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Abstract

People prefer to lie using altered truthful events from memory, perhaps because doing so can increase their credibility while
reducing cognitive and working memory (WM) load. One possible way to counter such deceptive behavior is to track WM usage,
since fabricating coherent lies or managing between truth and lies is likely to involve heavy WM load. In this study, participants
memorized a list of words in the study session and used these old words to provide deceptive answers when cued later, in the
testing session. Our behavioral results showed that people needed more time to make a deceptive response during the execution
stage, and this prolonged deceptive reaction time (RT) was negatively correlated with each participant’s WM capacity. Event-
related potential findings showed a more negative-going frontal amplitude between the lie and truth conditions during the
preparation stage, suggesting that WM preparatory processes can be detected long before a deceptive response is verbalized.
Furthermore, we observed a larger positive frontal-central amplitude during the execution stage, which was negatively correlated
with participants’ lie-truth RT differences, suggesting that participants’ efficiency in producing deceptive responses can be
readily traced electrophysiologically. Together, these findings suggest that WM capacity and preparation are crucial to efficient
lying and that their related electrophysiological signatures can potentially be used to uncover deceptive behaviors.
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The ability to deceive others is a result of complex interactions
between different cognitive faculties and is arguably one of the
hallmarks of cognitive development (e.g., Talwar & Lee, 2002).
Decades of psychological research from an information-
processing approach have made it possible for researchers to
look into the inner workings of these various cognitive mecha-
nisms, and thereby to detect lies by tracking these cognitive
processes that occur behind the scenes. For example, although
deception is hard to detect even with cutting-edge neuroscientif-
ic tools, decoding memory traces from neural signals is less
cognitively complex and perhaps less difficult to monitor (e.g.,
Chadwick, Hassabis, Weiskopf, & Maguire, 2010). Therefore,
by using our existing knowledge of the cognitive or
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electrophysiological components behind deception, it is possible
to spot lies by detecting recognition memory. Excellent exam-
ples of tools for such work are the Guilty Knowledge Test
(GKT) and the Concealed Information Test (CIT).

Detecting concealed information

Most of the lie detection studies to date have focused on infor-
mation concealment, and in this regard the field has made great
progress. In this context, the goal is to dig out traces (electro-
physiological, memory, or behavioral) of critical knowledge that
the participants or suspects deny having. In the GKT, such mem-
ory traces can be verified by computing the differences in reac-
tion times (RTs) or P300 amplitudes between three kinds of
items: target, irrelevant, and probe. Participants perform a binary
judgment task, in which they are instructed to press the “yes”
button when the word or picture on the screen is a known item
(i.e., target), or to press “no” button when the word is not known
(i.e., irrelevant) or crime-related (i.e., probe). The rationale is that
the investigators actually know the ground truth for both target
and irrelevant items, hence they serve as appropriate baselines
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for known and unknown responses that the probe response can
be compared against. Using this setup, Seymour, Seifert,
Shafto, and Mosmann (2000) first reported slower RT for the
probes than irrelevant items, suggesting that denial of meaning-
ful probe information requires extra stages of inhibitory pro-
cessing. A discriminant function analysis also correctly classi-
fied 89% of the guilty participants and 100% of the innocent
participants. Combining GKT with event-related potentials
(ERPs), Farwell and Donchin (1991; see also Rosenfeld,
Angell, Johnson, & Qian, 1991) used an oddball paradigm
and designed crime-related information as a deviant (low-
frequency) stimulus for the suspects, since innocent participants
do not have the knowledge to tell them apart from a standard
(high-frequency) irrelevant stimulus. They observed a larger
P300 component at the parietal region in the guilty over inno-
cent participants. Since then, the P300 amplitude has been
regarded as an index of recognition memory in GKT that can
be used to infer deception, and its protocols and parameters
have been optimized to work against countermeasures
(Rosenfeld et al., 2008).

Following the same logic, other variations of the memory
task have also been used to take advantage of recognition
processes (Browndyke et al., 2008; Johnson, Barnhardt, &
Zhu, 2003, 2004; Tardif, Barry, Fox, & Johnstone, 2000;
van Hooff, Brunia, & Allen, 1996). In one study by Tradif
et al., participants were instructed to feign memory impair-
ment in order to mimic what often happens in medical settings
for financial gain. Participants performed a recognition mem-
ory task and had to discriminate whether a word was old (i.e.,
seen in the study phase) or new (not seen in the study phase).
The authors found that truth-telling participants had a larger
positive amplitude to old words at 450 ms after word onset,
and interestingly, that the malingering group had an even ear-
lier old—new difference (0- to 450-ms window) from the left
frontal region, even though such a pattern was not present in
the control group. In another study, Wu, Hu, and Fu (2009)
demonstrated that the P300 can be useful in detecting both
forced and self-directed lies (though the magnitude of the
component is smaller in forced lies). Finally, researchers have
also observed a larger deception-related contingent negative
variation (CNV) component—which is indicative of anticipa-
tion and response preparation—around the 1,000-ms window
when participants had to deny recognition of familiar target
faces (Fang, Liu, & Shen, 2003) or knowledge of a mock
crime (Suchotzki, Crombez, Smulders, Meijer, &
Verschuere, 2015), identify fake banknotes as genuine (Sun,
Mai, Liu, Liu, & Luo, 2011), and rate an unattractive face as
attractive (Dong, Wu, & Lu, 2010). These results imply that
some preparatory processes that separate deceptive from
truth-telling participants can start as early as before the 400-
ms window, or as late as around the 1,000-ms window, which
then propagates to later time intervals, such as response
execution.
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Truth-based lying, cognitive load, and working
memory

Beyond the concealment of truth, lies that involve partial truth
(i.e., lies that are somewhat fact-based instead of pure fabrica-
tion) or misleadingly formulated truth are also frequently used
in interviews or interrogations (e.g., Leins, Fisher, & Ross,
2013). This scenario would be applicable to the interrogation
that would take place after a culprit has been outed by a suc-
cessful GKT: Imagine that an interrogatee confesses upon
seeing his or her GKT results; the logical next step is to extract
useful information, such as identification of culprits, aliases,
and so on. However, although pictures of culprits can be iden-
tified via the GKT or variants of the implicit association task
(Verschuere, Suchotzki, & Debey, 2015), the interrogatee can
still lie about recognized faces, photos, or keywords, especial-
ly with partially truthful stories, in order to lead the investiga-
tion astray (e.g., “Yes I know him, but his name is Sam, not
John,” “He is an acquaintance from somewhere else, not a
member of the group,” etc.). Indeed, in one study by Leins
et al.,, 67% of the participants chose to use their previous
truthful experiences to construct their lies, and that number
went up to 86% when the participants were informed that
the interviewer would check the credibility of their reports.
Therefore, deception can be achieved even with truthful
events from memory, if such memory is, for instance, narrated
in a misleading way, with intentionally omitted (but impor-
tant) details, or perhaps falsely coupled with other truthful but
nonapplicable information (e.g., wrong time, place, etc.).
From the Leins et al. study, such truth-based lies seemed to
be people’s preferred choice to increase the credibility of their
lies. This is perhaps because truth-based stories can minimize
people’s working memory (WM) load, as it would be too
much information to maintain if one were to invent an entire
event from scratch. Furthermore, lies in this category often
involve spoken lies that are complex and elaborate, rather than
simple denial or binary yes—no answers.

