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a b s t r a c t

The present investigation examined the effect of willingness on honest and deceptive responses. Event-
related potentials were recorded while participants made deceptive and honest response that were either
self-determined or forced. Results showed that the reaction time was faster in response to old words
compared to new words and honest responses were faster than deceptive responses. In addition, the
P300 of honest responses was significantly more positive than deceptive responses and a significant
eywords:
illingness

eception
300
2

main effect of willingness indicated that the P300 amplitude, elicited by self-determined responses, was
more positive than forced responses. Moreover, the conflict detection N2 component was significantly
more negative-going in the lying versus honest responses at Cz. The main effect of willingness also
revealed that the forced response evoked a more negative N2 than the self-determined response. These
results suggested that deception may involve conflict detection and that there are significant differences

g bet
onflict detection in neurological processin

s an adaptive social behavior, deception is an important part of
ur daily life. With a recent increased interest in social cognitive
euroscience, a number of investigators have started to explore
he underlying neural mechanisms of deception [18,17,1,8]. How-
ver, one general limitation of these recent paradigms, as stated by
ip et al. [15], is that participants were directed to make deceptive
esponse in laboratory settings. Although this “directed” deception
onstitutes some core elements of deception (e.g., response inhibi-
ion [10,9,11]), the true complexity naturally produced lies remains
nclear.

The present investigation attempts to address this limitation
y examining the influence of willingness on participants’ decep-
ive behavior. In this modified paradigm we asked participants to
espond either deceptively or honestly (deception vs. truth) to two
uccessive words in a trial. Participants were to respond by indicat-
ng whether the word was one they had seen previously (old) or a
ew word (new). The first response was always self-determined,
hile the second response was to be the opposite response of

he first. For example, if a participant responded deceptively in
esponse to the first word, they should be honest in response to

he second word. Since participants were given no choice for their
esponse to the second word it was considered a forced response.

The present study also examined the possible N2-P3 effect when
aking deceptive responses. Previous Event Related Potential

∗ Corresponding author: Genyue Fu, Department of Psychology, Zhejiang Normal
niversity, Jinhua, Zhejiang, China.
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ween forced deception and self-determined deception.
© 2009 Elsevier Ireland Ltd. All rights reserved.

(ERP) deception detection studies have repeatedly demonstrated
that concealing information elicits a considerable P300 and that
this component is a good indicator of deception [2,16,13,12,14]. The
rationale behind the P300-deception detection is that the mem-
orized information will stand out in a series of un-memorized
stimuli. Previous studies have found support for this P300 in
old/new effect. Thus, in the present study, we expect to obtain
the old/new effect by manipulating word type (memorized vs. new
words).

Previous neuroimaging research has found executive function-
ing, as reflected by Anterior Cingulate Cortex (ACC) and lateral
prefrontal activation, as well as Medial Frontal Negativities (MFN)
enhancement, is a key component in deception. However, the
frontal–central N2 component, which is regarded as reflecting con-
flict detection [7,5,6,3], has not yet been reported in ERP deception
studies. As a function of response mode (deception vs. truth), we
hypothesized that the N2 effect would emerge when making decep-
tion responses. Moreover, it remains unclear whether there is a
possible difference between self-determined deception and forced
deception.

To summarize, the goal of the current study was to manipulate
the variable of willingness to deceive (self-determined vs. forced)
and investigate the N2-P3 effect of self-determined and forced
deception.
15 university students (M = 21.18 years, SD = .77; range: 12–22;
6 males) of Zhejiang Normal University in the P.R. China took part
in the experiment. All participants were native Chinese speakers,
with normal or corrected-to-normal vision, non-regular substance
users and currently not under the influence of drugs, alcohol, or

http://www.sciencedirect.com/science/journal/03043940
http://www.elsevier.com/locate/neulet
mailto:fugy@zjnu.cn
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Fig. 1. The experimental procedure of one trial in present study.

sychotropic medications, and free of psychological disorders or
isorders known to affect the CNS (e.g., previous head injury result-

ng in the loss of consciousness). All participants provided informed
onsent prior to the experiment and received ¥ 10 per hour for
articipation.

130 words were selected for stimuli in this study. They consisted
f 65 “old” items (i.e., direct subjects to remember) and 65 “new”
ords (i.e., subjects were not asked to view prior to the experi-
ent). All the words were matched in frequency, emotion value

nd semantic category.
Prior to the experimental session, participants were given a list

f 65 unrelated words to memorize (“old” words). Then a word
ecognition test was given to ensure participants memorized the
ords. Participants did not proceed to the next step until their word

ecognition accuracy was above 95%.
Five new words and five old words were selected from the new

nd old words list for the practice phase and were never presented
n formal experiment. Consequently, there are 60 new and 60 old

ords in experimental phase. All new and old words were pre-
ented 1:1 in three blocks and the order of the first and second
ord was counterbalanced. Four different word-pair categories
ere created (new–new, old–old, new–old, old–new). Each of the

hree blocks included 80 word trials. In each block the ratio of the
our word-pair categories was equal.

