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Abstract
Deception detection studies have become a trending topic over the past 34 years. Lie
detection seems to have moral, ethical, methodological, clinical, and legal
implications. Although researchers have studied the P300 (P3) Event-Related
Potential (ERP) component towards an understanding of the phenomenon
extensively, deception remains a well-hidden cognitive process. The basic set-up of
most of the deception detection studies contains a mock-crime scenario and the use
of a Concealed Information Test (CIT). The same design requires a deceptive
response from the participants. Towards this direction, the present study employed a
fundamental research question via examining if meaningful stimuli can modulate the
P300 component compared to target & irrelevant stimuli in guilty participants. The
aim of the present study was: a) to check if a non-deceptive design could produce
similar results to previous ERP-based deception detection studies, and b) to raise
interest concerning the set-up of the experimental design of previous applications. In
line with the literature, and with no deceptive behavior, P3 results revealed similar
patterns and statistical significance. The unexpected findings of Early Posterior
Negativity (EPN) and P100 (P1) provide a new index to be further explored in future
deception detection studies. While the present results should not be taken as a new
index for deception, they appoint a new path against the phenomenon. Future
research suggestions are also addressed.
Keywords: Deception, Lies, ERP-based Deception Detection Studies, P300 and
Deception

He who has eyes to see and ears to hear may convince himself that
no mortal can keep a secret. If his lips are silent, he chatters with
his fingertips; betrayal oozes out of him at every pore.
Sigmund Freud, 1959, p. 94
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1. Introduction
Deception is all around us and over the years became a trending topic. Lies are
deception's basic form, and they can be recognized in different parts of our everyday
lives, from the small innocent white lies that we tell to our close ones to the terror
attacks that we watch devouring our communities (Vrij, 2008). Detecting deception
seems now more than ever important to discuss. Why do people deceive? What
makes them conceal information and how do the brain and its cognitive functions cooperate in such a situation? What exactly is deception and how far are we from
discovering it? This thesis examines how this concept utilizes the core of our
existence, the brain.

The idea of deception has been the center of interest in cognitive neuroscience
research for 34 years (Rosenfeld, 1992; Rosenfeld, 1999). The definition of deception
is appointed as the deliberate act of causing someone to accept as true or valid what is
false or invalid (Rosenfeld, 1999). However, lots of different definitions have been
given to deception over the years. Some of them leaning towards to the field from
which deception is examined (i.e., "False communication that tends to benefit the
communicator" from the simple everyday social life view) or towards the nature of
the lie itself (i.e., sarcastic remarks, false memory, etc.) (Ettinger & Jehiel, 2004; Vrij,
2008, p. 12). Despite, all of these different definitions, deception is mainly believed to
be an intentional act which is defined from the perspective of the deceiver (Vrij,
2008). The psychologist's nowadays have divided the act of deception in 2 big
categories: a) lies (making up information or giving information that is different from
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the truth) and b) equivocations (making a contradictory statement) (Vrij, 2008;
Wikipedia, n.d.).

As abovementioned, lies are the first and most important categorization of deception.
Vrij (2008) has categorized lies in three different and minor categories: a) outright
lies, b) exaggerations, and c) subtle lies (Vrij, 2008). Outright lies refer to
falsifications that a person makes to deceive the receiver of the information (Gombos,
2006; Vrij, 2008). Exaggerations are the lies that are either overstated or not,
whereas subtle lies refer to these common lies which contain concealment of
information (i.e., A friend that doesn't like the color of her best's friend hair, but
when she is being asked if she does, she states how much does she like the haircut of
her friend’s hair) (Gombos, 2006; Vrij, 2008). Concealing information can be found
in almost all everyday common lies, but also during a more complicated situation
such as an interrogation or testimony (Vrij, 2008).

An interesting aspect of lying is the actual reason that people deceive. Even though
oftentimes we may not think of all of the latent argumentations behind this concept,
deception has a well-established ground in western culture. Erving Goffman, a
sociologist, and writer from Canada had mentioned in the year of 1959 that "life is
like a theater and people often behave as actors on the stage” (Vrij, 2008, p. 18). In
everyday life, people mostly lie out of psychological reasons (a more understandable
reason for deception, according to psychologists and sociologists) (Gombos, 2006;
Vrij, 2008). However, when most of us think about lying and deception, we have in
mind the act which is done out of material gain or due to the avoidance of any
punishment (Gombos, 2006; Vrij, 2008).

10
Another important question to address is how frequently people lie? The frequency of
lying is an almost impossible investigation (Vrij, 2008). However, a lot of studies
have shown that lying is more common between strangers than between people that
we feel close to (Vrij, 2008). Social studies have shown that the majority of erotic
partners prefer a truthful relationship with their other half (Vrij, 2008). When it
comes to the frequency of lying, researchers point out that there is no significant
difference between the two sexes (Vrij, 2008). However, it has been found that
women tend to tell entirely different lies than men do (Vrij, 2008). For instance, men
have the tendency to tell more self-oriented lies, whereas women tend to tell lies with
a much broader oriented spectrum (Vrij, 2008).

So, what are the consequences of lying? Is it possible for the receiver of the
information to comprehend and understand if he’s/she’s being lied to? The majority
of people believe that they can detect when they are being deceived and that they are
successful at detecting liars (Vrij, 2008). However, is this statement correct? Vrij
(2008) points out, that "there are many reasons why lies remain undetected" (Vrij,
2008, p. 2). In accordance to that, Vrij (2008) proposes that these ‘reasons’ can be
divided and categorized into three big categories: a) poor motivation (ostrich effect),
b) common errors made by lie detectors, and c) lack of realism (Vrij, 2008). Poor
motivation stands for the inability of most people to face the truth, and deal with the
consequences that come with the reality, whereas common errors by lie detectors
stances for the mistakes that most interrogators commit during an interrogational
process (Vrij, 2008). Lastly, the third category of lack of realism refers to the
overconfidence of people towards their abilities to detect lies (Vrij, 2008). Although
we don't exactly know where this overconfidence stems from, Vrij (2008) mentions
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that in principle, people believe that lies can be detected via a person’s behavior (i.e.,
speech, movement) or via examining their physiological responses (Vrij, 2008).

Age plays an important role when it comes to deception. Studies have repeatedly
shown that until the age of four, children are not able to deliberately tell any lie
(Carlson, Moses, & Hix, 1998; Gombos, 2006; Vrij, 2008). However, there is a big
contradiction in the literature regarding the exact point of age that children start to
lie (Carlson et al., 1998; Gombos, 2006; Vrij, 2008). Hence, that’s why it’s also
believed that before the age of four children are capable of misinformation and lie
imitation (i.e., children tend to imitate their parent’s behavior) (Vrij, 2008). More
and above, several researchers point out, that the first indication of lying in a child’s
behavior probably starts at the point that the child wants to avoid punishment from
their parents (Vrij, 2008).

