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ENGLISH ABSTRACT
Determining the true perpetrator of a crime while exonerating innocent suspects forms
the foundation of a fair justice system. Specific psychophysiological and behavioral
responses, indicating knowledge of critical details derived from a criminal
investigation, have been found effective in linking individuals to a crime. While the
theory underlying memory detection and the mechanisms contributing to these
response patterns have been investigated thoroughly, important questions regarding
the external validity remain unanswered.
The current dissertation extends the body of knowledge on concealed
information detection in three ways. First, research participants have typically been
instructed to commit staged crimes, whereas actual perpetrators freely choose whether
or not to engage in antisocial behavior. The findings suggest that intrinsic, selfinitiated behavior does not undermine CIT validity. Second, memory detection
techniques can accurately detect the presence of a memory, but not its origin. Results
indicate that presenting items at the exemplar level may reduce the risk of false
positives otherwise expected when innocents are contaminated with crime
information. Moreover, the appropriate level of questioning in memory detection
(using categorical or exemplar details) depends on the initial memory formation at the
crime scene, thereby challenging examiners to adopt a perpetrators’ perspective when
selecting items. Third, the field lacks an independent method to assess the veracity of
suspect confessions. A new application of memory detection shows that recognition
of critical details could distinguish true from false confessors. Taken together, the
present dissertation provides insight into the external validity of memory detection to
enhance the application in the legal arena.

DUTCH ABSTRACT
Op correcte wijze de ware dader van onschuldige verdachten onderscheiden vormt de
grondslag van deugdzame rechtsspraak. Specifieke fysiologische en gedragsmatige
reacties kunnen kennis van misdaad-gerelateerde details in het geheugen vaststellen
en zijn bewezen effectief in het koppelen van een verdachte aan een delict. Hoewel de
theoretische

onderbouwing

van

geheugendetectie

en

haar

onderliggende

werkingsmechanismes veelvuldig zijn onderzocht, bleven belangrijke vragen met
betrekking tot de externe validiteit nochtans onbeantwoord.
Dit proefschrift heeft als doel om de huidige stand van kennis op het gebied van
geheugendetectie op drie verschillende manieren te verdiepen. Ten eerste wordt
proefpersonen

in

wetenschappelijk

onderzoek

vaak

opgedragen

om

een

schijnmisdaad te plegen, terwijl in werkelijkheid daders zelf bepalen al dan niet
antisociaal gedrag te vertonen. De verkregen resultaten suggereren dat de techniek
ook moedwillige, zelf geïnitieerde overtredingen valide kan detecteren. Ten tweede,
geheugendetectie kan accuraat de aanwezigheid van kennis in het geheugen
vaststellen, maar niet de herkomst van de herinnering. Dit vormt een probleem
wanneer daderkennis uitlekt naar onschuldige verdachten. Resultaten uit dit
proefschrift wijzen erop dat het gebruik van zeer gedetailleerde vragen zulke foutpositieve resultaten zou kunnen verminderen. Bovendien tonen de onderzoeken aan
dat de meest betrouwbare manier van vragen (algemeen of juist specifiek) sterk
afhangt van het oorspronkelijk opgeslagen geheugenspoor. Hierdoor worden
examinatoren uitgedaagd om vanuit een daderperspectief naar de zaak te kijken. Ten
derde ontbreekt er in de rechtspraak een onafhankelijke methode om de
waarachtigheid van een bekentenis te verifiëren. Een nieuwe toepassing van
geheugendetectie laat zien dat herkenning van misdaad-gerelateerde details kan
bijdragen aan het onderscheiden van ware en valse bekentenissen. Samen beschouwd
verschaffen de resultaten beschreven in dit proefschrift kennis over de externe
validiteit van geheugendetectie om de praktische toepassing van de techniek op
juridisch vlak te bevorderen.
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CHAPTER 1
General introduction
Linda M. Geven
Gershon Ben-Shakhar
Merel Kindt
Bruno Verschuere

This chapter is based on:
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Past, Present, and Future. In T. Docan-Morgan (Ed.), The Palgrave Handbook of Deceptive
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General introduction

It was November 1985 when the bodies of two sexually assaulted, murdered, and
mutilated children, a seven-year-old girl and her eight-year-old brother, were found
in Plainfield, New Jersey. Byron Halsey, the boyfriend of the children’s mother,
quickly became the main suspect in the high-profile investigation. Was he the true
perpetrator of this crime? Would deception detection methods help in such a case?
To evaluate whether a suspect was involved in a crime, it can be verified if the
individual remembers specific details from the crime scene. For example, a true
perpetrator knows where the crime took place and what the murder weapon was. This
type of information could be verified using memory detection. In this chapter, a short
history of deception detection will be followed by the current state and limitations of
memory detection techniques.

LIE DETECTION
Most people are familiar with the Pinocchio effect; the nose of the wooden puppet that
instantaneously and observably grew whenever he told a lie. This famous story does
not stand alone in the history of detecting deception. In ancient India, for example,
suspects had to chew raw rice and those who could not spit out the rice were in big
trouble. It was believed that liars have a dry mouth, therefore making the rice stick to
the tongue. Similar techniques were used by the Bedouins of Arabia, yet even more
brutal: if the tongue of the suspect would stick to a burning hot iron, deception was
indicated (Lykken, 1998; Trovillo, 1939).
hether it is a growing nose or a dry mouth, no single bodily response has been
established to be uniquely related to lying (Vrij, 2008). As a result, many Indians and
Bedouins may have been incorrectly classified as liars. The problem lies in the flawed
theory underlying the idea of using a dry mouth as a cue to deception. What seems to
be forgotten is the fact that even an innocent person fearing to be falsely accused could
experience increased stress and enhanced bodily responses when facing a lie detection
test. Some contemporary deception detection methods, such as the Control Question
Polygraph Test (CQT; Reid, 1945), are still based on the idea that fear or stress
15
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responses reveal deception. Since an incorrect outcome may put an entire investigation
on the wrong track (Kassin, Bogart, & Kerner, 2012), invalid lie detection tests based
on stress-induced cues should in any case be avoided.
After failing the CQT polygraph examination and being extensively
interrogated by the police, Byron Halsey confessed the molestation and brutal murder
of the two children. The case went to trial and after five days of jury deliberation,
Halsey was convicted to two life sentences plus 20 years. More than two decades later,
after spending most of his prison time in solitary confinement for his own safety, postconviction DNA testing not only proved Halsey’s innocence, but also implicated the
true perpetrator of the horrific crime.
According to William Blackstone in his book Commentaries on the Laws of England
(1830), exonerating ten guilty individuals is deemed better than wrongfully
incarcerating a single innocent person. Since then, preventing false-positive errors (i.e.,
mistakenly identifying an innocent person to be guilty) forms the basis of the legal
system in which the scales of justice are tilted in favor of the accused unless sufficiently
proven guilty. Proper deception detection methods should therefore reach not only
good sensitivity (i.e., proportion of correctly detected guilty suspects based on the test
outcome), but particularly high levels of specificity (i.e., proportion of correctly
identifying the innocents). Such methods would minimize the risk of false-positive
errors, as the one made in the case of Byron Halsey. In high-stake situations, including
criminal proceedings, accurate deception detection techniques are an absolute
necessity. To reliably detect involvement in a crime and avoid wrongful convictions,
methods to detect deceit should be based on a sound scientific framework and
supported by empirical evidence.