In the context of such truth-based and slightly more elabo-
rate lies that are meant to mislead, recognition memory para-
digms are less fitting, since recognition is already confirmed.
However, WM usage may be a viable approach to investigat-
ing this type of lie. This is because fabricating lies takes time
and requires constant WM maintenance in order to stay co-
herent as the number of scripts increases. Even for truth-based
lies, the contents and details need to be weaved in a way that is
internally consistent (Granhag & Hartwig, 2008), externally
consistent (i.e., consistent with what the interrogator knows;
DePaulo et al., 2003), and multimodal (i.e., depicting visual,
verbal, or other nonverbal events; Vrij, Mann, Leal, & Fisher,
2010). This places greater cognitive load on liars, because
truthful events from episodic memory are recalled and placed
in the episodic WM buffer (Baddeley, 2000) for further pro-
cessing and verbalization, and thus should involve greater
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engagement from the central executive. This idea is captured
well by the activation—decision—construction model (ADCM),
proposed by Walczyk, Roper, Seemann, and Humphrey
(2003) to account for the extra number of stages of processing
behind lying. In this model, the difference between truth-
telling and lying occur in the decision and construction stages,
where the interrogatee has to decide or remember whether or
not to lie, and if so, to construct a plausible reply, all of which
are extra cognitive processes that truth-telling does not entail.
Specifically, the decision component involves remembering
relevant context and deciding whether or not to lie (i.e., deci-
sion making), whereas the construction component requires
attention in order to construct a coherent response and prevent
utterance of the truth (i.e., inhibitory control), all of which are
notable elements of Baddeley’s WM model. In the context of
real-life scenarios, the decision-making component would be
applicable to situations in which the interrogatee has to with-
hold the script until the question is heard. If it is then more
advantageous to tell the truth, the rehearsed lie in WM has to
be suppressed (i.e., the construction component). Indeed, re-
cent studies have begun to demonstrate WM as a series of
processes that requires maintenance, decision making, and
inhibitory control, as opposed to maintenance alone (e.g.,
Unsworth, Fukuda, Awh, & Vogel, 2014; see Johnson et al.,
2004, for an example in deception). In this study we aimed to
investigate the impact of these processes, by separating them
temporally into the preparation stage (i.e., maintenance) and
the execution stage (decision and inhibition), which we de-
scribe in more detail below.

In light of the differences in cognitive load between truth-
telling and lying, it makes sense that this load-based approach
has been gaining support lately and has also been implement-
ed by inducing cognitive load on participants (e.g., Vrij,
Fisher, Mann, & Leal, 2006; for a review, see Walczyk,
Igou, Dixon, & Tcholakian, 2013). Notably, in a series of
studies by Vrij and colleagues (Vrij, Fisher, Mann, & Leal,
2008; Vrij & Granhag, 2012; Vrij, Mann, et al., 2008; Vrij et
al., 2010), these authors found that load-inducing techniques
such as asking unanticipated questions, maintaining eye con-
tact with the interviewer, recalling events in reverse chrono-
logical order, and dual-tasking can all produce more behav-
ioral clues to deception, such as increased numbers of eye
blinks and speech errors and hesitations. Therefore, to detect
spontaneous or truth-based deception beyond the level of rec-
ognition memory, WM usage and load may be useful mea-
sures for doing so.

The present study

In the present study, we aimed to investigate the behavioral
and neurophysiological markers of lying by tracking WM
usage instead of inducing cognitive load. The task here
presents a simplified version of the misleading lies that

are often used during an interrogation. Instead of inducing
cognitive load in participants, here we passively monitored
people’s WM usage as they performed the deception task.
As such, we expected to see a wide range of individual
differences in performance on the deception task. But, cru-
cially, we hypothesized that such variability in performance
should be related to people’s WM capacity. To do this, we
measured each person’s verbal and visual WM capacity in
two separate tasks, and we expected to find a correlation
between people’s WM scores and their performance on the
deception task. This relationship should also be true for the
electrophysiological data.

In this task, participants first went through a study phase of
ten words per block, which constituted the factual words they
would later use for lying. In the testing phase, participants
were cued to either lie or tell the truth using the words they
had previously committed to memory in the study phase.
Crucially, in the deception trials, participants would see a fa-
miliar word on screen (i.e., a word from the study phase), but,
instead of denying having seen it before (i.e., a pure denial lie),
participants had to lie about the word identity by saying an-
other truthful word from memory (i.e., a truth-based lie).
Therefore, the participants were lying using actual materials
from memory and from the same event (i.e., the study phase),
but in an incorrect or deceptive manner. With this setup we
aimed to mimic situations in which the suspect needs to keep
several factual answers or truth-based scripts ready in WM,
which would allow us to investigate the cognitive load and
individual differences behind this type of truth-based decep-
tion. Furthermore, to investigate the effects of the different
components of WM, each trial was structured to consist of a
preparation (i.e., WM maintenance) and execution (i.e., WM
decision and inhibition) stage, so that our event-related poten-
tials (ERPs) could be contextualized in terms of the cognitive
processing that was going on at the time.

Method
Participants

Twenty-seven participants were recruited in this experiment
(14 females, 13 males; mean age = 24.67 years). All partici-
pants have no previous neurological history, and have normal
or corrected-to-normal vision. All experimental procedures
were approved by the Institutional Review Board of the
Taipei Medical University, Taiwan, and all participants gave
informed consent prior to their participation. No participants
were excluded from analysis of the behavioral data, but three
were excluded from the ERP analysis due to too many ocular
artifacts in their EEG data (retained for ERP analysis: 11 fe-
males, 13 males; mean age = 24.67 years).
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Task and procedures

In this experiment, participants first performed the main de-
ception task, then performed two separate complex WM span
tasks—the operation span and symmetry span tasks (short
version; Foster et al., 2015), which were designed to measure
each participant’s verbal and visual WM capacity,
respectively.