The current paper attempts to introduce the basic background knowledge concerning
deception (see chapter 2), as well as the methodologies used in previous research in
comparison with the present paper (see chapters 3 & 4). More and above, chapter 5
presents the results of this study. Finally, the last two chapters demonstrate the most
important concerns based on the followed argumentation and they attempt to
address all of the methodological issues that deception research suffers from (see
chapters 6 & 7).
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2. Background
2.1. Different study fields that examine deception
The ability to detect deception and subsequently liars does not just have moral
implications in our modern society (Abootalebi et al., 2009). In recent research,
deception is mostly examined in the fields of criminology, forensic psychology,
criminal psychology, sociology, cognitive neuroscience, and law enforcement (RootWolpe, Foster, & Langleben, 2005). While deception is still in a very basic stage of
research, scientists claim the high potentials that the field can offer from a legal,
ethical and clinical point of view (Root-Wolpe et al., 2005).
Because deception became such a trending topic, currently is being used not only to
identify if someone has committed a crime or not but also to give answers regarding
mental diseases that have deception as a primary psychopathic trait (Farwell &
Donchin, 1991; Fullam, McKie, & Dolan, 2009).
Finally, the future perspectives in neuroscience-based forensic assessment field are
towards an understanding of how different methods can be used to help us set a
better ground in distinguishing the criminals from the innocent (applied use) and
how we can get from these methods better statistical validity (Mertens & Allen,
2008).
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2.2. Theories about deception in Cognitive Science
Most of the cognitive theories which exist regarding deception have an essential
common ground on all of the higher executive cognitive processes that our brain uses
in general (Johnson, Barnhardt, & Zhu, 2004; Gombos, 2006). However,
complications in accessing these brain areas that “use” cognitive processes,
immediately creates a tremendous difficulty of our understanding towards deception
(Gombos, 2006).
Theory of mind is a well-developed theory which explains in detail that humans have
the ability to understand that every person has intentions, feelings, and beliefs that
are entirely different from their own (Gombos, 2006). Towards this theory is believed
that if a person attempts to deceive another person, it has to have first of all this
inside interpretation of what a false belief is (Gombos, 2006). According to Gombos
(2006), this theory of mind starts developing after the third year of life in children
and it can be recognized via the children’s ability to inhibit a truthful response
(usually followed by the age of four) (Carlson et al., 1998; Gombos, 2006; Vrij, 2008).
In 1981 Zuckerman et al. incorporated the first coherent theory towards the path of
deception (Zuckerman, 1981; Gombos, 2006). This approach was called Four Factor
Theory, and it was explaining all of the main differences that liars have above truth
tellers: a) generalized arousal is greater when lying, b) emotion or affect is associated
with guilt, c) cognitive aspects of lying are more complex, and lastly d) liars attempt
to control verbal and non-verbal behaviors to avoid getting caught (Zuckerman, 1981;
Gombos, 2006, p. 206). Although this is the very first written indication of what
happens when deception occurs, it doesn't provide any further explanation about all
of the cognitive processes that underlie this deception concept (Gombos, 2006).
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Another theory of deception is called Interpersonal Deception Theory (IDT), and it
was created by Buller and Burgoon in 1996 (Buller & Burgoon, 1996; Gombos, 2006).
This theory brought a novel approach to the field of deception. Until that point
deception was always described as a deliberate action that comes from the deceiver
(Rosenfeld, 1999; Gombos, 2006; Vrij, 2008). With this theory, the researchers
pointed out the communicative part of deception as an operation, as well as the role
that the person who is being "deceived" is playing during the entire process (Buller &
Burgoon, 1996; Gombos, 2006). Under this framework, deception is a constant
attempt from the perspective of the deceiver to maintain the lie and to always pay
attention to the behavior of the target (the person who is being deceived) (Buller &
Burgoon, 1996; Gombos, 2006). IDT was the first theory that examined the concept
of the cognitive processes for both the deceiver and the deceived (Gombos, 2006).
IDT is a more critical theory, and it contains a better classification of deception as a
whole process (Gombos, 2006).
The Activation Decision Construction Model (ADCM) in 2003 by Walczyk et al., was
another attempt to define in a more distinct way the deceptive behavior and of course
deception as a general concept via describing the cognitive processes of the brain
which highlight aspects of higher cognition (Walczyk, Roper, Seeman, & Humphrey,
2003; Gombos, 2006). ADCM is based on a combination of various cognitive
processes such as the automatic/controlled processes, the episodic and semantic
memory processes, and last but not least the spreading activation process (Walczyk et
al., 2003; Gombos, 2006). Walczyk et al. (2003) explain in their study how working
memory “holds activated memories and knowledge of the truth” (Walczyk et al.,
2003; Gombos, 2006, p. 208). When this part is finished, researchers explain that
the next step is for the person to decide whether to lie or not and if so how to
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fabricate that lie (Gombos, 2006). At this stage, the deceiver is supposed to "suppress
all of the critical details that relate to the truth" by using all of the necessary decisionmaking processes (Walczyk et al., 2003; Gombos, 2006, p. 208). Finally, this theory
also suggests how all of the social contexts and elements in memory utilize attention
from the deceiver for him/her to be much confident to “form a plausible lie” (Walczyk
et al., 2003; Gombos, 2006, p. 208). This theory is the first one that explains more
explicitly how cognition is associated with deception as a concept (Gombos, 2006).
One of the newest cognitive theories about deception is from Mohamed et al. (2006).
Although this theory doesn't have a particular name, it is a theoretical model of
deception which tries to address all of the neural actions that occur during the lying
process (Mohamed et al., 2006; Gombos, 2006). This model is a combination of
published Functional Magnetic Resonance Imaging (fMRI) data and polygraph tests,
neuronal correlations, cognitive processes, and of course emotions (Gombos, 2006).
In this study, Mohamed et al. (2006) explain that a deceptive behavior is a very
complicated action and they divide this process into seven different stages (Mohamed
et al., 2006; Gombos, 2006). These steps are the following: a) hearing or seeing a
question presented by the examiner, b) comprehension of the question, c) memory
recall of event inhibition, d) judgement and planning of a response including
inhibition, e) fear, anxiety, apprehension, guilt, or joy; f) verbal response, and lastly
g) sympathetic nervous system stimulation (Mohamed et al., 2006; Gombos, 2006, p.
209). Gombos (2007) explains that this model from Mohamed et al. (2006), can be
reduced only to stage D "Judgement and Planning of a response, including
inhibition” (Gombos, 2006). Gombos (2007) points out the reason behind his
suggestion. He claims that liars are not that different from truth tellers and that most
of the high cognitive processes regarding deception are being used by both liars and
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truth tellers (Gombos, 2006). The main difference is that truth tellers don’t have to
think how to fabricate and maintain a lie (Gombos, 2006). In addition to that,
Mohamed et al. (2006) explain that both Broca's area and precentral gyrus (areas
associated with language and verbal response) are activated in both of the replies of
truth tellers and liars (Mohamed et al., 2006; Gombos, 2006). Even though, this
theory has been criticized (criticism regarding this similarity of the emotional
responses in both situations), Mohamed et al. study (2006), sets a more solid ground
towards the understanding of the brain activation which is associated with the
abovementioned cognitive processes (Gombos, 2006, p. 210).
Last but not least, a different theory that approaches deception is towards lying and
gaming (Ettinger & Jehiel, 2004). This approximation is towards the gaming field
which explains what happens between the deceiver and the deceived during a game
(Ettinger & Jehiel, 2004). More specifically, the researchers here state that deceptive
behavior that comes from the deceiver cannot be an indication of the action of the
person who is being deceived (Ettinger & Jehiel, 2004). Notably, the deluded person
understands the message correctly that the deceiver wants to imply (Ettinger &
Jehiel, 2004). Ettinger and Jehiel (2004), explain that the entire deceiving process
consists of rational decisions which demonstrate the understanding of any
“deceptive” situation (Ettinger & Jehiel, 2004). In other words, when a person is
being deceived he/she is not doing anything wrong because he/she understands
literally what he/she is being told (Ettinger & Jehiel, 2004). This deception approach
gives a different index in the field and explains that the standard approach of
deception doesn’t fit every angle of the phenomenon and that being deceived is not
saying anything about your cognitive ability of understanding (Ettinger & Jehiel,
2004).
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2.3. The main techniques used to identify deception