MEMORY DETECTION
The fundamental difference between the CQT polygraph (Reid, 1945) and methods
designed to detect memory traces, is that the latter methods focus on detecting
recognition of intimate crime details rather than deception per se. The purpose of the
16
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Concealed Information Test (CIT; first introduced as the Guilty Knowledge Test by
Lykken, 1959, 1960) is to verify whether the suspect is aware of key crime-related
details, for instance, whether the murder weapon was a blunt weapon, a firearm, or a
knife. This method is therefore labeled a memory detection test rather than a lie
detection test.
The objective of the CIT is to verify whether the suspect possesses crime-related
information that only the perpetrator would be aware of. The method requires that the
examiner identifies several established facts from the investigation which only the true
culprit will be able to recognize. Then, the examiner creates a CIT resembling a
multiple-choice test with several questions, such that each question is comprised of
one crime-detail, and several neutral control items. To illustrate, in case of a homicide,
the CIT might include questions concerning the murder weapon and the location of
the victim in the crime scene, such as, ‘How was the victim murdered? a) by beating,
b) by stabbing, c) by drowning, d) by shooting or e) by poisoning’ or ‘Where was the
victim attacked? a) bathroom, b) kitchen, c) bedroom, d) basement, e) living room’. For
each question, there is only one item that reflects the correct feature of the crime under
investigation (i.e., the critical or crime-related item, also called the probe). The other
options are neutral control items (i.e., also called irrelevants) from the same category
as the critical item. These control items are chosen carefully, such that all options
would seem equally plausible to unknowledgeable individuals. As a result, to
innocent suspects who are unaware of the crime's details, all items will trigger similar
responses. On the other hand, guilty suspects tend to react differently to the
recognized crime-related detail than to the control items. This differential response
(i.e., critical minus control response, labeled the CIT-effect) indicates critical
knowledge of the crime in question, which should lead to further investigation of the
suspect (Lykken, 1974, 1998).
Imagine the case of the double-child murder in New Jersey. If Byron Halsey
would have been guilty, it is likely that he remembered the location of the victims’
bodies. Therefore, he would have shown a differential response to the correct
17
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alternative (i.e., basement). On the other hand, if the suspect was in fact innocent and
therefore did not know and could not infer which alternative reflected a true feature
of the crime, he would show similar responses to all items. By using several CIT
questions, each with several alternatives and using several dependent measures, the
investigators could control the probability of a false-positive outcome. The main
advantage of the CIT over methods focusing on deception is the use of proper controls.
The CIT establishes a within-person control in which responses to the critical items are
systematically compared to the responses elicited by the control items.

RESPONSE MEASURES
Recognition of critical items in the CIT can be assessed by autonomic and behavioral
measures, as well as brain related measures, such as functional magnetic resonance
imaging (fMRI) or electroencephalography (EEG). For all measures, the key factor in
memory detection is the differential response to the critical items compared to the
control items. Autonomic nervous system (ANS) measures such as skin conductance,
heart rate, and respiration have been used since the beginning of memory detection.
Specifically, individuals attempting to conceal information typically show enhanced
skin conductance responses (SCR) upon presentation of the critical item, compared to
control items (Lykken, 1960). Moreover, critical items elicit a stronger pause in
respiration (RLL) and a larger heart rate (HR) deceleration than control items.
Another shift of interest took place in the last two decades toward the potential
of reaction times (RTs) to detect deception and concealed knowledge. Initial research
using handheld stopwatches did not find strong effects for RTs as an index of
deception (see Luria, 1932; Marston, 1920), but computerized methods have led to a
renewed interest (Suchotzki, Verschuere, van Bockstaele, Ben-Shakhar, & Crombez,
2017). Relying on RTs to distinguish between individuals with and without knowledge
of critical information requires a slightly different procedure, yet the difference
between responses to the critical and several control items remains essential: a
prolonged RT can be observed when individuals deliberately deny knowledge
18
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compared to responding to the control items.

UNDERLYING THEORY
The orienting response (OR) theory has long been the dominant account for the CITeffect (see Ben-Shakhar, 1977; Lieblich, Kugelmass, & Ben-Shakhar, 1970; Lykken,
1974), reflected by several physiological and behavioral responses in reaction to an
external novel stimulus. Already in 1927, while working on his famous classical
conditioning experiments, Pavlov noted that the dogs in his laboratory shifted their
attention to new visitors. But it did not take long before their interest in this novel
person would decline, resulting in a decrease in the dogs’ investigatory response
(Sokolov, 1963). This incidental finding demonstrated that the initial orienting
response may gradually habituate in magnitude. However, when the stimulus holds
a special significance to the subject, an enhanced OR can be observed (Sokolov, 1963).
Additionally, significant stimuli have been proven to be more resistant to habituation.
Changes in the magnitude of the OR therefore allow for differentiation between salient
and neutral stimuli (Bradley, 2009; Gamer, 2011; Lykken, 1974). This effect also forms
the basis of the CIT: the critical crime detail (e.g., strangulation of the victim) holds a
very significant meaning to the guilty individual, but not to the innocent suspect.
Therefore, a consistently stronger response to the word strangulation compared to the
control items (e.g., drowning or poisoning) is an indication that the suspect has
knowledge about the crime in question and should be further investigated.
Furthermore, it is reasoned that to remain undetected, a guilty suspect must
inhibit the increased arousal associated with recognition of the critical item (klein Selle,
Verschuere, Kindt, Meijer, & Ben-Shakhar, 2016, 2017; Suchotzki, Verschuere, Peth,
Crombez, & Gamer, 2015; Verschuere, Crombez, Koster, van Bockstaele, & de Clercq,
2007). However, this effort has the paradoxal consequence (Pennebaker & Chew, 1985)
that it further increases physiological responses to the critical items.
Interestingly, recent insights suggest that these two mechanisms (i.e., orienting
and inhibition) may be reflected by different physiological responses. Specifically, it
19
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has been suggested that elevated SCRs may be mostly related to the attention drawn
by the concealed item (i.e., OR), whereas drop in HR, more shallow breathing cycles,
and slowing of RTs reveal the subsequent deliberate attempts to conceal recognition
of the critical items (i.e., inhibition; klein Selle et al., 2016, 2017; Rosenfeld, Ozsan, &
Ward, 2017; Suchotzki et al., 2015).

CRITERION VALIDITY OF THE CIT
An early laboratory study on the validity of the CIT was conducted in 1959 by David
Lykken. In an attempt to mimic real-life situations in which memory detection tests
could be meaningful, a mock-crime paradigm was used. By measuring and ranking
the amplitude of the SCR upon presentation of the critical and control items for both
guilty and innocent participants, 88% of the guilty participants and 100% of the
innocents were correctly classified. In a meta-analysis (Ben-Shakhar & Elaad, 2003),
the validity of 42 subsequently executed mock-crime experiments revealed a very
large average effect size (Cohen´s dbetween1) of 2.09, 95% CI [1.73; 2.44] (0.80 is considered
a large effect size by Cohen, 1988), suggesting that the SCR measure could accurately
detect critical information and differentiate between individuals with and without
knowledge of the mock-crime details.
Other experiments added different measures of the ANS such as changes in RLL
and HR. In most observations, the SCR outperformed other measures in detecting
recognition (see e.g., Balloun & Holmes, 1979; Podlesny & Raskin, 1978). While the
SCR remains the most valid single autonomic measure, an accumulation of SCR, RLL,
and HR was found to provide some incremental validity for the CIT (Gamer,
Verschuere, Crombez, & Vossel, 2008). More recently, meta-analytic results
investigated the validity of these psychophysiological measures to detect the presence
or absence of crime-related knowledge in a suspects’ memory (Meijer, klein Selle,