The main task consisted of 20 blocks, and each block
was composed of two phases: a study phase and a test phase
(Fig. 1). During the study phase, ten words were displayed
sequentially (5 s per word, with a 1-s interstimulus inter-
val), and the participants were instructed to memorize as
many of the words as possible. There were a total of 242
words (22 practice, 220 formal session), and all were two-
character concrete nouns that were controlled for frequency
of usage using the Academia Sinica Corpus (Chen, Lo, Liu,
& Cheng, 2016; Huang, Ahrens, & Chen, 1998).

During the test phase, each test phase contained six trials,
which began with either a lie or truth color cue (3 s; prep-
aration stage), followed by a blank interval (1 s), and finally
the target word (5 s; decision and execution stage). The
color cues were red and green for lie and truth, respectively,
for 18 participants, and these colors were reversed for the
remaining nine participants. Participants had to say their
response to a microphone, with their vocal response laten-
cies being recorded using E-Prime and their accuracies cal-
culated by the experimenter. Upon seeing the target word,
participants had three types of responses to make. New
words (i.e., target words that had not been part of the ten-
word study list) were always catch trials, and participants
simply had to say “didn’t see” upon seeing a new target
word, regardless of the cue that preceded it. This was done
to mimic the occasional occurrences in which, despite one’s
intention and preparation to lie, suspects sometimes switch
to truth-telling upon hearing a harmless question. That is, a
liar can prepare multiple scripts in WM, but the final deci-
sion to lie or tell the truth is not decided upon until one hears
the interrogator’s question, which would be akin to our
word on the screen during the execution stage. In the truth
condition, if a prestudied target word appeared on screen,
participants were instructed to simply say the word’s true
identity (e.g., the word “desk” in Fig. 1). Critically, in the lie
condition, upon seeing an old word, participants had to lie
about its identity by saying another old word from memory
(e.g., substituting “desk” with “phone” in Fig. 1). This was
done to mimic the situations in which an object, name, or
script from the same cohort as the target is used to achieve a
credible lie. In summary, there were three types of re-
sponses for the four conditions: truth cue and old target
word (truth old; i.e., say the target word as is), lie cue and
old target word (lie old; i.e., lie with another, unused old
word), truth cue and new word (¢#ruth new; respond “didn’t
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see”), and lie cue and new word (/ie new; respond “didn’t
see”). To prevent the participants from saying the same old
word in every lie trial, they were told to use each old word
only once while lying. The time limit for responding to the
target word was 5 s, until the word’s offset. At the end of the
study phase, there was a 10-s waiting period before the test
phase began.

In each test phase there were six trials, one of which was
a catch trial (i.e., a new target word). The remaining five
trials were all old words, consisting of three truth old and
two lie old trials in ten blocks, and three lie old and two
truth old trials in another ten blocks, all presented in ran-
domized order (at both the trial and block levels). This ratio
created a medium level of difficulty, and not all ten words
from the study phase were exhaustively used. Before the
formal session began, participants completed two practice
blocks in order to familiarize themselves with the task. The
total time required to complete the main task was about 40
min.

Independent WM measures

After the main task, participants then completed two more
WM tasks, the operation span and symmetry span tasks
(Foster et al., 2015), which were designed to measure ver-
bal and visual WM capacity, respectively. In both span
tasks, the to-be-remembered letter (operation span) or lo-
cation (symmetry span) and distractors appeared alternate-
ly in a sequence (Fig. 2). The numbers of to-be-
remembered items and distractors varied between two
and seven in each trial, in random order. In the operation
span task, letters were to be remembered in correct order,
while distracting mathematical statements (participants had
to judge whether the statement is true or false) appeared
between the letters. In the symmetry span task, the loca-
tions of a red square in a 4x4 grid were to be remembered
and recalled in correct order, while symmetrical or asym-
metrical figures appeared in between (participants had to
judge whether or not the figure was symmetrical along the
vertical axis). When participants finished the span tasks,
the partial scores were calculated by summing the number
of letters or blocks that were recalled correctly, such that
the highest score in both tasks was 25 (sum of spans 3, 4, 5,
6, and 7). Therefore, a score of 25 indicated that the par-
ticipant has not made a single error in recalling any of the
stimuli.

Electroencephalography recording

EEG was continuously recorded from 64 Ag/AgCl elec-
trodes (following the 10/20 system) with a reference elec-
trode between Fz and Cz. All electrodes were mounted on a
BrainCap electrode cap (Brain Products GmbH, Munich,
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Fig. 1 Experimental procedure. Participants had to use pre-studied words to lie in the lie old condition (bottom row). Note that the actual experiment
consisted of two-character Chinese nouns that were equated in length and usage frequency, and the English display here is for illustration only.

Germany). All signals were amplified using the BrainAmp
amplifier (Brain Products, Munich, Germany). The signals
were digitized at a sampling rate of 1000 Hz. Two sets of

Operation Span (Verbal WM)

electrodes were placed on the upper and lower sides of the
right eye and on the canthi of both eyes, to measure partic-
ipants’ vertical and horizontal eye movements.

Distractor Memory
S|P F|H
2X2-4=3 P 2X6+1=13 S e
R|IV|W|O
Time Recall
Symmetry Span (Visual WM)
Distractor Memory
| [ ]
HH |
Time Recall

Fig. 2 Procedure of the operation span and symmetry span WM tasks. The memory materials were interleaved with distractor tasks (judging whether a
mathematical statement was true vs. judging whether the block figure was symmetrical between left and right).
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ERP data analysis and averaging