One of the most traditional methods to detect deception is the very well-known
polygraphy (American Psychological Association [APA], 2004; Cutmore, Djakovic,
Kebbell, & Shum, 2009). Polygraph tests have been set up in our minds as one of the
most cultural icons when it comes to deception. We can find them from the
Hollywood movies and reality shows to our “everyday” lives. But what does
polygraphy do? Even though polygraph tests remain in our minds as the main path
that will lead us to detect deception, a big part of today’s scientific community raises
its concerns towards it (APA, 2004; Abootalebi, Moradi, & Khalizadeh, 2009). What
the polygraph does is quite of a simple procedure. It mainly examines and records
physiological data, such as heart rate, blood pressure, respiration, and skin
conductivity (APA, 2004). The instrument itself is used to record and assess the
autonomic arousal of the situations mentioned above (APA, 2004). However, the
validity of polygraphy has always been more than controversial (Rosenfeld, 1992;
APA, 2004; Vrij, 2008; Abootalebi et al., 2009). There are two main problems with
this technique. One is on the theoretical side, whereas the other one is more practical.
More specifically, the theoretical problem indicates that "there's no evidence that any
pattern of physiological reaction is unique to deception" (i.e., someone may feel
anxious during an interrogation process even if the person is not lying about
something), whereas the more practical issue refers to the placebo effect which can
exist every time that a researcher or an interrogator doesn’t explain the efficacy of the
procedure and what actually is the relationship betwixt deception and a polygraph
test (APA, 2004).
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The starting point of the concealed information test (CIT) or guilty knowledge test
(GKT) is the year of 1959 (Rosenfeld, 1992; Verschuere, 2011). Based on the core
principles of experimental psychology, David Lykken – a psychology professor at the
University of Minnesota-, reported a study regarding a new innovative design in lie
detection (Verschuere, 2011). In this study Lykken used as the primary technique the
"fundamental concept of experimental control", a technique that's supposed "to
ensure that the observed ("dependent") effect is attributable to the experimental
("independent") manipulation" (Rosenfeld, 1992; Verschuere, 2011, p. 23). With this
model, a comparison condition between the control and the manipulated group is
always needed to validate any differences betwixt them (Rosenfeld, 1992; Verschuere,
2011). This was a first indication of distinguishing the “guilty” from the
“naïve/innocent” subjects (Verschuere, 2011). As the years went by the CIT became
more and more popular. Nowadays, CIT is a major tool when it comes to deception
detection in law enforcement (Verschuere, 2011). A combination of the test with
neuroscientific techniques as Electroencephalography (EEG) and Functional
Magnetic Resonance Imaging (fMRI) is broadly used in an attempt to gain better
validity and statistical power of the results (Abootalebi et al., 2009; Verschuere,
2011). When CIT is used with EEG, the central assumption is that ‘guilty' subjects or
criminals will elicit a characteristic physiological response when they are presented
with the probe (crime-relevant) item (Sai et al., 2015). On the other hand, the
‘innocent’ subjects are expected to show no kind of physiological difference (Sai et al.,
2015).
In most of the deception detection studies, a mock-lab crime is acquired. This close to
real life simulation helps the participants to be much more devoted to the
instructions of the experiment (Sai et al., 2015). In all of these studies, different
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categories of stimuli are presented to the subjects. The most common stimuli that are
presented in a P3-based ERP deception-detection study are the concealed (rare) ones,
the target (rare) ones, and the non-target/irrelevant (frequent) ones (Allen & Iacono,
1997). This complex stimulus protocol is called Complex Trial Protocol (CTP)
(Rosenfeld, 1999). Furthermore, a very common widely used lab-crime is attached to
stealing. In most of these cases participants are instructed to steal a particular item
from a room, and then they are asked to deceive regarding the robbery (Rosenfeld,
1999). After that, EEG electrodes are attached to the subject and presentations of the
relevant-irrelevant items are displayed on a computer screen (Rosenfeld, 1999).

2.4. Neural correlates of deception
Deception studies share the common assumption that deceptive behavior is a timeconsuming cognitive process (Suchotzki et al., 2015). In the same manner, all of the
studies claim that lying comes with a cognitive cost and that's why the act of lying
usually takes longer than telling the truth (Ganis, Kosslyn, Stose, Thompson &
Yurgelun-Todd, 2003). Functional Magnetic Resonance Imaging (fMRI) studies
have shown that deception emerges in particular areas of the brain that are tied to
high-order cognitive processes, such as the frontal lobe (left medial and left inferior
frontal lobes), the temporal lobe (right hippocampus and right middle temporal
gyrus), the occipital lobe (left lingual gyrus), the anterior cingulate, the right
fusiform gyrus, and the right sublobar insula (Ganis et al., 2003; Kozel & Padgett,
2004; Johnson et al., 2004; Greene & Paxton, 2010). Even though the most valuable
and valid results for the neural correlates of deception come from brain-imaging
studies that have identified unique brain executive processes during a deceptive
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behavior, a bunch of different neuroscientific techniques is being used as tools to
detect and confirm the neural correlates of deception (Gombos, 2006). The very first
attempt of finding the neural correlates of deception was by the use of
Εlectroencephalography (EEG) and more specifically by Εvent-related potentials
(ERPs) (Gombos, 2006). Positively, until now a vast amount of different
neuroscientific techniques has been used to define, as precisely as possible, the neural
correlates of deception. Techniques such as Positron Emission Tomography (PET),
Transcranial Direct Current Stimulation (tDCS), and Magnetoencephalography
(MEG) are broadly used “as a lie detector in individual subjects” (Abe et al., 2008, p.
2811). Research now is also towards the manipulation of specific brain areas that are
tied to deception (Priori et al., 2007; Karton & Bachman, 2017).
Taken together, imaging studies have shown explicitly and repeatedly that deception
consists of higher cognition processes which are recruited notably in the prefrontal
cortex area of the brain (both for deceiving for something that is known or not) (Abe
et al., 2008). This was for a very long time an excellent indication for "catching" liars
(Abe et al., 2008). However, most of the times, researchers were mistaken regarding
people’s deceitful or truthful responses, because they weren’t taking into
consideration the possible memory errors that might occur (false recognition) (Abe et
al., 2008). Further findings have shown that motor areas are also activated during
deceptive behavior in laboratory studies, in the sense of a "motor regulation" that
might exists when participants have to give deceitful responses via a controller or a
keyboard (Abe et al., 2008, p. 2817).
Although the abovementioned neuroscientific techniques set a more stable ground
towards deception, they still have received criticism from several researchers over the
years (Root-Wolpe et al., 2005). Even though, with the brain-imaging technology, we
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are able for the first time in history to "interfere" and "gain access" to a persons'
feelings and so forth, a lot of ethical concerns arise (Root-Wolpe, P. et al., 2005).
Philosophers and methodologists respectively point out the need of having our
"cognitive liberty" when it comes to our thoughts and emotions, especially, when
these two are being the primary interest in a court room (Root-Wolpe et al., 2005).
Additionally, the reliability of the neuroscientific techniques that try to define the
neural correlates of deception has been staggered due to the laboratory conditions in
which the methods have been used (difference in a laboratory condition and a field
study) and because of the quiet assurance in their functionality (are they a good
indication of the truth?) (Root-Wolpe et al., 2005).