1

Please note that, following Lakens (2013), effect sizes comparing two independent conditions are reported as

dbetween, whereas the within-subject comparison between responses to critical and control items are reported as dwithin.
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Elber, & Ben-Shakhar, 2014). Large effect sizes comparing the CIT-effect for guilty and
innocent participants were found for the SCR, RLL, and HR (dbetween = 1.55, 95% CI [1.44;
1.66], dbetween = 1.11, 95% CI [1.00; 1.22], and dbetween = 0.89, 95% CI [0.80; 0.99],
respectively).
A recent meta-analysis (Suchotzki et al., 2017) based on studies relying on
computerized RT measures showed a large CIT-effect when comparing the RT to
critical versus control items (dwithin = 1.30, 95% CI [1.06; 1.54]). For example, participants
in a laboratory study by Seymour, Seifert, Shafto, and Mosmann (2000) were asked to
indicate whether they recognized the stimuli presented in the CIT by pressing one of
two response keys. Upon measuring RTs for denying knowledge of the critical item in
comparison with control items, 23 out of 27 participants were correctly classified as
guilty. These results are promising and demonstrate the potential of RTs as an
alternative measure to detect concealed information.
Whereas laboratory research allows for a controlled environment and
manipulation of isolated variables, questions can be asked about the generalizability
of the results to real-life cases (i.e., ecological validity). Establishing accuracy rates for
memory detection in criminal investigations requires validity studies conducted in
authentic settings. Unfortunately, it is extremely difficult to conduct methodologically
sound studies in a realistic setting (see Ginton, Daie, Elaad, & Ben-Shakhar, 1982). As
a result, only very few field studies have been reported. Despite their methodological
difficulties, these studies may provide an additional insight regarding the external
validity of laboratory experiments designed to assess the validity of the CIT. The
existing field studies conducted with real suspects, for whom the stakes are high and
who are motivated to avoid detection, produced mixed results. Specifically, Elaad
(1990) found a very high accuracy rate (98%) for discerning innocent suspects with the
SCR measure, but the rate for correctly identifying guilty suspects was much lower
than expected (42%). In a second field study (Elaad, Ginton, & Jungman, 1992),
measuring RLL in addition to SCR, the results were a bit more promising, although
still far from optimal. Both measures separately could detect innocent and guilty
21
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suspects with 97% and 53% accuracy, respectively, and combining SCR with RLL led
to increased detection accuracy (76%) for guilty suspects. However, it is worth noting
that the CITs applied in these field studies were not optimal. First, the authors used a
scoring procedure that is nowadays replaced by more reliable computational systems
in which multiple measures can be combined and standardized. Second, the number
of questions was much smaller than recommended, and third, the CITs were
administered immediately after a CQT, which might have attenuated the sensitivity of
the measures due to habituation effects. Moreover, when conducting field studies,
there might be other limitations, mostly concerning the establishment of ground truth.
In actual cases, it is very difficult to establish proof of whether the test outcome (either
guilty or innocent) was in fact correct. Therefore, most field research uses confessions
as the principle proof of actual guilt. Since this criterion is vulnerable to sampling
biases (Iacono, 1991; Patrick & Iacono, 1991), the data should be considered with
caution.

EXTERNAL VALIDITY OF CIT STUDIES
Due to the difficulties of establishing a solid ground truth criterion in realistic settings,
several researchers have adopted an alternative approach for evaluating the external
validity of CIT studies conducted in artificial laboratory conditions (for a review see
Ben-Shakhar & Nahari, 2018). Specifically, researchers have identified several factors
that differ between laboratory and realistic environments and manipulated these
factors in controlled experiments to examine their effect on CIT validity. In the
following sections this research is briefly reviewed, focusing on each of the identified
factors: levels of arousal, motivation to avoid detection, and self-initiated versus
instructed deception.

Level of arousal
Suspects undergoing criminal investigations may be more aroused than
subjects participating in laboratory experiments. Initial CIT studies relied on the card
22

General introduction

test paradigm, where subjects pick a card from a deck, hide this information, and a
CIT is conducted to detect the hidden information. Evidently, this is very different
from a realistic scenario in the field. More recently, studies have adopted the mockcrime paradigm, which seems to better approximate realistic crimes. In their metaanalysis, Ben-Shakhar and Elaad (2003) compared the CIT-effect with the SCR measure
obtained from card test and mock-crime experiments. They found a much larger CITeffect for mock-crime experiments (d = 2.09, 95% CI [1.73; 2.44]) than for card test
studies (d = 1.35, 95% CI [1.18; 1.51]). However, the level of arousal experienced by
mock-crime participants is still quite moderate and far below what real suspects may
experience during realistic polygraph tests.
To further investigate this topic, Verschuere, Meijer, and de Clercq (2011)
conducted a card test study with suspects undergoing realistic police polygraph
interrogations. The enhanced arousal level in this condition was confirmed by a higher
baseline heart rate than averagely measured with research participants in the
laboratory. Even under these higher levels of arousal, the CIT-effect was found to exist
in the field: HR, RLL, and SCR significantly changed upon presentation of the picked
card as opposed to control cards. In a direct comparison of the CIT-effect obtained in
card tests conducted during a realistic polygraph investigation and laboratory
experiment, Zaitsu (2016) reported similar effects in both settings, demonstrating
generalizability to the field. Additional studies attempted to examine whether the level
of arousal affects the outcomes of the CIT in controlled experiments. These studies,
which employed different types of arousal manipulation, reported similar CIT-effects
in the high- and low-arousal conditions (Bradley & Janisse, 1981; klein Selle,
Verschuere, Kindt, Meijer, Nahari, et al., 2017; Kugelmass & Lieblich, 1966; Peth,
Vossel, & Gamer, 2012).
Moreover, stress-induced mental states driven by the potential consequences of
failing the test are expected to influence both critical and control alternatives similarly.
Thus, whether the suspect is calm, aroused, or even frightened, it is still expected that
the response to the critical crime-related item would be stronger than to the
23
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alternatives whenever the suspect recognizes the correct answer. Likewise, if the
suspect is in fact innocent and unaware of the crime-related items, neither the present
emotional state nor the possible consequences of failing the test are expected to
influence the CIT outcome, since it affects responses to both critical and control items.

Motivation to avoid detection
Another difference between actual examinations and laboratory simulations
lies in the motivation to avoid detection and appear innocent. Research participants
obviously do not face the same consequences as suspects in a criminal investigation.
Motivational manipulations are commonly achieved by instructions (e.g., Gustafson
& Orne, 1963), incentivizing participants for beating the polygraph (Bradley &
Warfield, 1984), or punishing participants for an undesirable outcome (Lykken, 1974;
Suchotzki & Gamer, 2019). Although experiments did not always reveal consistent
findings (Gustafson & Orne, 1963, 1965; Horvath, 1978, 1979; Lieblich, Naftali,
Shmueli, & Kugelmass, 1974), meta-analytic results support the notion that the SCR
effect size increases when motivation to avoid detection is high (Ben-Shakhar & Elaad,
2003; Meijer et al., 2014). Guilty suspects who increase the effort to deceive the test
might therefore – paradoxically – show enhanced responses to the critical item
compared to the control items and thus aid their own detection (e.g., motivational
impairment hypothesis; DePaulo & Kirkendol, 1989). In contrast, CIT studies using
RTs as the dependent variable do not necessarily benefit from additional motivational
instructions or incentive (Suchotzki et al., 2017).

Self-initiated versus instructed deception
An important distinction between laboratory experiments and realistic criminal
investigations is the deliberate aspect of criminal actions. Deception is commonly
defined as a voluntary act (see Vrij, 2004), in which intention is a key factor. Yet, in
laboratory studies, participants are often explicitly instructed to commit a staged crime
and subsequently conceal knowledge (e.g., Lykken, 1959; Nahari & Ben-Shakhar,
24
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2011). More recently, researchers have begun to explore the role of instructed versus
spontaneous cheating and lying (Blakemore, Winston, & Frith, 2004; Kozel et al., 2005;
Mohamed et al., 2006; Sip, Roepstorff, McGregor, & Frith, 2008). Yet, relevant research
specifically for the CIT validity is very limited. Nahari, Breska, Elber, klein Selle, and
Ben-Shakhar (2017) gave participants a free choice to decide whether to enact a mock
crime or an innocent computerized task and compared those who choose to commit
the mock crime with participants who were instructed to do so. The study revealed a
similar CIT detection efficiency, based on SCR, RLL, and RT measures in these two
conditions, suggesting that the results obtained by instructed deception are
generalizable to the more externally valid counterpart. However, participants who
decided to commit the mock crime in the study in fact still did so upon instruction. It
remains to be investigated how voluntary, self-initiated deception affects detection
accuracy.