Eye blinks in the EEG data were corrected using the linear
regression method in the Brain Vision Analyzer 2.1 software
(Gratton, Coles, & Donchin, 1983). The continuous oculo-
corrected EEG data were first offline re-referenced to the av-
erage of the electrodes at the left and right mastoids (M1 and
M2). The EEG data were then segmented into epochs from
200 ms before stimulus onset to 1,000 ms after stimulus onset.
A digital low-pass filter of 30 Hz (24 dB/octave) was applied
to filter out high-frequency noise. Baseline correction was
executed using a prestimulus interval (200 ms). Epochs with
artifacts fluctuating over + 70 'V or with incorrect verbal
responses were rejected. The remaining trials [averaged num-
bers of trials: for the preparation stage—lie = 43.88 (SE =
1.71), truth = 49.88 (SE = 1.67); execution stage—Tlie old =
37.96 (SE = 1.02), truth old = 43.25 (SE = 0.99), lie new =
9.04 (SE =0.21), truth new = 9.38 (SE = 0.22)] were averaged
according to stimulus type. Each trial was divided into two
segmented epochs including cue-locked (i.e., preparation
stage) and target-locked (i.e., decision and execution stage)
waveforms. There were two stimulus types (truth and lie) in
cue-locked waveforms. In target-locked waveforms, there
were four stimulus types: the truth old, lie old, truth new,
and lie new conditions. Since the purpose of the experiment
was to probe deceptive preparation and execution, we mainly
compared the ERPs from the lie condition to the truth condi-
tion. Moreover, the memory old—new effect was investigated
as well, by comparing the ERPs between the truth old, truth
new, lie old, and lie new conditions. Three scalp regions were
chosen to perform the statistical analysis, creating the within-
subjects factor of anterior—posterior electrode: frontal (F3, FZ,
F4), central (C3, CZ, C4), and parietal (P3, PZ, P4) regions.
Another within-subjects factor was laterality: left (F3, C3, P3),
middle (FZ, CZ, PZ), and right (F4, C4, P4).

Results
Behavioral results

Participants’ RTs were analyzed with a repeated measures 2x2
ANOVA with cue type (lie vs. truth) and target type (old vs.
new words) as within-subjects factors. The RT and accuracy
results are visualized in Fig. 3. Note that the new words here
included both the lie new and truth new words. There was a
significant main effect of cue type [F(1, 26) = 37.675, p <
.001], a marginally significant effect of target type [F(1, 26)
= 3.949, p = .058], and, critically, a significant interaction
between cue type and target type [F(1, 26) = 27.376, p <
.001]. This interaction was driven by the longest RTs occur-
ring in the lie old condition (1,405.12 ms), as compared to
much shorter RTs in the truth old condition (1,082.13 ms).
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Moreover, the RTs in the lie new condition (1,182.16 ms)
and the truth new condition (1,157.77 ms) were not signifi-
cantly different. [lie old vs. truth old: #26) = 6.387, p < .001,
lie new vs. truth new: #26) = 0.940, p = .356].1

The accuracy data were also submitted to a repeated mea-
sures 2x2 ANOVA with cue type (lie vs. truth) and target type
(old vs. new words, where the new words included both the lie
new and truth new words) as within-subjects factors. We
found significant main effects of cue type [F(1, 26) =
51.677, p < .001] and target type [target type: F(1, 26) =
100.059, p < .001], as well as an interaction between them
[F(1,26)=20.218, p <.001]. The mean accuracy in the lic old
condition (80.07%) was significantly lower than the mean
accuracy in the truth old condition (92.00%) [lie old vs. truth
old: #26) = — 7.359, p < .001], and there was no significant
difference between the lie new and truth new conditions [lie
new: 97.04%; truth new: 98.89%; lic new vs. truth new: #(26)
=—1.412, p = . 170], which reflects the same pattern as we
observed in the RT data.”

The averages of the participants’ partial scores in the oper-
ation span task and symmetry span tasks were 22.26 and
11.33, respectively. We performed a Pearson correlation anal-
ysis between these partial scores and participants’ behavioral
performance in the main memory-based task (in RTs and ac-
curacy). This was done to probe whether WM is an important
contributor to the underlying processes of such truth-based
verbal deception. If so, is visual WM, verbal WM, or both
important to the task at hand? To this end, we observed a
significant correlation between participants’ RTs from the lie
old condition and their operation span (verbal WM) perfor-
mance [r = — .552, p = .003], but not for their symmetry
performance (visual WM) [r =.070, p = .727], and this differ-
ence was significant using Pearson and Filon’s (1898) z [z =—
2.6367, p = .0084]. Therefore, verbal WM is particularly rel-
evant to the mental effort in formulating truth-based lies.
Importantly, when we computed the difference in RTs be-
tween the lie old and truth old conditions, this difference
(i.e., the time cost for lying) was also negatively correlated
with participants’ verbal WM scores [r = — .608, p = .001],
but it did not correlate with visual WM scores [r = .189, p =

! Because three participants were excluded from our ERP analyses, we also
analyzed the remaining 24 participants’ behavioral data, to make sure that all
patterns remained the same.

In RTs, a 2x2 ANOVA revealed a significant main effect of cue type [F(1,

23)=33.469, p < .001], a marginally significant effect of target type [F(1, 23)
=3.105, p = .091], and a significant interaction between cue type and target
type [F(1, 23) = 27.715, p < .001]. The mean RT in the lie old condition
(1,404.03 ms) was again significantly slower than the mean RT in the truth
old condition (1,074.44 ms) [#(23) = - 6.325, p <.001].
% In the smaller sample (n = 24), a 2x2 ANOVA showed significant main
effects of cue type [F(1, 23) = 43.442, p < .001] and target type [target type:
F(1,23)=94.393, p < .001], as well as an interaction between them [F(1, 23) =
17.268, p < .001]. The mean accuracy in the lie old condition (79.83%) was
again significantly lower than the mean accuracy in the truth old condition
(91.83%) [1(23) =—6.720, p < .001].
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Fig. 3 Behavioral results of the memory-based task. The accuracy and RT from the lie old condition were significantly different from all other

conditions.

.344; Pearson and Filon’s z: z = — 3.6179, p value = .0003].
The correlation remained significant if we eliminated the par-
ticipant from the upper left corner (of Fig. 4) using a more
stringent outlier criterion [ = — .467, p = .016]. These results
suggest that people with higher verbal WM capacity are faster
liars that have lower RT costs (Fig. 4). Note that the highest
score in the verbal WM task was a score of 25; therefore, the
correlation might have been stronger if some of the high per-
formers could have scored higher for operation score.