Participants arrived at the lab on the day of the experiment. They
emorized 65 words and were tested in an old/new recognition

ask that included all stimuli used in the study.
Following the word recognition test, subjects were taken to the

imly lit room and conducted the practice session with five trials
f deceptive and honest responses. Then the experimental phase
egan with ERP recording. Participants were given the following

nstructions: “Please sit still and pay attention to the stimuli and
udge whether the word is new or old. But please note that: there

re two stimuli in a trial, you should choose by yourself to answer
eceptively or honestly to the first word and then conduct the
pposite response to the second word” (see Fig. 1). Participants
ere also told to ensure the ratio of deception to the first and the

able 1
ean (SD) RT for both new and old words of each condition.

Self-determined deception Self-determined

Old 1367.3 (459.3) 1151.4 (390)
New 1406.1 (481) 1408.5 (497)
tters 467 (2009) 63–66

second word is 1:1. Accordingly, the self-determined response is
defined as either honest or deceptive response to the first word
because participants made the choice themselves and the forced
response is the response to the second word. Participants were
asked to blink only in allotted time window.

Stimuli were presented with E-prime software and displayed in
the center of a monitor at a viewing distance of 60 cm. All words
were written in white on a black background. The inter-stimulus
interval (ISI) ranged from 800 to 1200 ms randomly.

Electroencephalogram (EEG) activity was recorded from scalp
electrodes using a 128-channel Geodesic Sensor Net and Energy and
Geoscience Institute (EGI) software. Electrode impedances were
kept below 50 k� before recording. All recordings were referenced
to Cz, and an averaged reference was calculated offline. Signals were
sampled at 500 Hz and EEG data were filtered using a 0.1–30 Hz
bandpass offline. All incorrect trials (i.e., make truthful or deceptive
response to both words in a single trial) were excluded from further
analysis. Continuous EEG was segmented into four condition-
related stimulus-lock epochs from 100 ms before to 1000 ms after
stimuli: (1) self-determined honesty with truthful response; (2)
self-determined deception with deceptive response; (3) forced
honesty with truthful response; (4) forced deception with decep-
tive response.

We excluded trials with blinking and eye movement artifacts
and trials in which 20 or more channels exceeded a voltage
threshold of 100 �V (absolute) or a transition threshold of 100 �V
(sample to sample). The total artifact-free percent is 88.04%. Cor-
rect, artifact-free trials were averaged for each subject in each
condition, and the data were baseline-corrected 100 ms before
stimulus onset. SPSS 11.0 package is used for statistical analysis
and Analysis of Variance (ANOVA) results were corrected using the
Greenhouse-Geisser procedure whenever the sphericity assump-
tion was violated. In total, 3 subjects were excluded because of
more than 100 bad segmentations, so the results presented here
were based on the remaining 12 participants.

Table 1 contains the behavioral responses of eight different cat-
egories: self-determined deception to old items, self-determined
deception to new items, self-determined honesty to old items, self-
determined honesty to new items, forced deception to old items,
forced deception to new items, forced honesty to old items, and
forced honesty to new items. A 2 willingness (self-determined,
forced) × 2 response (honest, deceptive) × 2 word type (old, new)
ANOVA on RT revealed a significant main effect of response,
F(1,11) = 18.491, p = 0.001, �2

p = 0.627, with participants respond-
ing significantly slower during deception (M = 1380 ms) compared
to honest responses (M = 1271 ms). In addition, a main effect of
word type was found, F(1,11) = 38.672, p < 0.001, �2

p = 0.779, indi-
cating a faster reaction time for old words (M = 1254 ms) than to
new words (M = 1397 ms). No other significant main effects or inter-
actions were found.

Fig. 2 shows the grand averaged ERP waveforms at Fz and Cz. As
shown in Fig. 2, frontal–central ERP activity with a N2-P3 distribu-
tion.

With respect to the N2, a frontal–central negative com-
around 250–300 ms post-stimulus. Considering the longer RT
time in our study, a 250–400 ms post-stimulus time window
was selected for the statistic. A 2 electrode site (Fz, Cz) × 2
willingness (self-determined, forced) × 2 response (deceptive,

honesty Forced deception Forced honesty

1310.2 (344.1) 1186.9 (227.9)
1437.3 (414.3) 1337.3 (286.1)
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Fig. 2. Grand average

rue) × 2 word type (new, old) repeated-measures ANOVA on
2 amplitude revealed a significant main effect of electrode

ites, F(1,11) = 29.326, p < 0.001, �2
p = 0.727, indicating a negative-

oing deflection that was significantly more negative at Cz
M = −3.223 �V) than Fz (M = 0.841 �V). A main effect of willingness
as also found, F(1,11) = 11.537, p < 0.02, �2

p = 0.512, indicating

hat forced responses (M = −1.898 �V) elicited a significantly more
egative N2 than self-determined responses (M = 1.898 �V). A sig-
ificant main effect of response, F(1,11) = 5.959, p < 0.05, �2

p =
.351, demonstrated that deceptive responses (M = −1.367 �V)
voked a more negative N2 than honest responses (M = −1.015 �V).
eforms at Fz and Cz.

