its acknowledged limitations.

The earlier mentioned problems with strong inter-connectivity
and multi-functionality of DLPFC in its relation to other cortical
systems refer to one of the limitations of our study. By DLPFC stim-
ulation some carry-over effect to PC could be present and vice
versa. Although in the methods part we  explained that it is rea-
sonable to assume that the effect of stimulation on the areas under
the TMS  coil should be stronger than the secondary effect on a
remote area (and factually our results supported this conjecture in
a counterbalanced experimental design for control and main areas),
this limitation would be good to overcome in a subsequent study.
Despite that using sham condition typically has its own drawbacks
(ease of discrimination of sham from real TMS  by subjects, confound
with the absence of general magnetic effects, etc.), an experiment
with sham condition against DLPFC stimulation condition should
be able to replicate our basic results in order to increase their gen-
eralizability.

One more limitation of our study may  be related to the uncer-
tainty about how spontaneous and “uncontrolled” the behaviour of
our subjects may  have been. Although they were free to choose the
moment of producing untruthful responses and although it was a
simple naming task without any “mock criminality” involved, the
instruction nevertheless included some control over responding
because it was explained that 100% of the same type of responses
would not be good for the experiment. In extending the present
research one should design procedures where subjects would be
absolutely free in choosing their spontaneous responses. Another
limitation appears when we  would want to use correct versus
incorrect naming behaviour as a valid measure of spontaneous lying
in general. Future research should either use some cross-validation
between our present task and some established task(s) of lying or
study contrasts between performance by a subjects’ sample known
to be liars and a control group known to consist in non-liars.

To conclude, the present work showed that (i) spontaneous
choice to lie more or less in a naming task can be influenced by

brain stimulation; (ii) rTMS applied in advance of the test situ-
ation can be used for changing subjects’ situational disposition
to lie more or to lie less; (iii) right hemisphere DLPFC stimula-
tion in the specific conditions of our setup and design decreased
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