In terms of accuracy, the overall accuracy of the main task
was not correlated with any of the WM scores. However, if we
look at the progression of accuracy from Trial 1 to Trial 6 in
each block, it is quite clear that accuracy started to decrease
from Trials 4 to 6 (Fig. 5, upper panel), presumably because
participants had exhausted those truth-based words they could
remember well. Therefore, later trials in the block, such as
Trials 4-6, might be more telling in terms of whether an indi-
vidual can hold multiple accounts or scripts in his or her mind.
Indeed, a significant correlation between accuracy and verbal
WM [r=.383, p=.049], and not for visual WM [r=.157, p =
.434; Pearson and Filon’s z: z = 2.1122, p = .0347], emerged
when we looked only at the accuracy from Trials 4 through 6
(Fig. 5, lower panel).

ERP results

Each trial was divided into two stages: preparation and exe-
cution. These two stages were time-locked to cue onset and
target onset, respectively. The assumption was that during the
preparation stage, participants had to come up with a few
legitimate words in the lie condition, and in the executions
stage they had to look at the target first and then decide

3 In the smaller sample (n = 24), we observed a significant correlation between
participants’ RTs from the lie old condition and their operation span perfor-
mance [r=—.521, p =.009], but not their symmetry performance [»=.015,p =
.946]. The differences in RTs between the lie old and truth old conditions was
also negatively correlated with participants’ operation span scores [ =—.593,
p =.002].

whether to execute their prepared deceptive response or to tell
the truth.

Preparation stage To explore the neural processes behind the
preparation stage, a repeated measures 2x3x3 ANOVA with
cue type (lie vs. truth), anterior—posterior electrode (frontal vs.
central vs. parietal regions), and laterality (left vs. middle vs.
right) as within-subjects factors was conducted. The Geisser—
Greenhouse correction was applied to repeated measures with
more than one degree of freedom. The main effect of cue type,
the interaction between cue type and laterality, and the three-
way interaction were not statistically significant. But there
was a significant interaction between cue type and anterior—
posterior electrode [F(2, 46) = 7.782, p = .004]. Separate com-
parisons of cue type showed that the amplitude of negative-
going waveforms was larger in the lie condition than in the
truth condition between 500 and 900 ms (Fig. 6, highlighted
window) after lie—truth cue onset, but only in the frontal re-
gions [frontal: #23)=2.137, p = .043; central: #(23) =—0.736,
p = .469; parietal: #23) =— 0.657, p = .518], which consisted
of F3, Fz, and F4. This possibly reflects the WM processes of
maintaining multiple old words before the participants
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Fig.4 Correlation between the RT cost of lying and verbal WM capacity.
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Fig. 5 Correlation between mean accuracy from Trials 4-6 and verbal WM capacity. This correlation suggests that participants with higher verbal WM

capacity can lie with fewer errors.

actually see the target word, although we did not observe any
significant correlation between the frontal amplitude and par-
ticipants’ verbal WM capacity (frontal: » = — .248, p = .243).

Execution stage For the execution stage, we mainly compared
waveforms between the lie old and truth old conditions, ex-
cluding the catch trials. We found a significant main effect of
cue type [F(1, 23) = 4.504, p = .045], due to a more positive
amplitude in the lie old condition than in the truth old condi-
tion, from 300 to 550 ms after target onset. The interaction
between cue type and anterior—posterior electrode was also
significant [F(2, 46) = 19.285, p < .001], mainly because the
lie—truth difference in the 300-ms to 550-ms window was
mostly prominent in the frontal [#23) = — 2.981, p = .007]
and central [central: #(23) =—2.494, p = .020] regions, but not
in the parietal region [parietal: #23) = — 0.555, p = .584]
(Fig. 7, left panel). Both the two-way interaction between
cue type and laterality and the three-way interaction were
not statistically significant [two-way: F(2, 46) = 0.830, p =
.436; three-way: F(4, 92) = 2.206, p = .109].
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In contrast with the frontal amplitude from the preparation
stage, here we actually observed a significant correlation be-
tween participants’ frontal and central amplitude and their
behavioral performance (Fig. 7, right panel). Specifically,
frontal and central amplitudes within the 300- to 550-ms win-
dow were used for the analysis, and they significantly corre-
lated with the RT cost associated with lying (frontal: » = —
426, p = .038; central: » = — .441, p = .031), as well as with
participants’ verbal WM capacity measured by the operation
span task (frontal: » = .417, p = .043; central: » = .405, p =
.049). Tt is worth noting, however, that the correlation with the
RT cost was not observed when we used the difference in ERP
amplitudes between the lie old and truth old conditions (fron-
tal: r=—.086, p =.691; central: r=—.038, p =.861). Together,
the positive correlation between ERP amplitude and WM ca-
pacity and the negative correlation between ERP amplitude
and RT cost seem to suggest that participants with larger fron-
tal and central amplitudes in the lying condition were high
performers who were faster in generating a deceptive
response.
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Fig.6 Waveforms in the lie and truth conditions during the preparation stage. All graphs depict averaged amplitudes from three electrodes (e.g., F3, FZ,
and F4 for the frontal region). A significant difference between the two conditions occurred at the frontal region between 500 and 900 ms.

Old-new recognition memory effect Although old—new rec-
ognition memory was not the main focus of the present study,
our design did allow for old—new comparisons, to see whether
memory traces existed for previously studied items. To this
end, we analyzed waveforms between the old and new condi-
tions to see whether previously seen words could still be
traced electrophysiologically.

We first compared the truth old and truth new conditions
via a three-way repeated measures ANOVA with old—new
condition, anterior—posterior electrode (frontal vs. central vs.
parietal region), and laterality (left vs. middle vs. right) as
within-subjects factors. There was a significant old-new main
effect [F(1, 23) = 5.596, p = .027], a significant interaction
between anterior—posterior electrodes and old—new condition
[F(1, 23) = 26917, p < .001], and a significant three-way
interaction [F(4, 92) = 5.164, p = .002]. The interaction be-
tween old—new and laterality was not statistically significant
[F(1, 23) = 0.101, p = .887]. In contrast to the WM-related

frontal effects reported above, separate comparisons showed
that the words from the old and new conditions were statisti-
cally different at parietal (Fig. 8), but not at frontal and central,
regions within the 350- to 650-ms window [P3: #(23) = 5.092,
p <.001; PZ: ©23) = 4.247, p < .001; P4: #(23) = 3.690, p =
.001]. This contrast was particularly strong at P3, which was
similar to the left parietal old—new ERP effect in the memory-
retrieval literature (e.g., Curran, 2000).