The main effects of electrode sites and response were qualified
by a significant interaction, F(1,11) = 3.549, p < 0.05, �2

p = 0.324.
Follow-up analyses revealed that the N2 of deceptive response
(M = −3.534 �V) was significantly more negative than honest
response (M = −2.911 �V) at Cz, F(1,11) = 19.396, p = 0.001, �2

p =
0.638, while there was no significant difference at Fz.
P300 is also known as the Late Positive Component with the
peak amplitude from 400 ms to 800 ms after stimulus onset. Build-
ing on the N2 effect, we select the 400–800 ms time window
for P300 at Fz and Cz. A 2 electrode site (Fz, Cz) × 2 willingness
(self-determined, forced) × 2 response (deceptive, true) × 2 word
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ype (new, old) repeated-measures ANOVA on the P300 amplitude
evealed significant main effects of electrode sites [F(1,11) = 12.594,
< 0.01, �2

p = 0.534], willingness [F(1,11) = 12.412, p < 0.01, �2
p =

.54], response [F(1,11) = 22.594, p < 0.005, �2
p = 0.673] and word

ype [F(1,11) = 6.472, p < 0.05, �2
p = 0.370]. The electrode sites

ffects showed that the P300 amplitude over Fz (M = −0.702 �V)
as larger than Cz (M = −4.66 �V). The significant main effect

f willingness indicating than the P300 amplitude elicited by a
elf-determined response (M = 3.031 �V) was more positive than a
orced response (M = 2.331 �V). The main effect of response showed
hat an honest response (M = 3.622 �V) was more positive than a
eceptive response (M = 1.74 �V). Moreover, old words evoked a
300 amplitude (M = 2.895 �V) that was more positive than new
ords (M = 2.467 �V). No significant interactions were found.

The behavior results showing that overall deceptive responses
ere associated with slower RTs than honest responses confirmed

he results of Johnson et al. [9]. In addition, the EEG results demon-
trating that deception involved larger N2s (at Cz) and smaller P300
at Fz and Cz) was consistent with the general conclusion that
eception requires both response inhibition and a greater work-

oad.
Our findings prove support for the validity of the P300 ampli-

ude to distinguish between deception and the truth regardless
f stimulus type or willingness. Consistent with previous studies
12,19], the deception-related P300 was less positive than hon-
st response over frontal–central sites and the P300 of old words
as significantly more positive. Our findings also suggest self-
etermined responses elicited more positive P300 than forced
esponse, especially to new words. Two factors could contribute to
hese differences in P300s. First, self-determined responses were

ade in response to the first words, which may have been more
ovel than the second words (forced response). This novelty could
ave resulted in a more positive P300. Another possible explana-
ion is that, upon the presentation of the second words (forced
esponse), participants are required to respond in a specific manner,
his may have placed a higher cognitive workload on the response
nhibition process compared to the first stimulus.

As an index of participants’ conflict detection, the N2 elicited by
eceptive response was found to be more negative than the honest
esponse. In addition, the forced response was more negative than
elf-determined response, possibly due to an increased response
nhibition process. These results are closely related to the P300
esults and can also be explained by the response conflict associate
ith an increased workload. These results are also consistent with
rior work demonstrating that deceptive response need more exec-
tive control process which can be reflected in N2 through conflict

nhibition [7,5,4]. Combined with the P300 results, the more nega-
ive N2 amplitude pattern of the forced response may involve more
onflict control than self-generate responses. The results showed
hat forced responses are linked to larger N2 and smaller P3 which

ay also indicate that the ecological validity of the lie detection
tudies using “directed lies” could be harmed in field use where
he lies are self-determined. However, the present study did not
nd a willingness interaction with the response. Further research

s needed to clarify whether there is a possible mechanism for dif-
erent types of deception and possible interaction effects between
esponse type and willingness to deceive.
In conclusion, the present findings demonstrated that the P300
eflected the old/new effect and was related to mental workload.
n addition, deceptive responses are associated with more negative
2 (central) and less positive P300 (frontal–central), which was

ndependent of the effect of willingness. Moreover, our investiga-

[

tters 467 (2009) 63–66

tion revealed that forced deception and forced honesty are related
to a more negative N2 and less positive P300 than self-determined
deception and honesty. Together, these behavioral and ERP findings
are consistent with the concept that making deceptive statements
increases response conflict and involves a higher cognitive work-
load, especially for forced response.
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