LIMITATIONS OF THE CIT
In the previous sections, we emphasized the strength of the CIT as a scientific approach
to memory detection, based on proper control questions with validity estimates
generated from extensive laboratory research. We have also argued, when
systematically examining several factors differentiating between the laboratory and
realistic settings, that results of laboratory studies may be generalized to the field.
However, the CIT is by no means a perfect method, and it is important to discuss the
limitations. For example, attempts to fake the test or a time interval between the crime
and CIT may lead to false-negative test outcomes. Moreover, contamination of
intimate crime details to innocents may result in false-positive results. In the following
sections these limitations are briefly reviewed.

Countermeasures
Fear of detection can tempt guilty suspects to use countermeasures (i.e.,
consciously altering physiological reactions during the CIT to avoid detection). Two
25
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strategies can be applied to diminish the CIT-effect during an examination: suspects
can either try to suppress their responses to the critical crime details or artificially
enhance responses to neutral, control items (Ben-Shakhar, 2011) by using mental (e.g.,
demanding cognitive activities such as counting backward from 100 in steps of seven)
or physical countermeasures (e.g., biting their tongue or moving their toes). Various
experiments were conducted to assess the effects of these countermeasures on the
outcomes of the CIT (e.g., Ben-Shakhar & Dolev, 1996; Elaad & Ben-Shakhar, 1991,
2009; Honts, Devitt, Winbush, & Kircher, 1996; Lykken, 1960; Peth, Suchotzki, &
Gamer, 2016). These studies revealed that ANS measures are affected by both mental
and physical countermeasures and could thereby enhance the false-negative rates, if
suspects are aware of how to use countermeasures to their advantage.

Memory decay
While in the typical CIT experiment participants are tested immediately after
being exposed to the critical items, realistic polygraph tests are often administered
several weeks or even months after the crime (Ben-Shakhar & Furedy, 1990). Memory
declines with time, and since the CIT is a memory detection test, this might be a pitfall
for application in criminal investigations. Indeed, research findings confirm the
weakening effect of a time delay on the detection efficiency of the CIT (Carmel, Dayan,
Naveh, Raveh, & Ben-Shakhar, 2003; Gamer, Kosiol, & Vossel, 2010; Nahari & BenShakhar, 2011; Peth et al., 2012). However, this effect is mediated by the type of items
used in the test. Whereas the memory for less important, peripheral items decays quite
rapidly, detection of central items or the gist of an event (i.e., items that are directly
associated with the crime, such as the weapon that was used) typically persists:
research revealed higher differential SCRs for central items than for peripheral items
after a delay (Gamer et al., 2010; Nahari & Ben-Shakhar, 2011). In a real-life scenario,
stronger responses can be expected to a question about the murder weapon than to a
question regarding the clothes of the victim. Examiners are therefore advised to use
central crime details that are likely to be better encoded and more easily recalled.
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Besides centrality of items, actual enactment of the crime might likely result in
more stable memory traces (Madan & Singhal, 2012) and allow for a more accurate
distinction between innocent and guilty suspects in the CIT. Yet, in real life the control
over how a complex crime scene is perceived is beyond the control of the examiners.
Not all critical details derived from the criminal investigation might have been noticed
and stored in the culprits’ memory, ready to be exposed in a memory detection test
after a time delay.

Leakage of crime-related information
Influenced by the use of mass media channels, news spreads easier than ever.
Disclosure of information cannot always be prevented, yet this could alter the validity
of memory detection tests. Besides news reports, crime-related information can
unintentionally be leaked to suspects during the interrogation. For example, Byron
Halsey came to know the location where the bodies were discovered after some guesswork. If the location of the victims would then have been used as a critical detail in the
CIT, it might have triggered a false-positive outcome since the CIT-effect is driven by
recognition instead of actual guilt. Several studies have examined the effects of
information leakage on the outcome of the CIT and although their results are not
entirely consistent, it seems that leakage of information to innocent suspects may
significantly increase the rate of false positives (for a review, see Bradley, Barefoot, &
Arsenault, 2011; Osugi, 2018). Thus, leakage remains a major obstacle, and careful
police investigation practices are needed to prevent leakage.

AIM AND OUTLINE OF THIS DISSERTATION
As reviewed in the current chapter, decades of research have supported the key
assumptions of concealed information detection. Using a wide array of validated
response measures, recognition of information has been shown to differentiate
knowledgeable and unknowledgeable individuals. However, the laboratory research
environment does not always reflect externally valid conditions. To validate memory
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detection, the potential of the CIT must be investigated using paradigms related to
practical issues arising in the field. The overall objective of the present dissertation is
therefore to further bridge the gap between laboratory research and field practice, as
well as to explore new applied applications of memory detection in the legal arena.
The first part of this dissertation explores the external validity of memory
detection experiments by comparing the traditionally used mock-crime paradigm in
CIT research with a new, ecologically more valid alternative. In mock-crime
procedures, participants are explicitly instructed to commit a staged crime. However,
as participants know that the simulation is part of the experimental manipulation,
questions can be raised whether this serves as a reliable model for the real world. In
the field, individuals are expected to commit crimes deliberately and intently, thereby
notably differing from research participants complying with explicit experimental
instructions. Using RTs, in Chapter 2 it is investigated whether CIT accuracy is
influenced by self-initiated deception in comparison to instructed deception. Using
psychophysiological measures, Chapter 3 further reveals whether the CIT-effect
extends beyond the traditionally used deception in laboratory paradigms.
The second part of this dissertation sheds light on the appropriate type of
questions used in the CIT to optimally distinguish between knowledgeable and
unknowledgeable individuals. When innocent suspects are contaminated with
intimate crime knowledge, it might be difficult to accurately distinguish between
innocent and guilty examinees. When it cannot be ruled out that some information has
leaked to the public, CIT practitioners sometimes ask more specific questions (Osugi,
2018). For example, instead of the known cause of death by ‘strangulation’, it might be
possible to ask a more specific question, such as, ‘What object was used to strangulate
the victim? a) rope, b) shoe lace, c) hands, d) baton or e) wire’. This may limit the risk
of information leakage, as only individuals with specific knowledge of the crime in
question are likely to be exposed to this information. At the same time, asking such
specific questions raises new challenges regarding the balance between false-positive
and false-negative outcomes. In order to detect a memory trace that could link a
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suspect to the crime, while protecting the innocents, it is important to use the
appropriate items. However, it cannot be assumed that all details derived from the
criminal investigation are actually noticed and stored in the culprits’ memory. Factors
such as encoding, retention of information, and retrieval during the CIT examination
may all influence detection accuracy. The second part of this dissertation therefore
focuses on the link between a perpetrators’ memory and the type of stimuli to be tested
to reach an optimal balance between sensitivity and specificity. Using RTs, in Chapter
4 it is investigated if CIT accuracy depends on whether questions are asked at the
category level (e.g., car), or at the exemplar level (e.g., Citroën). Chapter 5, using
psychophysiological measures, further reveals whether probing for items at the
exemplar level could attenuate the effects of leakage on innocents. Moreover, it is
investigated whether these effects are influenced by memory decay over time.
In the third part of this dissertation, a new application of the CIT is investigated.
While confessions are considered one of the most incriminatory types of evidence in
legal proceedings, recent exonerations have shown that not all suspects who claim
responsibility for a crime are actually guilty. It remains difficult to distinguish true
from false confessions. In a proof-of-principle study (Chapter 6), it is investigated
whether the theoretical background of memory detection can be used to accurately
differentiate between truthful admissions of guilt and false confessions.
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ABSTRACT
From a cognitive perspective, lying can be regarded as a complex cognitive process
requiring the interplay of several executive functions. Meta-analytic research on 114
studies encompassing 3307 participants (Suchotzki et al., 2017) suggests that
computerized paradigms can reliably assess the cognitive burden of lying, with large
reaction time (RT) differences between lying and truth telling. These studies, however,
lack a key ingredient of real-life deception, namely self-initiated behavior. Research
participants have typically been instructed to commit a mock crime and conceal critical
information, whereas in real life, people freely choose whether or not to engage in
antisocial behavior. In this study, participants (n = 433) engaged in a trivia quiz and
were provided with a monetary incentive for high accuracy performance. Participants
were randomly allocated to either a condition where they were instructed to cheat on
the quiz (mimicking the typical laboratory set-up) or to a condition in which they were
provided with the opportunity to cheat, yet without explicit instructions to do so.
Assessments of their response times in a subsequent Concealed Information Test (CIT)
revealed that both instructed cheaters (n = 107) and self-initiated cheaters (n = 142)
showed the expected RT-slowing for concealed information. The data indicate that the
cognitive signature of lying is not restricted to explicitly instructed cheating, but can
also be observed for self-initiated cheating. These findings are highly encouraging
from an ecological validity perspective.
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INTRODUCTION
A cognitive view on deception
Cognition-based lie detection focuses on the assumption that lying is
cognitively more demanding than truth telling. Liars often require a significant
amount of mental processes in order to actively suppress the pre-potent truth and
appear innocent (Spence et al., 2001; Verschuere, Spruyt, Meijer, & Otgaar, 2011).
People report to experience lying as associated with a larger cognitive effort than truth
telling (Caso, Gnisci, Vrij, & Mann, 2005; Vrij, Semin, & Bull, 1996). A study tracking
participants’ arm movements while moving a videogame remote to either a deceptive
or truthful option on the screen, confirmed that lying takes longer than telling the truth
(Duran, Dale, & McNamara, 2010; Spence et al., 2001; Walczyk, Roper, Seemann, &
Humphrey, 2003). Neurocognitive research found that inhibiting the truth and
constructing a lie are reflected by increased activation in several regions of the brain
associated with cognitive control (e.g., inferior frontal gyrus; see Abe, Suzuki, Mori,
Itoh, & Fujii, 2007; Ganis, Kosslyn, Stose, Thompson, & Yurgelun-Todd, 2003; Nunez,
Casey, Egner, Hare, & Hirsch, 2005; Sip, Roepstorff, McGregor, & Frith, 2008). These
findings inspired a new focus of lie detection techniques that aim to improve
differentiation between liars and truth tellers by adding additional cognitive load,
such as asking interviewees to tell their story in reversed order (Evans, Michael,
Meissner, & Brandon, 2013; Vrij et al., 2008) or by maintaining eye contact (Vrij, Mann,
Leal, & Fisher, 2010).