The same three-way ANOVA was also conducted for the
lie old versus either the lie new or the truth new condition.
Here we found a significant main effect of condition [vs. lie
new: F(1, 23) = 14.542, p = .001; vs. truth new: F(1, 23) =
11.822, p = .002], a significant interaction between condition
and anterior—posterior electrode [vs. lie new: F(1, 23) =7.582,
p=.007; vs. truth new: F(1,23)=6.163, p=.016], and finally,
a significant three-way interaction [vs. lie new: F(4, 92) =
2.896, p = .042; vs. truth new: F(4, 92) = 3.349, p = .021].
In the cases of both interactions, separate comparisons showed
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Fig. 7 Waveforms during the execution stage (left panel) and their
correlations with participants’ verbal WM capacity (right panel). All
graphs and correlations depict averaged amplitudes from three
electrodes (e.g., F3, FZ, and F4 for the frontal region). There is a
notable difference in ERP amplitudes between the lie and truth

that the strongest difference between old and new within the
350- to 650-ms window occurred at P3 [vs. lie new: #23) =
5.357, p < .001; vs. truth new: #(23) = 4.161, p < .001].
Therefore, regardless of which new condition (truth new or
lie new) was used to contrast with the lie old condition, the left
parietal old—new effect was quite robust, implicating a GKT-
like recognition memory effect upon seeing a familiar target
word.

Importantly, was this recognition memory effect sufficient
to pick out deceptive responses in the present paradigm? We
compared the amplitudes at parietal regions between the lie
old and truth old conditions. However, no significant lie-truth
difference emerged at any of the parietal sites. There was also
no significant correlation between parietal amplitudes in the
350- to 650-ms window and participants’ operation or sym-
metry span WM scores. These results are consistent with the
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conditions between the 300- and 550-ms marks, and such amplitude
differences could be predictive of participants’ behavioral performance:
People with larger waveform amplitudes had smaller RT costs when
lying, and vice versa.

rationale of the GKT, and perhaps highlight its strength and
weakness, as well as the need for the present paradigm.
Namely, the GKT is great at separating recognized versus
unrecognized targets, but it is unsuitable when deception is
based on preexisting or truth-based knowledge.

Discussion

In this study, we investigated the electrophysiological signa-
tures of a simplified form of truth-based deception during its
preparation stage and execution stages: Participants had to lie
about the identity of a prestudied word by using another
prestudied word. This scenario was designed to mimic situa-
tions in which recognition memory is confirmed via the GKT,
but suspects can still provide false accounts based on
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Fig. 8 Waveforms from the truth old and truth new conditions. The
highlighted area depicts the time window between 350 and 650 ms after
target onset. The brain topographic distribution at the top shows the
contrast between the averaged amplitudes of the truth old and truth

recognizable (truth-based) events, in the interest of minimiz-
ing legal responsibility or misleading an investigation. Indeed,
we observed equally strong recognition memory ERP wave-
forms in both the lie old and truth old conditions, suggesting
that the GKT is great at what it does, but it is unsuitable for
truth-based deception.

Our behavioral results showed that deceptive responses
had slower RT and lower accuracy than truth responses.
Interestingly, this RT difference between lies and truth was
correlated with participants’ verbal WM capacity such that
participants with high WM capacity could lie with very little
RT cost. For these participants, we argue it is essential to look
into their frontal EEG signals, in which deceptive responses
had a larger negative-going waveform during the preparation
stage, and a larger positive-going waveform during the exe-
cution stage. Importantly, these frontal amplitudes during the
execution stage were negatively correlated with participants’
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news conditions. The hot topographic distribution shows that the
amplitude from the truth old condition is larger than those from the
truth new condition.

RT cost for deceptive responses. In other words, high WM
capacity individuals who can verbalize a deceptive response
efficiently are also the ones who showed larger frontal ampli-
tude during the execution stage, suggesting a possible signa-
ture of WM usage that can potentially be used to detect truth-
based deception.

The idea of combining WM load and deception is not new
as previous studies have successfully induced cognitive load
via dual tasking to reveal behavioral cues to deception (for a
review, please see Walczyk et al., 2013). The novelty and
uniqueness of the present paradigm are (1) passive EEG mea-
sures that tracks each participant’s WM usage instead of ac-
tively inducing WM load, thus providing neurophysiological
indices for individual differences in lying efficiency, and (2)
the well-defined boundary between the preparation and exe-
cution stages, which we discuss separately in more details
below.
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Recognition memory effect

Although not a primary focus of the present study, our
experimental design did include the component of recog-
nition memory, and thus an old—new contrast can be con-
ducted. To this end, we observed significant old—new ERP
difference between the truth old and truth new condition,
as well as between the lie old and the lie new (or truth new)
condition. This difference was most robust at P3, which is
similar to the left parietal old—new ERP effect in memory-
retrieval literature (Curran, 2000). Previous studies have
suggested that left parietal old—new effect is an electro-
physiological index of recognition and is a positive-going
ERP component that appears around 400 to 500 ms after
stimulus onset (Rugg & Curran, 2007), induced by correct-
ly recognized old items (Curran, 2000). This positivity is
greater over the left hemisphere, and is greater for hits and
misses than new items (Paller & Kutas, 1992; Rugg &
Nagy, 1989; Rugg et al., 1998). Furthermore, this marker
of recognition memory is recollection-based (Curran,
2004; Herron & Rugg, 2003), and therefore can be ob-
served even when no deceptive response is required
(Gamer et al., 2009). This can be useful in detecting
simple-denial type of deception.

However, further contrasts in our data showed that this
component was no different between the lie old and truth
old conditions, suggesting it is indeed a recognition memory
effect regardless of deceptive intent. This observation is sim-
ilar to previous findings by Johnson et al. (2003), who found
intact parietal memory effect regardless of participants’ inten-
tion to deceive or tell the truth, suggesting a recognition
memory-based ERP measure that is similar to the rationale
of GKT. Interestingly, its amplitude also did not correlate with
any of the WM measures, which implies that our task was
only tapping into the WM, but not episodic memory, aspect
of deception—a direction that is worth pursuing for future
studies. Therefore, although recognition memory paradigms
are great for denial type of lies, fabrication (involving no rec-
ognition) or truth-based lies (recognition is inevitable) may
require other types of measures, such as WM usage.