2.5. P300 and deception
The analysis of Εvent-related potentials (ERPs) is one of the most widely used
techniques in Εlectroencephalography (EEG) research. Electrical activity can be
measured via EEG by placing electrodes over the scalp. The recording of ERPs can be
divided into several components that are often named after their onset after the
stimulus presentation and sign (Donchin, 1981). P300 is a particular ERP component
that emerges every time that a non-frequent stimulus is presented to a subject
(Verschuere, 2011; Hu & Rosenfeld, 2012; Suchotzki, Crombez, Smulders, Meijer &
Verschuere, 2015). The P300 component has been used as an index of deception
(Kozel & Padgett, 2004; Greene & Paxton, 2010; Suchotzki et al., 2015).
In the early 1980s, Fabiani and his research group showed that if a list of rare words previously learned and meaningful- is combined with a list of frequent words, then
the rare meaningful ones elicit higher P3 waves (Verschuere, 2011; Sai et al., 2015).
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Towards this direction, in 1987, another research group with leading figure the
Professor J. Peter Rosenfeld pointed out that the previous study from Fabiani et al.
suggested that P3 "could be used to detect concealed guilty knowledge" (Rosenfeld et
al., 1988; Verschuere, 2011, p. 85). Since then a considerable amount of studies uses
the P3 component of ERP with the concealed information test (CIT, also known as
the guilty knowledge test) or similar tests (e.g. Employee screening Control Question
Test, Comparison Question Test) with the purpose of deception detection (Rosenfeld,
1999; Verschuere, 2011; Sai et al., 2015).
In basic ERP research the P3 component for more simple stimuli arises around 300400ms, whereas more complex stimuli such as objects that have been used in a crime
can enhance P300 around 500-800ms (Donchin, 1981; Criminal Justice, Detection of
Deception: Event-Related Potential, n.d.). When it comes to crime detection, and
especially deception, Peter Rosenfeld, and his colleagues suggested that a guilty
person will have a significant enhancement of P300 every time that he/she will be
presented with the critical item(s) (probe item(s)) of the crime of interest (Rosenfeld
et al., 1988; Allen & Iacono, 1997; Rosenfeld, 1999; Rosenfeld, Shue, & Singer, 2007;
Sai et al., 2015; Karton & Bachman, 2017; Criminal Justice, Detection of Deception:
Event-Related Potential, n.d.). The same research group suggested that an innocent
person won’t have similar effects (Criminal Justice, Detection of Deception: EventRelated Potential, n.d.). During the 90’s researchers had claimed that the accuracy of
the EEG and CIT combination was around 80-95% (Criminal Justice, Detection of
Deception: Event-Related Potential, n.d.). Additionally, the big percentages of the
accuracy of the P300 were used as a strong argumentation also during the 2000’s
(Vrij, 2008). Guilty participants seemed to be quickly caught with an accuracy
percentage of 82.29, whereas only the 16.21% of the guilty people were incorrectly
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rated as innocent (Vrij, 2008). On the other hand, innocent participants were spotted
87.50% of the time, and only 8.75% of them were mistakenly thought to be guilty
(Vrij, 2008). However, there was a lot of criticism and consideration about the
validity of such a statement (Criminal Justice, Detection of Deception: Event-Related
Potential, n.d.). Most researchers supported that the reaction times of the ERPs' were
very short, so there was not enough evidence to make these statements (Criminal
Justice, Detection of Deception: Event-Related Potential, n.d.). Another pitfall of
ERP-based deception detection studies was the imbalance that P3 was creating. This
imbalance referred to the opportunity of using these studies to catch criminals in
comparison of the inability to separate the innocent (Iacono, 2008). Despite the
critics, P300 remained the primary examined ERP component in deception detection
studies (Iacono, 2008).
On the basis of the EGG literature on deception we can conclude that P3 was, and it
still is a much more reliable tool to examine deception than the classical polygraphy
(Farewell & Donchin, 1991; Rosenfeld et al., 2007; Iacono, 2008; Mertens & Allen,
2008; Cutmore et al., 2009). Scientists nowadays are implementing EEG with virtual
reality, brain imaging, behavioral tests, and so forth to gain better statistical and
ecological validity (Root-Wolpe et al., 2005; Iacono, 2008). Notwithstanding, the
present paper is not implementing EEG with other techniques.
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3.

Rationale of the present study

3.1. Rationale of the first studies
The first published papers on the P300 ERP component in concealed information
were out at the late 1980s. As I mentioned previously the P3 signal was believed to
refer to “recognition of meaningful information” (Rosenfeld, 1999, p. 63). P300
wasn’t considered as an indication of an actual lie (Rosenfeld, 1999). As Rosenfeld
(1999) points out P300 was an idea of the recognition of a familiar and meaningful
object (Rosenfeld et al., 1988; Rosenfeld, 1999).
A criminal group was acquired from the very first ERP deception study (Rosenfeld,
1999). However, in future research, a controlled innocent group was harnessed as a
comparison baseline between guilty and innocent conditions (Farewell & Donchin,
1991). To make the studies as realistic as they could be, researchers created a
simulation of a "lab crime." The most common lab crime until nowadays is stealing.
So, participants had to steal an item that was called probe item, and it was considered
as the most critical one (Rosenfeld, 1999). The stolen item, together with some items
irrelevant to the crime, were presented one at a time of display (Rosenfeld, 1999).
Just by doing visual inspection researchers were able to conclude that P300 was
evoked almost every time that the probe stimulus was presented to the subjects
(Rosenfeld, 1999). At these first studies, another special category was the target item
group which contained a random item to which participants had to respond by
answering "yes" every time they were asked if they have seen it (Farewell & Donchin,
1991; Rosenfeld, 1999). This item assured the researchers that the participant was
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obliged to the experiment (Rosenfeld, 1999). In future studies irrelevant objects
became the objects that belonged to the broader category of the probe item (e.g., if a
weapon was the probe item, then irrelevant items were weapons that were in the
same weapon group with the probe weapon, but they remained unrelated to the crime
under investigation) (Rosenfeld, 1999; Rosenfeld et al., 2008). However, there was
no norm regarding the target and the irrelevant category of what items should exactly
contain (Rosenfeld, 1999).
Below is displayed a result representation of Farewell and Donchin’s study that was
published in 1991. This delegation provides an understanding of the previously
explained designs (see Figures 1a,b).