Response time as an index of cognitive effort involved in lying
Renewed attention has drawn researchers to the easily applicable behavioral
measure of response time as an indicator for (increased inhibition associated with)
deception. Although initial research, often using suboptimal measurement conditions,
did not find strong effects of reaction times (RTs) as a deception measure (see Luria,
1932; Marston, 1920), the increased use of computerized measures led to revived
research interest.
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Seymour, Seifert, Shafto, and Mosmann (2000), for instance, found that RTs
provide a fast and reliable indication of recognition of concealed information. Research
participants committed a mock crime in the laboratory and were subsequently asked
to do a seemingly unrelated binary classification task on the computer. While
measuring RTs, participants had to indicate whether they recognized the stimuli
presented in the Concealed Information Test (CIT; Lykken, 1959) by pressing one of
two response keys. Critical details from the committed crime were intermixed with
irrelevant, neutral items. Upon measuring response latencies on these critical details
(i.e., probes) in comparison to irrelevant words, 89% of the guilty participants could
be correctly classified as such.
Another study using a mock-theft scenario, instructed participants to either
steal a CD with exam questions or to read a newspaper article about the incident. In a
subsequent autobiographical Implicit Association Task (aIAT; Sartori, Agosta,
Zogmaister, Ferrara, & Castiello, 2008), participants had to classify sentences
describing possible autobiographical events (e.g., ‘I am in front of a computer’ or ‘I am
currently on the beach’) to either the ‘true’ or ‘false’ label by pressing one of two
response keys. All 15 guilty participants made a faster association between the crimerelated questions (e.g., ‘I stole the CD with the exam questions’) and the label ‘true’,
while 13 of the 15 innocent participants were faster combining denials of theft with
‘true’, leading to a ROC area of 0.96.
Meta-analytic research on 114 studies encompassing 3307 participants
(Suchotzki, Verschuere, van Bockstaele, Ben-Shakhar, & Crombez, 2017) using various
computerized RT paradigms, shows the potential of RTs to index deception, with a
large effect size (Cohen’s d = 1.05). Yet, the results are nearly exclusively based on nonforensic samples and studies lacking key ingredients of real-life deception.

On the limitations of instructed lying and cheating
Deception is commonly defined as a voluntary act (see Vrij, 2004), in which
deliberation and intention are key factors. Moreover, Sip and colleagues (2008) pointed
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out that deception comes without forewarning and instructions on when to deceive.
Yet, in laboratory studies on detecting deception, participants are often explicitly
instructed to lie (e.g., Furedy, Davis, & Gurevich, 1988) or commit a staged crime and
subsequently conceal knowledge (e.g., Lykken, 1959; Nahari & Ben-Shakhar, 2011). As
a consequence, questions can be raised about the suitability of these studies, involving
explicitly instructed rule-breaking, to mimic deception outside of the laboratory.
Cognitive and neuroscientific researchers have begun to explore the role of
voluntary dishonest behavior (Blakemore, Winston, & Frith, 2004; Kozel et al., 2005;
Mohamed et al., 2006; Sip et al., 2008). More recently, the field of detecting deception
has also started to focus on more ecologically valid paradigms to mimic deceit and
investigate its role in test sensitivity. For instance, Nahari, Breska, Elber, klein Selle,
and Ben-Shakhar (2017) let participants ‘choose’ to either enact a mock crime or an
innocent computerized task. The study revealed a similar CIT detection efficiency
based on psychophysiological and RT measures, for those who choose to commit the
mock crime as for participants who were explicitly ordered to commit the mock crime.
Yet in forced-choice-paradigms, even ‘deceptive’ participants are not guilty
rule-breakers, but in fact obediently complying with the experimenters’ instructions.
It is pointed out that deception, in all its complexity, can only be fully investigated
when the decision to deceive is based on the participants’ own initiative. The current
study attempts to address this limitation by investigating whether the act of deliberate
versus obedient cheating in this new paradigm influences the sensitivity of deception
detection techniques based on RT measures.