Preparation stage

In this experiment, we hypothesized that participants would
show pronounced ERP differences during the preparation
stage due to the demand of keeping several plausible answers
in their WM. Indeed, our preparatory ERP results showed a
larger frontal amplitude in the lie condition than in the truth
condition. This difference is significant from 500 to 900 ms
after cue onset, although such difference did not correlate with
participants’ WM capacity like the data from the execution
stage did, which we discuss in more details below.
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The present results are consistent with Walczyk et al.’s
(2003) activation—decision—construction model, in which the
construction component involves long-term memory and at-
tention during the preparation stage. In this model, deception
requires retrieving semantic and episodic information from
long-term memory to generate a plausible lie with credible
details, whereas truth-telling simply requires long-term mem-
ory retrieval without the additional manipulation or
reassociation between different memory information (which
would take place in WM). Therefore, according to Walczyk et
al.’s (2003) model, preparation processes for deception and
truth-telling would be quite different, which is translated to
difference in WM load (i.e., recalling more words in test
phase) in the present paradigm.

Previous neuroimaging studies have associated elevated
prefrontal activities with task preparation and information
maintenance for responding to upcoming stimuli (Ito et al.,
2012; Sakai & Passingham, 2006). Here, the observation of
frontal negative wave during preparation is also consistent
with findings of ERP negative slow wave, an index of WM
operations (Mecklinger & Pfeifer, 1996; Ruchkin, Canoune,
Johnson, & Ritter, 1995). Ruchkin et al. used a delayed match-
to-sample task to investigate encoding and retention processes
in WM. They found a negative slow wave throughout the
interval in between the memory frame and the test frame.
Furthermore, this negative slow wave activity varied with
memory load. Mecklinger and Pfeifer used an object memory
task with three levels of memory load and found that ampli-
tude of the negative slow wave varied as a function of object
memory load near the frontal and central regions during mem-
ory retention. Therefore, in the context of our study, frontal
negative amplitude may be an electrophysiological index of
WM traces during the preparation stage of deception.

Previous studies have repeatedly shown a larger CNV com-
ponent around the 1,000-ms window, before participants had
to provide their deceptive responses. The meaning of CNV
has long been interpreted as a reflection of anticipation and
motivation, and in the context of deception it has been
interpreted as anticipation and response preparation. This
was true for a variety of different tasks, including scenarios
in which participants had to deny recognition of familiar target
faces (Fang et al., 2003) or knowledge of a mock crime
(Suchotzki et al., 2015), identify fake banknotes as genuine
(Sun et al., 2011), or rate an unattractive face as attractive
(Dong et al., 2010). In the present task, however, we did not
observe similar component during the preparation stage, in
which the participants have yet to give their response. To
account for this inconsistency, we will note three important
differences. First, CNV is usually observed around the 1,000-
ms time window, but our preparation window was too long
(for WM rehearsal purposes) for a conventional CNV internal,
which may have buried the CNV component due to WM
demand. Second, and perhaps more important, CNV has been
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suggested as a combination of anticipatory processes coupled
with motor preparation (Rohrbaugh & Gaillard, 1983), includ-
ing the activation of the hand-motor area (Verleger et al.,
2000). As such, other researchers have argued that the antic-
ipatory effect should be examined before participants can see
the critical target stimulus. Indeed, when Suchotzki et al. used
such design, they only observed a marginally significant CNV
related to deception, with a smaller effect size. In this light, our
design is quite similar to that of Suchotzki et al. because our
participants did not know whether a deceptive (lie old condi-
tion) or truthful (lie new condition) response should be per-
formed during the preparation stage (see also Panasiti et al.,
2014, for a card game task that did not show any effect in
CNV). Therefore, there was no clear response anticipation
during our preparation window. And finally, our study utilized
a vocal response that did not require activation of the hand-
motor area, thus it is reasonable that the centroparietal com-
ponent of CNV would be absent from the present findings.

One remaining question, however, is that if the observed
frontal amplitude between the 500 to 900-ms window is in-
dicative of the WM processes underlying deception prepara-
tion, why does it not correlate with participant’s WM capacity
and lying efficiency? This lack of correlation suggests that
participants were not exhausting their WM capacity to prepare
as many old words as possible. Rather, they maintained just
enough words in WM, below their capacity limit, during the
preparation stage for selection during the execution stage.
Therefore, in any given trial, their WM load would be kept
at a minimal but sufficient set size, as opposed to being maxed
out. This strategy becomes gradually harder to implement to-
ward the end of the block (when all the well-remembered
words have been used), as evidenced by the decreasing accu-
racy from Trials 4 to 6 due to WM exhaustion. When this
happens, the correlation between one’s accuracy and WM
capacity emerges (Fig. 5). Therefore, the strategy of keeping
WM load low in the first half of the block can possibly explain
why the ERP waveform itself during the preparation stage was
not correlated with participants’ end-result behavioral
performance.

These positive findings in frontal ERP during the prepara-
tion stage mark an interesting contrast to one important study
by Ito et al. (2012), who used a modified recognition memory
task and fMRI to investigate processes during the preparation
period. They used three types of cues in their task: truth, lie,
and uncertain. And the authors found a significant activation
in the left dorsolateral prefrontal cortex during the preparation
stage that followed an informative (i.e., truth and lie) cue over
noninformative (i.e., uncertain) cue. However, preparatory
processes that followed truth and lie cues were no different
in their BOLD fMRI signals. Although these results may ap-
pear to conflict with the data presented here, it is important to
note the differences in task design, and precisely what pro-
cesses are being probed when using the term “preparation.” In

Ito et al.’s (2012) study, participants did not have to search
their memory after seeing an informative cue, and they had to
make an old—new response upon seeing the target picture,
which is similar to a GKT design. In contrast, the present
study required participants to prepare several seen words in
advance. Therefore, our task design focused mostly on WM
usage during the preparation stage, whereas Ito et al.’s (2012)
design prompted deceptive intention and early initiation of
inhibitory processes (of the truth).

Our results from the preparation time window are also con-
sistent with one recent fMRI study by Ofen, Whitfield-
Gabrieli, Chai, Schwarzlose, and Gabrieli (2017), who found
increased superior parietal and dorsolateral cortex activity dur-
ing the preparation stage. Importantly, dorsolateral cortical
activities were negatively correlated with participants’ decep-
tion cost, which is similar to the correlation we have reported
here between deception cost and frontal amplitude, albeit at a
later time window (i.e., executive time period). Therefore, not
only can fMRI or ERP measures be potentially useful for
detecting deception, the distribution of such neural activities
also seem to correlate directly with participants’ individual
differences in their abilities to lie efficiently.