Figure 1a. ERPs of subjects 5, 10, 15, and 20 respectively, from the scalp site Pz in the guilty condition. Note that
the probe (critical item) waveform is distinguishable from the irrelevant (irrelevant items to the crime) waveform
and similar to the target (relevant items) waveform. Adapted and retrieved from Farwell & Donchin study that
was published in 1991. Note that here the target category elicited a tremendous P300 response due to the
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instructions that researchers gave to the participants (i.e., stimulus classification that is a prerequisite for the
elicitation of the P300).

Figure 1b. ERPs of subjects 5, 10, 15, and 20 respectively, from the scalp site Pz in the innocent condition. Note
that the probe waveform is similar to the irrelevant waveform and that the target is clearly distinguishable.
Adapted and retrieved from Farwell & Donchin study that was published in 1991. Note that here the target
category elicited an immense P300 response due to the instructions that researchers gave to the participants (i.e.,
stimulus classification that is a prerequisite for the elicitation of the P300).

Belatedly, over the years, studies have shown that except P3 and imaging studies, eye
blinks, face recognition, autonomic measurements, criminal identity, and mock
terrorism scenarios are also new indexes of deception (Fukuda, 2001; Wang, Chen, &
Atabakhsh, 2004; Meijer, Smulders, Merckelbach, & Wolf, 2007; Meixner &
Rosenfeld, 2011; Farahani & Moradi, 2013).
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3.2. Rationale for the methods used in this study
The main body of the first experimental design of the present research included a
mock crime scenario (stealing an item) and a deceitful response from the participants
via using a CIT (participants would have been presented with visual stimuli of the
probe/stolen item, the elements that were present in the room at the time of the
crime (target items), and some totally irrelevant details to the crime of interest, used
as a baseline (irrelevant items)). The primary hypotheses were that P3 amplitude
should be increased for the probe stimulus (stolen item) compared to relevant stimuli
(target items), as well as that there will be a difference between the
psychophysiological response to the probe and other irrelevant stimuli. The first pilot
trial was very interesting, because it showed some weaknesses of the design (i.e., in a
real life situation, someone who denies that he/she stole an item, he/she probably
also denies the place of the embezzlement or at least, the objects that were resided to
the place). Moreover, the fact that most laboratory studies use participants with no
criminal record rises the concern if people that had been asked to lie are lying or if it's
a different cognitive process that is present during the experimental procedure. So,
the next step was to redesign the experiment. Hence, the current set-up was
administered. Adjustments were conducted in consideration of having a more
exciting as well as cognitively challenging session (participants were asked to answer
truthfully/opportunity to press more than one answer/the target category consisted
of items that were present in the room, for both conditions, at the time of the mockcrime/the CIT question was revised to a memory one/attempt to avoid possible
habituation of the task, etc.).
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Even though the set-up became a bit different from some of the previous studies, the
same hypotheses were conserved. Thus, the current design still utilizes all of the basic
ideas from the ERP deception detection literature.

3.3. Why is this study a novel methodological approach?
The present investigation is a conceptual replication study which attempts to
manipulate the theoretical variables of deception detection ERP CIT studies on the
field. Moreover, the current set-up tries to investigate whether previous studies were
examining deception as a phenomenon or if there is another cognitive aspect
replacing deception.
From a strict neuroscientific perspective, deception is considered to be a high-level
cognitive process (Gombos, 2006). To measure the phenomenon, we should come
across different cognitive processes such as memory, object recognition, visual
perception, attention, etc. (Gombos, 2006). This study, of course, has a very basic setup and is not interfering explicitly with all of the previous. The table below displays
similarities and differences between this study and previous studies on the field.
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Table 1
The table represents the most basic similarities and differences that this study has in comparison to
previous studies.
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4. Methods
4.1. Research question
Is P3 modulated by meaningful stimuli compared to target & irrelevant stimuli in
guilty participants?
As explained previously, ERP is a useful tool in deception research. This research
question aims to conceptually replicate previous research on the topic with some
novel additions (see Table 1).

4.2. Participants
A total of 33 participants, 26 females and 7 males participated in the experiment.
After the trial had finished participants either received two movie tickets as a reward
or credits for their psychology course. The age of the participants was between 20 and
34 years old (M=24.13 years, SD=4.12). All participants were native Finnish speakers,
right-handed, and reported average to corrected vision with no diagnosis of any
psychopathological disorder. Before the experimental procedure started, all
participants were informed about the EEG set-up and signed a form of consent.
Furthermore, participants were also told that they could stop the experiment any
time they wanted. After the form of consent was approved participants had to fill in
two questionnaires, GAD-7, and PHQ-9 questionnaire respectively (GAD-7 is an
essential patient questionnaire for anxiety and PHQ-9 is a basic form of a depression
questionnaire) (see Figures 10a,b & 11a,b). One participant was excluded during the
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experimental procedure due to inconsistency in following the instructions during the
mock-crime scenario.

4.3. Design
The study involves two different primary groups (guilty group & innocent group). The
participants of the guilty group were instructed to steal an object, whereas the
members of the innocent group had just to observe the mock-crime room (see Figures
2, 9a,b, & 12). Both groups were unaware of the existence of the other group. Three
object categories were included. The probe category (includes the items that should
be stolen – one at a time- applies only to the guilty group), the target category
(includes the objects that were present during the crime or the observation – 9
items), and finally the irrelevant category (includes totally irrelevant items -10
items- to the crime of interest and it was used as a baseline for both groups). Each of
the participants had to complete three blocks of the same task. The task was the same
for both groups. Each block lasted approximately 26 minutes, and participants were
given a maximum of 5-minute break-time following each block. The entire
experimental session lasted a maximum of 2 hours.
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Figure 2. Graphical representation of the guilty and the innocent scenario.

For the guilty scenario participants had to steal a ring, a bracelet, or money. Eight
participants had to steal the ring, eight the bracelet, and eight the money to be
compared with the eight participants that consisted the innocent group and were
used as a baseline (it was hypothesized that the innocent group wouldn't show any
effect on the probe items).
Finally, it should be noted once more that all of the objects which were presented
during the EEG recording were the same objects in the same number for both groups.
Even though the innocent group didn't have to steal any of the objects, the probe
items were always presented to them as target elements in the room.