Current study
The vast majority of deception studies have relied upon instructed deception.
In an attempt to enhance external validity while maintaining experimental control,
self-initiated deception in the current study was defined as cheating on a trivia quiz.
Self-initiated cheaters were compared with instructed cheaters and non-cheaters (i.e.,
fair players).
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By borrowing successful cheating paradigms from the field of social psychology
and behavioral economics (see DeAndrea, Carpenter, Shulman, & Levine, 2009;
Domnich et al., 2015; Halevy, Shalvi, & Verschuere, 2014; Nagin & Pogarsky, 2003),
participants in the current experiment were provided with a monetary incentive for
high accuracy performance on a trivia quiz. Unbeknownst to the participants, the quiz
was constructed in a way that it would be almost impossible to earn the bonus without
looking up the correct answers on the last two questions.
Participants were randomly allocated to either a condition where they were
instructed to cheat on the quiz (mimicking the typical laboratory set-up) or to a
condition in which they were provided with the opportunity to cheat, yet without
explicit instructions to do so. In this manner, deceptive behavior was completely selfinitiated and involved the crucial deliberate intent to deceive. Moreover, contrary to
most laboratory research, participants in the current study were not aware of the fact
that they would partake in a memory detection test during the experiment. This way,
critical items were incidentally acquired and thereby both encoding and retention
resembled realistic settings (see Meixner & Rosenfeld, 2014).
By mirroring the conditions that would be present in a real-world environment,
individual differences in the decision to cheat were examined as a secondary aim of
this study. According to Lee and Ashton (2012), individual differences in honesty and
morality are a core component of personality, which they introduced as an additional
factor to the Big Five personality inventory. This specific new factor, called HonestyHumility (HH) in the HEXACO Personality Inventory (HEXACO-PI-R; Lee & Ashton,
2004), taps into differences in the willingness to manipulate others for personal gain,
the temptation to break rules, and interest in social status. Across six studies, a
consistent negative correlation was found between HH scores and the likelihood of
cheating (Hilbig & Zettler, 2015). In the current study, HH scores of self-initiated
cheaters and fair players are compared as to further explore differences between
participants who willingly cheat or not. It is expected that self-initiated cheaters report
to be more inclined to break rules for financial gain compared to fair players, reflected
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by lower HH scores in the HEXACO-PI-R. Furthermore, these two groups are
compared to the instructed cheaters, who form the baseline condition for this
particular measure. This allows us to clarify whether individual differences in cheating
behavior are driven by personality attributes of the cheaters (as often assumed) or of
the fair players.

METHOD
The study was approved by the ethical committee of the Department of Psychology of
the University of Amsterdam (2016-CP-7217). The tasks scripts and data are available
on https://osf.io/t9y7n.

Participants
The sample consisted of 433 students (79.4% female) from the University of
Amsterdam. Their average age was 20.41 years old (SDage = 2.41, range from 17-44).
Participants were recruited through a university portal and received course credits as
compensation. Participants were mainly students pursuing a degree in psychology
(52%), communication science (21%), or psychobiology (21%). All participants
provided consent before taking part in the study.
Participants were randomly allocated to the instructed cheating versus the
possibility to cheat condition with a 1:3 ratio, as the latter condition was subsequently
split in self-initiated cheaters versus fair players.
One of the two cheating-evoking questions of the trivia quiz asked about the
author of the novel ‘Wishful drinking’. However, halfway during data collection the
author passed away, which evoked multiple news items occasionally mentioning her
novel. Because of possible familiarity with the probe, we excluded the data of 44
participants that were tested in the week after Carrie Fisher´s illness and death. For all
subsequent participants, this trivia question was replaced with an equally difficult
question.
Instructed cheaters, self-initiated cheaters, and fair players. Based upon the
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instructions and their performance on the cheating-evoking trivia quiz questions,
participants were labeled instructed cheaters (i.e., those given instructions to cheat),
self-initiated cheaters (i.e., those given opportunity to cheat and answered the two
cheating-evoking questions correctly), or fair players (i.e., those given opportunity to
cheat and answered neither of the two cheating-evoking questions correctly). Twentytwo individuals answered only one of the two cheating-evoking questions correctly
and were excluded from further analysis due to an uncertain ground truth criterion
regarding their cheating behavior.
There were 130 participants in the instructed cheating condition (17.7% male,
Mage = 20.57, SDage= 2.83) who completed the HEXACO and trivia quiz. CIT data were
missing from 3 participants and 20 participants were excluded due to low target
accuracy2 (i.e., an error rate of 50% or more on target items, see Kleinberg &
Verschuere, 2015). The final sample for CIT analysis consisted therefore of 107
instructed cheaters (20.6% male, Mage = 20.72, SDage = 3.03).
There were 259 participants in the possibility to cheat condition (22.8% male,
Mage = 20.37, SDage = 1.95). One hundred seventy-five participants answered both
cheating-evoking questions of the trivia quiz correctly and were named the selfinitiated cheaters (23.4% male; Mage = 20.04, SDage = 1.73). All completed the HEXACO
and trivia quiz. CIT data were missing from 8 participants and 25 participants were
excluded due to low target accuracy. The final sample for CIT analysis consisted
therefore of 142 self-initiated cheaters (22.5% male, M age = 19.94, SD age = 1.65).
Sixty-two participants (21% male; Mage = 20.59, SDage = 2.32) did not know the
correct answers to the difficult quiz-questions and were therefore labeled fair players.
One participant responded incorrectly to two out of three validation questions in the
personality measure and was therefore excluded from HEXACO analysis. CIT data
were missing from 4 participants and 13 participants were excluded due to low target

2

This criterion ensured that only those participants who understood the instructions and took the task seriously

were included in the results (see Material).
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accuracy. The final sample for CIT analysis therefore consisted of 45 fair players (17.8%
male, Mage = 20.55, SDage = 1.89).
There were no significant differences in gender between the three groups, X2 (2)
= 1.48, p = .477, jc = .06. Of all 237 participants in the possibility to cheat condition
(partial cheaters excluded), 41 out of 54 male participants cheated on the trivia quiz
(75.9%). For female participants, 134 out of 183 (73.2%) cheated.
The three groups differed significantly in age, Welch’s F (2, 144.29) = 4.80, p =
.010, est. w2 = .21. A Games-Howell post hoc test revealed that self-initiated cheaters
were significantly younger than fair players (p = .018, d = 0.45). Both groups did not
differ significantly in age from instructed cheaters (p = .147, d = 0.23 and p = .591, d =
0.14, respectively). Note that data of 5 participants were missing from this analysis. As
the absolute age difference is minute and the potential impact within this range is very
limited, age was not included as a covariate in the reported analyses.

Material
HEXACO. Personality traits were assessed with the 60-item Dutch version of
the HEXACO Personality Inventory Revised (Ashton & Lee, 2009). This inventory
measures the six major dimensions of personality: Honesty-Humility, Emotionality,
Extraversion, Agreeableness, Conscientiousness, and Openness to experience.
Participants had to indicate to what extent they agreed or disagreed with each
statement on a 5-point Likert scale ranging from 1 (Completely disagree) to 5 (Completely
agree). Each scale showed a good internal consistency using Cronbach’s alpha
(Cronbach, 1951): Honesty-Humility (α = .71), Emotionality (α = .79), Extraversion (α
= .82), Agreeableness (α = .77), Conscientiousness (α = .80), and Openness to experience
(α = .76).
Trivia quiz. Participants engaged in a trivia quiz with ten open questions.
Participants were not aware of the fact that the quiz was constructed in a way that it
would be almost impossible to earn the bonus without looking up the correct answers
to the last two questions online. The chosen eight easy questions were correctly solved
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by approximately 90% of the participants in a pilot study. The two questions that were
each correctly solved by no more than 6% of the pilot's participants were classified as
cheating-evoking3. Therefore, the probability of answering all questions correctly
without cheating would be statistically highly unlikely. As a result, participants
claiming the trivia bonus for answering all ten questions correctly, including the two
cheating-evoking questions (‘Who coined the term dinosaur?’ as well as ‘Who wrote
the autobiographical book Prairie Tale: A Memoir?’ as a replacement for ‘Who wrote
the autobiographical book Wishful Drinking?’), were assumed to be cheaters. All items
were pretested to ensure that the correct answers could be found within the first three
search results on Google (see Domnich et al., 2015).
CIT. The CIT is a method designed to measure concealed knowledge using RTs.
The objective of the CIT is to verify whether the suspect possesses crime-related
information that only the perpetrator would be aware of. The method requires that the
examiner identifies a number of established facts from the investigation which only
the true culprit will be able to recognize. Then, the examiner presents various crimerelated details (i.e., probes) embedded in a set of foil items (i.e., irrelevants) while
measuring the suspects’ behavioral responses. By choosing irrelevant items carefully,
in a way that all options would seem equally plausible to unknowledgeable
individuals, all items should trigger a similar response pattern. By denying the crimerelevant items (i.e., responding “no” to probes instead truthfully admitting
recognition), guilty suspects actively conceal information.
Whereas the trivia quiz manipulated the conscious act of cheating for an
incentive versus fair playing, during the CIT all participants were explicitly instructed
to conceal their knowledge of the correct items. Participants are required to deny