Execution stage

During the execution stage of verbalizing a lie, we observed
larger positive-going amplitude near the frontal and central
sites in the 300- to 550-ms window. Most importantly, such
amplitude was positively correlated with participants’ WM
capacity that was independently measured via the operation
span task, and it also negatively correlated with participants’
deception cost in RT. In other words, participants with higher
WM capacity also showed higher frontal-central ERP ampli-
tude, and lower lie-truth RT cost.

The predictive nature of the ERP amplitudes during the
execution stage but not the preparation stage is somewhat
surprising. The frontal-central amplitude during the execution
stage was correlated with participants” WM capacity and de-
ception cost in RT, yet no correlation was observed between
these measures and preparatory frontal amplitude. Earlier we
mentioned how participants could maintain just enough words
in WM during the preparation stage for selection later in the
execution stage. Here, during the execution stage, partici-
pants’ selection of deceptive words must be rapidly completed
as the target word appears, which involves WM selection.
Furthermore, in some trials, it is possible that the target word
coincides with the ones participants have prepared for verbal-
izing. In these scenarios, participants had to suppress the pre-
prepared old word and quickly switch to another backup old
word for lying. Furthermore, in a small portion (<10%) of the
trials, upon seeing a new word, participants had to give up the
prerehearsed words and instead say the word on the screen as
is (lie new condition). Therefore, in addition to the selection
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processes, suppression and switch processes could also have
taken place rapidly in order to minimize cost in RT.
Consequently, although the WM demand may not be very
different between the preparation and the execution stages,
the time pressure (and thus the increased WM or mental effort)
is nevertheless higher during the execution stage. Indeed, in
the last decade the WM literature has begun to highlight the
importance of WM selection and inhibition processes in addi-
tion to just the maintenance of WM content (e.g., Tseng et al.,
2012; Vogel, McCollough, & Machizawa, 2005; Xu, 2010).
As such, a person can have large WM capacity but still suffer
from poor WM performance due to inapt suppression of task-
irrelevant WM content (Vogel et al., 2005). These findings
and the multiprocess view of WM integrity shed light on
why ERP correlation actually occurred during the execution
and not the preparation stage, and also explains why partici-
pants’ WM capacity can be used to predict their RT cost dur-
ing this stage. In this light, our preparation stage is cognitively
“purer” in the sense that only WM rehearsal is taking place at
that time, and the execution stage is more akin to the WM
retrieval stage that other researchers have used in order to
investigate the processes of WM selection (and suppression
of other words) (e.g., Shipstead, & Engle, 2013). This task
design was done intentionally to mimic the many decisions a
liar has to make upon hearing the investigator’s questions
(e.g., should the interrogatee use script A or script B, or maybe
tell the truth, etc.), and is where we observed the most robust
effect in frontal amplitude, reaction time, and their correlations
with participants’ verbal WM operation span performance.
These results from the execution stage (and the absence of
any correlation during the preparation stage) suggest addition-
al neural mechanisms beyond memory maintenance that are at
play during the execution stage, and supports the idea that
inhibitory processes, whether in WM or other cognitive do-
mains, can be crucial to successful deception (e.g., Debey,
Verschuere, & Crombez, 2012; Nunez, Casey, Egner, Hare,
& Hirsch, 2005; Walczyk et al., 2003).

Our results here also complement previous findings by
Johnson, Barnhardt, and Zhu (2003, 2004, 2005) well. In their
series of studies, Johnson and colleagues used a recognition
memory-based deception task, instead of a recall-based task in
the present study. They found slower RT and lower accuracy,
coupled with increased medial frontal negativities (Johnson et
al., 2004) and decreased P300 amplitude (Johnson et al.,
2003), which they interpreted as a reflection of ongoing mon-
itoring processes that is specific to deception. Specifically,
Johnson et al. (2004) also identified the anterior cingulate
cortex as a possible dipole for the increased medial frontal
negativities, and such activity remained unaffected even if
participants went through repeated practice (Johnson et al.,
2005). This would be consistent with our effects from the
frontal regions. Therefore, although our tasks used a recall
memory task (as opposed to the recognition memory task by
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Johnson et al.), and that our task was not designed to optimize
the observation of medial frontal negativities, the present
study is nevertheless similar to the Johnson et al. studies in
the sense that the frontal region and its executive functions are
heavily involved.

The findings here provide further insight to previous
studies that did not differentiate between the preparation
and execution stage of deception. One important study by
Tardif et al. (2000) tested between the control and a malin-
gering group using an old—new memory paradigm. They
observed larger left frontal amplitude between old and
new words in the 0- to 450-ms window after stimuli onset
in the malingering group than the control group. This dif-
ference, however, was not associated with a well-defined
separation between the preparation and execution stages.
Comparing their time windows with our 500- to 900-ms
window and 300- to 550-ms window from the preparation
and execution stages, respectively, it seems that our execu-
tion processing timeframe fits better with their time series.
Also, in our results, the frontal-central topography and the
300- to 550-ms latency are quite similar to the typical P3a
component. The P3a component is suggested to represent
frontal attentional processing that is engaged in evaluating
current stimuli (Hagen, Gatherwright, Lopez, & Polich,
2006; Polich, 2007), which is quite consistent with our ex-
perimental setup during the execution stage, in which par-
ticipants saw the target word. One previous study, by Hagen
et al., found that when task difficulty increased, the P3a
amplitude increased as well, which is also consistent with
the WM and word-switch demand that we discussed earlier.

The promising finding from the present study is perhaps
the correlation between this possible P3a component and par-
ticipants’ deception efficiency (i.e., lower RT cost). This im-
plies that, in those high performers for whom the behavioral
cues of deception may not be immediately obvious, they
nonetheless are the ones with the largest EEG signature of
deception. Indeed, one previous study by Yang et al. (2005)
reported that pathological liars had higher verbal intelligence
and increased prefrontal white matter, compared with normal
and antisocial controls. Therefore, people with better verbal
intelligence, such as our participants who scored high on the
operation span task, may be harder to probe behaviorally. For
these high-performers, we argue that execution-stage ERP
amplitudes are especially important for developing potential
indicators of deception. Though, it is important to bear in
mind that countermeasures, as well as repeated rehearsal of
lies in advance, can possibly compromise the integrity of the
present ERP findings (Foerster et al., 2017). Since most per-
petrators prepare and practice sharing alibis in advance so that
they are internally and externally consistent, multimodal, and
delivered with minimal WM load. Therefore, future research
needs to consider a wider range of variables and methods in
order to improve the EEG markers accordingly.
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