4.4. Procedure
Participants chose to perform the guilty or the innocent scenario by randomly
selecting an envelope. Regarding the mock-crime scenario (e.g., Rosenfeld et al.,
1988) they were instructed either to steal an object from a room that was located in
the laboratory corridor or just to go to the same room and observe the objects that
were inside (guilty scenario-steal an item, innocent scenario-observe the objects in
the chamber) (see Figure 13).
When the mock-crime scenario finished, the participant returned to the laboratory
room and was seated in front of a CRT monitor with 1024 x 768-pixel resolution and
85 Hz screen refresh rate (1 refresh ≈ 12 ms), approximately 1.5 meters away from
his/her eyes. Brightness and contrast were 100% and 50% respectively. Afterward, an
EGG cap of 21 electrodes was attached to the scalp of the participant. After each
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stimuli presentation the "Muistatko nähneesi tämän esineen tässä huoneessa
aiemmin?” question was popping up, and the participant had to choose from four
potential answers (Ehkä - Ei Varma/Kyllä – Varmasti/Ehkä – Hyvä Arvans/En) by
using a controller.1

4.5. Stimuli
The stimuli that were presented belonged to three different object categories (see
Figures 2, 3, 4, & 12). Pictures demonstrated the objects from eight different angles,
and each angle was displayed three times for all three blocks. Before each stimulus
presentation, a fixation point of 500ms was shown. After that, the stimulus remained
on the screen for 2000ms and then again the fixation point was bestowed as
previously. The second fixation point followed a question and four possible answers
that were delineated in the same screen slide for another 500ms. Participants had to
respond in between of this time limit. The words were typed with Arial, with a font
size of 40, and were centered on the screen against a gray background.
The

stimuli

presentation

was

administered

using

E-prime

2.0

(https://www.pstnet.com/eprime.cfm). Although the visual stimuli were at first
equalized by using the Shine toolbox (Willenbockel et al., 2010) of MATLAB (The
MathWorks, Natick, MA), the ones that were finally presented were not, due to the
blurriness that the equalization created to some of the pictures. Because the study is
not about the visual perception, the non-equalized pictures should not create an
effect.
1English

translation of the question and answers mentioned above: "Do you remember to have seen
this item in the room that you were before?” - (Yes I am sure/YS, Good Guess/GG, Not Good/NG,
and No/N).
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Figure 3. "Picture" refers to one of the three types of stimuli (probe, target, irrelevant). "Question" refers to the
question shown to the subjects after each picture; "YS/GG/NS/N" refers to the response stage where subjects had
to answer the question (always being faithful to the items that they remember).
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Figure 4. Visual representation of some of the presented stimuli, followed by the question and answer. Note that
the question and the four potential answers were given on the same slide.

4.6. Electroencephalogram (EEG) recording
EEG was recorded continuously with Ag/AgCl Beckman Biopotential passive
electrodes from 21 scalp sites (according to the 10/20 electrode system: Fp1, Fp2, F7,
F3, FZ, F4, F8, T3, C3, Cz, C4, T4, T5, P3, Pz, P4, T6, O1, O2). Two more
electrooculogram electrodes, one vertical (bre) and one horizontal (rec), were placed
below and on the left side of the left eye (EOG recording) to record blinks and eye
movements. The reference electrode was put on the nose tip. The scalp site of AFz
was used as a ground electrode as suggested from 10/20 electrode system. Impedance
was checked via SCAN 4.3. (https://www.neuroscan.com) Program before the actual
recording started and the occipital electrodes O1 and O2 were always checked to be
less than 2 Ohms. Two Neuroscan (https://www.neuroscan.com) amplifiers were
used, one of which was the power one (1000VA). The model of the amplifiers was
8050.
EEG was recorded continuously with an online bass filter of 50Hz. Furthermore,
preprocessing

was

implemented

in

BrainVision

Analyzer

2.0.

(http://www.brainproducts.com/downloads.), with a sampling rate of 500Hz and a
sampling interval from -500 to 2000ms from stimulus onset. For the slow brain
waves, offline filtering was implemented at 0.1Hz, whereas 20Hz was the cutoff for
the quicker waves. Moreover, the baseline correction was from -500 to 0.00ms.
Lastly, two clusters of electrodes were created for the analyzed channels. The central
cluster consisted of Pz, Fz, and Cz channels and the occipital cluster included O1 and
O2 channels.
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5.
Statistical

Statistical analysis & results
analysis

was

performed

on

IBM

SPSS

STATISTICS

24.0

(https://www.ibm.com) program. For the central electrode cluster (Pz, Fz, Cz) the
time window that was analyzed for each participant had a minimum of 350ms and a
maximum of 650ms (±150ms), whereas the analyzed interval for the occipital cluster
(O1, O2) was from 300ms to 600ms (±150ms). More specifically, a repeatedmeasures analysis of variance (ANOVA) with Bonferroni correction for multiple
comparisons was performed on the P3 peak amplitude for both groups
(guilty/innocent). Sphericity was also assumed via Mauchly's test of sphericity, and
Greenhouse-Geisser test was checked for both conditions. A confidence interval (CI)
of 95% and a p. value of 0.05 was employed as measures of significance.
Participants’ ERP waveforms were united and encountered as one big data set,
according to Luck’s (2014) recommendations for averaging ERP waveforms
conducive to reduce noise levels (Luck, 2014). Review on the grand averaged
waveforms showed, in consonance with deception literature, larger P3 at the Pz
electrode site with a positive deflection and a difference between P3 that was evoked
by a probe response and a P3 that was elicited by a target or an irrelevant response
(Lui & Rosenfeld, 2008; Rosenfeld, Hu, & Pederson, 2012; Sai et al., 2015). For the
guilty group, the peak was at 500ms (probe), whereas for the innocent/controlled
group the peak was at 450ms (target) (see Figures 5a,b).
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Figure 5a. Grand average waveforms from the guilty group for the P3oo, maximum at Pz, with
negative upwards. P3oo amplitude appears most positive for the probe items and least positive for the
irrelevant items.
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Figure 5b. Grand average waveforms from the innocent group for the P3oo, maximum at Pz, with
negative upwards. P3oo amplitude appears most positive for the target items and least positive for the
probe and irrelevant items.