3

Pilot questionnaires revealed that the eight easy questions were each correctly answered by 88-100% of the sample,

whereas the cheating-evoking questions were correctly answered by 0% (Who coined the term dinosaur?), 3% (Who
wrote the autobiographical book Wishful Drinking?) and 6% (Who wrote the autobiographical book Prairie Tale:
A Memoir?). Thus, the likelihood of answering two of these questions correctly is close to 0. When answering both
cheating-evoking questions correctly, participants were labeled ‘cheaters’.
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knowledge both for trials containing critical items (i.e., respond “no”, hence lying) as
well as irrelevant items (i.e., respond “no”, hence telling the truth). Lastly, target items
are added to ensure that examinees pay attention to all items. These items have to be
answered “yes” and are learned just before commencing the CIT.
Follow-up questionnaire. Motivational states were reported in a questionnaire
involving five questions that participants had to rate on a 5-point Likert scale. This
questionnaire measured how well participants were able to focus on the screen during
the CIT, how involved they were in the study, how well their memory was for the
items of the trivia quiz and the learned target items, as well as how much they tried to
avoid detection and appear innocent on the CIT.
Recall and recognition. Memory for the items of the trivia quiz was assessed
with a free recall followed by a recognition test. Participants first had to recall the
correct answer to the two easy as well as the two cheating-evoking questions from the
trivia quiz that were subsequently used in the CIT. Afterwards, participants had to
pick the correct option when presented with the probe and the four irrelevant options.
For recall, answers to the questions were each coded as either correct (1) or
incorrect (0), leading to a score between 0-2 per item type (i.e., easy and cheatingevoking questions). Using arbitrary criteria, answers were coded correct if participants
recalled both the first and last name correctly (e.g., Carrie Fisher as the author of the
novel Wishful Drinking) or when participants only recalled the last name correctly
(e.g., Fisher). When an incorrect first name was entered in combination with a correct
last name, or if only the first name was mentioned, the recall was coded as incorrect.
For recognition, items were scored as either correct (1) or incorrect (0), leading to a
score between 0-2 per item type (i.e., easy and cheating-evoking questions).

Procedure
Participants signed up for a study concerning the relationship between mood
and task performance, since announcing the true purpose of the study could distort
the goal to investigate self-initiated deceptive behavior. Participants completed the
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study online at their own time and on their own computer with keyboard.
Approximate total participation time was 60 minutes.
The first part of the experiment was hosted on the survey website Qualtrics.
After reading the information brochure and signing the informed consent, participants
started out with the 60-item Dutch version of the HEXACO Personality Inventory
Revised (de Vries, Lee, & Ashton, 2008). To control for serious participation, three
attentiveness checks were inserted (e.g., This is a control question, please indicate ‘I
completely agree’). Moreover, participants could not continue to the next page within
30 seconds to ensure proper inspection of the material.
Then participants engaged in two seemingly relevant problem-solving tasks
inserted to disguise the true purpose of the study. Participants were told that they
must complete these tasks alone within the timeframe of five minutes each. This was
followed by a trivia quiz with ten open (i.e., eight easy and two difficult, cheating
evoking) questions. It was again made clear to the participants that they should
complete the tasks alone within the timeframe of ten minutes, thereby indirectly
communicating that it was not allowed to use Google. Moreover, an incentive in
course credits was promised when all ten questions would be answered correctly.
Various tactics were inserted to increase the chance of cheating. To ensure a
sense of privacy and anonymity, demographics were not inquired until after the
experiment. Since a clear and fast reward has been shown to increase dishonest
behavior (Gino & Pierce, 2009), an incentive was offered to participants who answered
all trivia questions correctly. Also, since the odds of cheating are higher at the end of
a series than earlier, the cheating-evoking questions were presented as the last two
questions of the quiz. The temptation to cheat is maximized when people are faced
with the final opportunity to gain a reward (Effron, Bryan, & Murnighan, 2015). Lastly,
participants could not continue to the next assignment within the ten-minute time
frame. Pilot studies showed that this is enough time to finish the first eight easy
questions (roughly two minutes), while leaving ample time to retrieve the correct
answers online. Moreover, by setting the page timer to ten minutes, sufficient time was
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created for participants to take an active decision of whether to cheat or not. Perhaps
this also led to some frustration, thereby possibly providing entitlement and selfjustification for cheating behavior (see also Mazar, Amir, & Ariely, 2008).
For pilot purposes, participants were asked to report as specifically as possible
how they knew the answers to four randomly chosen questions from the trivia quiz.
In reality, these were always the same two easy and two cheating-evoking questions
that were later used in the CIT. This gave participants the opportunity to either confess
to cheating, deny their cheating, or repeat that they did not know the answer.
Participants also completed the 20-item Dutch version of the Positive and Negative
Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988) following the HEXACO,
the quiz and the opportunity to confess. Besides serving for pilot purposes, this
additional mood questionnaire facilitated the cover story, concealing the true purpose
of the study.
Then, participants continued to the second part of the experiment, starting with
the memory detection test programmed in Inquisit 4.0 by Millisecond Software.
Participants were told to hide their knowledge of the correct answers in the trivia quiz
they completed previously. Upon successful concealment4, an additional incentive in
course credits would be awarded. The CIT included answers to two of the easy
questions as to measure a baseline-response to known items, as well as the answers to
the two cheating-evoking questions that participants might have cheated on. Per
question, the CIT included the correct answer, four incorrect answers serving as
irrelevant options, and a target item. Hence, if Rome was the probe stimulus, the target
was Madrid and the irrelevant stimuli were Paris, Vienna, London, and Berlin.
Participants had to respond to the question ‘Is this the correct answer?’ by
pressing either the left (A-key) button for YES, or the right (L-key) button for NO on
their keyboard. The question and the response keys remained on the screen during the

4

Participants were given an additional bonus when their individual CIT score (dCIT = (MRT(probes) – MRT(irrelevants)) /

SDRT(irrelevants)) was below 0.2 (see also Noordraven & Verschuere, 2013).
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entire test as a reminder. Participants were instructed to respond with YES only to the
target items and NO to all other stimuli (i.e., both the correct answers of the trivia quiz
and the irrelevant options). Each trial consisted of one answer (e.g., Berlin) being
displayed as a word in the middle of the screen for exactly 1500ms. If the participant
did not give a response within the maximum response deadline of 800ms, the message
TOO SLOW appeared in red color above the stimulus for 200ms. If the participant’s
response was incorrect, that is responding with NO for target items or with YES to
probe or irrelevant items, the word WRONG appeared in red color below the stimulus
for 200ms. Response latency was measured from the onset of the stimulus on the
screen until one of the response keys was pressed. After key-press or after the 1500ms
presentation time, the next stimulus appeared on the screen with an inter-stimulus
interval (ISI) of either 250, 500, or 750ms to prevent response preparation.
In order to ensure proper understanding of the task and instructions, each
participant had to pass through a stepwise practice procedure that allowed
participants to become used to the speed and requirements of the task. Each of the
three practice phases of the memory detection test consisted of 24 trials. In the first
practice phase participants could pace the speed of the trial sequence themselves, so
that a new stimulus only appeared after a key press. Feedback was given upon an
erroneous response, but the TOO SLOW message was not presented. Participants
could proceed to the next phase when their target accuracy was at least 75%, otherwise
the first practice phase was repeated until this requirement was met. In the second
phase the 1500ms stimulus presentation was added, so that the next trial would
automatically appear upon key press or after 1500ms. Again, feedback was given upon
an erroneous response, but the TOO SLOW message was never presented. Participants
could only proceed to the next phase when their target accuracy was at least 50% and
as an additional requirement, when their mean response latency was below 800ms,
otherwise this practice phase was repeated until their performance was satisfactory.
The last practice phase was identical to the full test, including the WRONG and TOO
SLOW feedback. Participants could proceed to the actual test only when their target
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accuracy was at least 50% and when their mean response latency was below 800ms.
In the actual CIT, all words were presented in a 1:1:4 ratio, that is of the total
480 trials in the test, 80 were probe stimuli, 80 were target stimuli, and 320 were
irrelevant stimuli, so that each stimulus was displayed exactly 20 times. The sequence
of the stimuli was randomized, as well as the question types (i.e., easy and cheatingevoking), and the ISI.
After completing the CIT, participants were presented with a questionnaire
designed to assess their attention to the tasks, involvement in the experiment, memory
for the stimuli, and their motivation to avoid detection in the CIT on a 5-point Likert
scale ranging from 1 (not at all) to 5 (very much so). Then, participants were told that the
experiment was finished and they did not have to hide any information anymore. They
had to give honest answers to the four CIT questions (i.e., the two easy questions as
well as the two cheating-evoking questions) in a free-recall and subsequently in a
multiple-choice recognition test. Only thereafter demographic information was asked,
including gender, age, and field of study. Lastly, participants were debriefed and
compensated for participation.