The within subject analysis (probe vs. irrelevant/target vs. irrelevant) for the central
cluster, indicated a main effect on the guilty group (F(1.19, 437.54) = 13.098, p =
.001, partial eta-squared = .363). However, doing the same analysis separately for the
three probe items (money, ring, bracelet) versus the irrelevant items, significance was
found for the money (F(1.39, 181.14) = 12.712, p = .003, partial eta-squared = .645),
and the bracelet (F(1.18, 188.81) = 6.085, p = .034, partial eta-squared = .465), but
not for the ring (F(1.12, 73.71) = 1.189, p = .317, partial eta-squared = .145). In line
with expectations, the innocent group didn’t show any effect on the difference
between the probe and the irrelevant items (F(1.09, 145.66) = 1.945, p = .204, partial
eta-squared = .217).
Despite the fact that the statistical analysis generated the expected results for the
within-subject investigation, the cramped number of participants that were used as a
control group may influence the reliability of the results (24 guilty subjects vs. 8
innocent subjects) for this study. More specifically, the between-subject analysis
(guilty group vs. innocent group) didn't show any significant difference between the
three conditions (probe, target, irrelevant), and respectively the effect size was way
too small (F(1.15, 2.64) = .062, p = .840, partial eta-squared = .002).
A visual inspection of the occipital (O1, O2) grand averaged waveforms yielded a
positive deflection of P3 for both sites, as well as an enlarged Early Posterior
Negativity (EPN) (200-300ms), and P100 (P1) (usually 140ms ± 20ms, in this
setting 110-160ms) for the guilty participants (see Figures 6a,b).
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Figure 6a. Grand average waveforms from the guilty group for the P3oo, maximum at O2, with
negative upwards. P3oo amplitude appears most positive for the probe items and least positive for the
target and irrelevant items.

Concerning the P3 component, the same within subject analysis for the occipital sites
O1 and O2, revealed a bigger effect for the guilty group (F(1.20, 436.21) = 13.506, p =
.001, partial eta-squared = .370) anew. Additionally, for the P1 component of the
guilty group, the generilized linear model designated a small effect size (F(1.14,
23.60) = 3.895, p = .054, partial eta-squared = .145). Lastly, in accordance with the
visual inspection of the occipital sites, significance was found for the EPN component
with an effect size of approximately 30% (F(1.19, 59.06) = 9.463, p = .003, partial etasquared = .291).
Regarding the innocent scenario P3 was elicited with a positive deflection, but as
expected no significant difference was found (F(1.06, 229.26) = 3.397, p. = .104,
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Figure 6b. Grand average waveforms from the innocent group for the P3oo, maximum at O2, with
negative upwards. P3oo amplitude appears most positive for the target items and least positive for the
probe and irrelevant items.

partial eta-squared = .327). However, even though by the visual inspection, no
significant enhancement is shown for both EPN and P1, the statistical analysis for
EPN demonstrated an effect size of 43% (F(1.39, 5.19) = 5.171, p = .038, partial etasquared = .425). Finally, in line with expectations the P1 component didn’t reveal any
difference (F(1.24, .03) = .042, p = .889, partial eta-squared = .006).
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6. Discussion
6.1. P300
The discovery of the P300 (P3) component was accomplished in the year of 1965
from Sutton, Braren, Zubin, and John (Sutton, Branen, Zubin, & John, 1965; Luck,
2014). The very first experiment comprised visual and auditory stimuli to which
participants had to respond without knowing the presenting sequence (Luck, 2014).
The researchers noticed that every time an unexpected stimulus was displayed a P3
around 3ooms was eliciting (Luck, 2014). Note that even from the first studies a
larger P3 was evoked on Pz scalp site (Rosenfeld et al., 2012; Luck, 2014).
Even though ERP components cannot precisely explain brain processes, they are an
excellent indication towards the understanding of cognition (Luck, 2014). With more
than 27.000 ERP studies worldwide, P3 has won a place in the literature (Luck,
2014). Towards this direction, the field of deception detection utilizes P3 as an index
of deception (Rosenfeld, 1988; Farewell & Donchin, 1991; Rosenfeld, 1999; Sa et al.,
2015). As mentioned previously, ERP-based deception detection studies support the
theory that every time a rare critical crime item (probe) is presented to a subject a P3
will be evoked (see Figure 7) (Allen & Iacono, 1997; Lui & Rosefed, 2008; Rosenfeld
et a., 2012; Meijer et al., 2007). The basic design and experimental set-up of previous
studies, suggests that participants should perform a mock-crime scenario (see
Rosenfeld, 1988) and afterward lie everytime they are being asked regarding the
probe item (Rosenfeld, 1999). However, even though an astounding number of
deception studies claim that the probe stimuli should be less often presented (rare) to
elicit P3 and that participants have to deceive, the results of the present study argue
otherwise. A review of the current design (see Table 1), shows that even though the
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probe item was introduced as many times as the target or irrelevant items and that
participants gave honest responses everytime they were asked if they have seen the
item before; still an extensive P3 was evoked. Nonetheless, it should be noted that
even with the more controlled design the probe item was only one in comparison with
all of the other items, so even though it was presented the same amount of times as
every other stimulus, still it was introduced fewer times.

Figure 7. Grand-averaged ERP waveforms from Pz during CIT. Retrieved from the ”Novel, ERP-based,
concealed information detection: Combining recognition-based and feedback-evoked ERPs” study
from Sai et al. that was published in 2015.
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Given the need to address the "deceptive behavior" problem in deception detection
research (laboratory studies – not interfering with actual criminals), the primary aim
of the present study was to check if the previous set-up was based on deception as a
phenomenon, by implementing a more controlled design with non-deceiving
behavior acquired. EEG data were collected and analyzed from 32 participants who
either performed a mock-crime (guilty scenario) or a simple observation (innocent
scenario), and a memory task. The abovementioned results demonstrated the same
effect of P3 at Pz site (alongside with previous literature) in the guilty and innocent
scenario (controlled group), even though the subjects were not asked to deceive.
A relatively new study from Carrión et al. (2010), suggested that deception and lying
are “not trying to inhibit a tendency to state the truth” (Carrión, Keenan, & Sebanz,
2010, p.105). In a field situation, when people commit a crime is understandable the
fact that they are trying to deceive to avoid punishment (Vrij, 2008). Hence, for that
reason, researchers are carrying out experiments by creating simulations of a crime
and by asking their participants to deceive. From a neuroscientific perspective, this
laboratory deceiving process seems not to stand upon solid ground. At this point, we
have to consider if asking from someone to lie corresponds with the highly cognitive
process of deception. The present study sets a footing towards this path, and future
studies should try to examine it further.
By the same token, another implication of the P3 ERP-based deception detection
studies based on the guilty knowledge paradigm is the fact that an innocent verdict is
not necessarily informative (see results of O1, O2 for the innocent scenario, Chapter
5) (Mertens & Allen, 2008, p. 296). Researchers point out that ERP deception studies
should focus more on the guilty verdict in consideration of avoiding high rates of false
positives (Mertens & Allen, 2008).
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The primary concern here is the external validity of the previous studies. Do they
measure what they claim to measure? Since deception is a very complex and
interactive process, deception detection studies should be very careful with their
allegations (Root-Wolpe et al., 2005). In spite of deception being studied in
laboratory situations, researchers should always focus on creating accurate
indications of their tests for real-life field conditions (Root-Wolpe et al., 2005). There
is no guarantee that the prior laboratory settings resemble in a less controlled
environment (Root-Wolpe et al., 2005, p. 42). Withal, the results of the present study
should not be taken as a contrary indicator. The main aim of the comprehensive
investigation is to raise a concern of the previous matters that may assist future
studies.
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6.2. EPN & P1
To my knowledge, the unexpected verdict that the Early Posterior Negativity (EPN)
and P1 (P100) components of ERP were found for the guilty participants at the
occipital sites O1 and O2, was never reported in previous ERP-based deception
detection studies. Therefore, it's best to discuss these results separately.
EPN and P1 waves are largest at lateral occipital electrode sites and absent from the
frontal or central sites (Luck, 2014, p. 13). Since previous deception studies were
examining only the central electrodes, and especially Pz as result of being the most
reviewed site in ERP research, they never reported similar results. P1 is the first
major visual component of ERPs (has a positive deflection), and it can be used as a
summary of the significant difference between groups or conditions depending on the
number of subjects, the effect size, and the individual differences (Luck, 2014, p. 27).
On the other hand, EPN arises around 200-300ms with a negative amplitude
deflection on the central sites (when it's present), and a positive deflection on the
occipital ones (Olofsson, Nordin, Sequeira, & Polich, 2008). EPN is mostly
interwoven with emotionality and studies have demonstrated that arousing pictures
can cause a larger EPN deflection (see figure 8) (Olofsson et al., 2008). Pointedly,
EPN is suggested to indicate "natural selective attention, such as that evaluation of
image features is guided by perceptual qualities that select affectively arousing
stimuli for further processing" (Olofsson et al., 2008, p. 256).
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Figure 8. Grand-averaged ERP waveforms of subjects during viewing of pleasant, neutral, and
unpleasant pictures. Left and right hemispheric sensors were selected for representing the early
posterior negativity (EPN) over the temporooccipital sites (#70 and #90) elicited by pleasant and
unpleasant images. As highlighted by the gray-shaded area, the EPN was most pronounced in a time
window from 200 to 300ms. Adapted and retrieved from the Schupp et al. study that was published in
2004.
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Followed by the results of the present study (see Figure 6a,b), is it possible that these
introductory theories could be an index of deception for future ERP studies? When
laboratory deception experiments employ pictures of objects in their paradigms and
then ask participants to deceive regarding these pictures, becomes blurry whether
they examine deception solely as an ongoing phenomenon. ERP affective picture
studies have tested whether emotional cues are arousing because of the
categorization of the stimuli or because of default mechanisms (Schupp, Junghöfer,
Weike, & Hamm, 2004, p. 447). Outcoming data explain that selective emotional
processing reflects a default mechanism (Schupp et al., 2004, p. 447). The results of
the present study indicated, that guilty participants showed greater significance for
the money and the bracelet as probe items, but not for the ring (see “Statistical
analysis & results" chapter). Subsequently, with the present set-up is possible that
participants who were engaged in the widely accepted experimental procedure in
deception studies can have a larger P1 and EPN due to the recognition and
emotionality of the probe object. Data from studies on attention and emotion
illustrate that emotional stimuli capture our attention and are viewed longer (Hajcak,
MacNamara, Olvet, 2010). Cutmore et al. (2009), disclose how photographs or items
of a crime scene can be more arousing than irrelevant to the offense pictures or
objects (Cutmore et al., 2009). At this point, the researchers specify that "high
relevance and high distinctiveness" cues will require "attention and thus could
facilitate processing for example during a recognition test such as occurs in an ERPoddball deception detection paradigm" (Cutmore et al., 2009, p. 190). Nonetheless,
the results of the present study can only be an indication, and they shouldn't be taken
as granted. Further ERP-based deception detection studies should accumulate more
controlled, close to real-life set-ups that will examine specifically the role of EPN and
P1 components in deception.
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6.3. Limitations of the present study
The lack of statistically significant difference in the between subject comparison
(guilty group vs. innocent group) constitutes the first limitation of the present study.
The small number of participants that incorporated the controlled group (N=8),
probably reduced considerably the effect size that was reported by the repeated
measures of variance (ANOVA) test (F(1.15, 2.64) = .062, p = .840, partial etasquared = .002). However, it can be proposed that future studies should exploit a
bigger number of participants for the innocent scenario.
Towards this direction, in the within-subject analysis of the guilty group, the
Greenhouse-Geisser test showed a size effect of almost 37 % for all conditions (probe,
target, irrelevant) (see “Statistical analysis & results” chapter). This might occurred
due to the bigger sample size that was used for the guilty group (N=24).
More and above, the same general linear model analysis displayed a significant result
for the occipital sites (O1, O1) for the EPN of the innocent particpants (see chapter 5).
This comes in contradiction with the visual inspection of the results, as well as with
the matter that significance should only be found for the guilty group. However, this
might be again a result of the small number of participants on the innocent group
(N=8) or due to the fact that money (used as a probe item in this study) can be an
emotional object itself (i.e., factor of individual differences). However, further
research could accumulate more participants that will employ the innocent scenario
and individuate also the “probe”-target items for this condition.
Last but not least, one colossal limitation of the present paper is the nature of the
participants themselves. An extended number of deception detection studies,
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alongside the current study, operate on college students that have no criminal record,
due to the inability of working with real offenders.
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7. Conclusion
During the last 34 years, ERP-based deception detection studies have grown in
numbers widely. Even at this stage, nobody can generate profound claims regarding
the phenomenon. Deception remains a well-hidden mechanism of cognition. While
some consistent patterns have been found and some generalizations have been
stated, the P300 component of ERPs should be further examined in oddball
deception paradigms. The main aims of the present study were: a) to check if the
nondeceptive design could produce similar results to previous ERP-based deception
detection studies, and b) to raise interest concerning the set-up of the experimental
design of previous applications. However, even though the results of the present
study look promising, it would be very presumptuous to assert the data as a new
index for deception. Further studies, with a similar layout, should examine in a more
extensive manner the role of Early Posterior Negativity (EPN) and P100 (P1)
components of ERPs in deception detection. Additionally, future research could
advance the observations presented in this paper by a) gaining a better
understanding of the cognitive processes that underlie deception as a phenomenon,
b) creating a more controlled experimental model for ERP-based deception detection
studies, c) establishing a norm for the objects that each category should contain, d)
improving the mock crime scenarios, and lastly e) engaging a concept of
implementing the current techniques into the field.
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Appendix A. Instructions
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Figure 9 (a&b). An example of the instructions that were given to the participants
who followed the guilty scenario (Finnish to English translation also provided). Note
that not all of the abovementioned objects were used as stimuli during the
experimental task.
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Appendix B. Questionnaires
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Figure 10 (a&b). An example of the PHQ9-P questionnaire that was given to all of the
participants

(Finnish

to

English

translation

also

provided).
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Figure 11 (a&b). An example of the GAD7 questionnaire that was given to all of the
participants (Finnish to English translation also provided).
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Appendix C. Stimuli & Mock-crime room

Figure 12. Representation of the stimuli categories that were displayed in both
groups (cup – irrelevant category, pants – target category, plant – irrelevant
category, doll face – target category, money – probe category, wall notes – target
category).
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Figure 13. Representation of the room where the mock-crime occurred (innocent
participants also had to do an inspection of the same room).
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