RESULTS
CIT
Trials to which no response was recorded (i.e., RTs larger than 1500ms) were
excluded from all subsequent analyses. Moreover, trials with an incorrect response
(i.e., pressing NO for target items and/or YES for probe and irrelevant items) as well
as trials with a RT below 150ms and above 800ms (see also Verschuere, Crombez,
Degrootte, & Rosseel, 2010) were excluded from response latency analysis. Of all 294
participants who completed the CIT, three participants did not give the correct answer
to one of the easy questions and CIT trials addressing those questions were excluded
from analysis. CIT trials addressing the cheating-evoking questions for fair players
who admitted to have searched for the answer online without filling it in on the trivia
quiz, were excluded from analysis. On average, 445 trials (92.7%) per participant were
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included in analyses (range: 61.5%-98.0%). All analyses used an alpha level of .05.
Effect sizes for the ANOVA are reported using Cohen’s f. For follow-up contrasts
Cohen’s d is used5. Cohen’s d for within-subject and between-subject comparisons are
annotated as dwithin and dbetween. As a rule of thumb, Cohen (1988) proposed 0.20, 0.50,
and 0.80 as thresholds for “small”, “moderate”, and “large” effects, respectively, for d
values and 0.10, 0.25, and 0.40 as thresholds for “small”, “moderate”, and “large”
effects, respectively for f values. Moreover, JZS Bayes factors were computed using
JASP software version 0.8.4, which are numerical values quantifying the odds ratio
between the null and the alternative hypothesis given the data. A default JZS prior
with scaling factor r = 0.707 was used for the alternative hypothesis (see Rouder,
Speckman, Sun, Morey, & Iverson, 2009). The JZS Bayes factors are reported as either
in favor of the null or the alternative hypothesis. Using Jeffreys’ (1961) criteria, a Bayes
factor of three or more is taken as substantial evidence for the respective hypothesis.
Lastly, the area under the Receiver Operating Characteristic (ROC) curve was
calculated. This statistic describes the detection efficiency of the CIT in differentiating
between knowledgeable and unknowledgeable individuals, computed across all
possible cut-off points on the detection score. The ROC area varies between 0 and 1,
with a chance level of 0.5 (for a more detailed description, see Lieblich, Kugelmass, &
Ben-Shakhar, 1970).
RTs. In the main analysis, a 3 (Condition: self-initiated cheater vs. instructed
cheater vs. fair player, between-participants) by 2 (Stimulus: probe vs. irrelevant,
within-participants) by 2 (Question: easy vs. cheating, within-participants) mixed
ANOVA was conducted on RTs in milliseconds. Although RTs were the prime
outcome measure as they are typically more valid than error rates (Kleinberg &

5

The probe-irrelevant within-subject contrast was calculated as dwithin = M(RT(probes) – RT(irrelevants) / √(SD(probes)2 +

SD(irrelevants)2 – 2*r*SD(probes)*SD(irrelevants), where r is the Pearson correlation between RT(probes) and RT(irrelevants). The
between-subject contrast was calculated as dbetween = (MRT(probe-irrelevant difference group 1) – MRT(probe-irrelevant difference group 2) / √(((n(group 1
– 1)*SD(probe-irrelevant difference group 1)2 + (n(group 2 – 1)*SD(probe-irrelevant difference group 2)2) / ngroup1 + ngroup2 – 2), see also Lakens (2013) and
Suchotzki et al. (2017).
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Verschuere, 2015), the same ANOVA was conducted and reported for error rates.
The mixed ANOVA revealed significant main effects of Stimulus, F(1, 288) =
188.59, p < .001, f = 0.81 (i.e., longer RTs to probes than to irrelevants), and Question,
F(1, 288) = 136.48, p < .001, f = 0.69 (i.e., longer RTs to the cheating-evoking questions
than to the easy questions). Significant interactions were revealed between Condition
and Stimulus, F(2, 288) = 5.48, p = .005, f = 0.20 (i.e., larger probe-irrelevant difference
for self-initiated and instructed cheaters than for fair players) and between Condition
and Question, F(2, 288) = 3.33, p = .037, f = 0.15 (i.e., greater difference in RTs between
the cheating-evoking and easy questions for self-initiated and instructed cheaters
compared to fair players). These effects are collapsed under a statistically significant
three-way interaction of Condition by Stimulus by Question, F(2, 288) = 7.38, p = .001,
f = 0.23. Table 1 shows the mean RTs for each cell of the design.
To narrow down the three-way interaction, a 3 (Condition: self-initiated cheater
vs. instructed cheater vs. fair player, between-participants) by 2 (Stimulus: probe vs.
irrelevant, within-participants) mixed ANOVA was conducted for the easy and the
cheating-evoking questions separately.
For the easy questions, the ANOVA revealed a significant main effect of
Stimulus, F(1, 291) = 94.18, p < .001, f = 0.57 and no significant interaction between
Condition and Stimulus F(2, 291) = 0.14, p = .867, f = 0.03. This indicates that there was
a clear CIT-effect across the conditions and since all participants knew the correct
answer, no differences emerged between the three conditions.
For the cheating-evoking questions, the ANOVA revealed a significant main
effect of Stimulus, F(1, 288) = 89.31, p < .001, f = 0.56 and a significant interaction
between Condition and Stimulus F(1, 288) = 13.33, p < .001, f = 0.30. This indicates that
the CIT-effect differed according to the condition. Planned contrasts in a follow-up
one-way ANOVA on RT difference scores (i.e., RTprobe – RTirrelevant) revealed a significant
difference between the two conditions in which participants knew the correct answer
to the cheating-evoking questions (i.e., self-initiated and instructed cheaters) versus
the fair players, who did not know the correct answers, t(288) = 5.08, p < .001, dbetween =
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0.83, BF = 19512.42 in favor of the alternative hypothesis. There was no significant
difference in the RTs between the self-initiated and instructed cheaters, t(288) = -1.20,
p = .232, dbetween = 0.15, BF = 3.62 in favor of the null hypothesis.

Table 1. Mean reaction times (in ms) and mean error rates (in %; SD in Parentheses)
for easy and difficult questions for self-initiated cheaters, instructed cheaters, and fair
players.
Self-Initiated Cheaters
(n = 142)

Instructed Cheaters
(n = 107)

Fair Players
(n = 45)

RTs
Probe

Irrelevant

p-value

dwithin

Probe

Irrelevant

p-value

dwithin

Probe

Irrelevant

p-value

dwithin

Easy
Questions

468 (43)

452 (36)

p < .001

0.65
[0.50; 0.81]

470 (40)

455 (31)

p < .001

0.59
[0.42; 0.77]

478 (41)

461 (29)

p < .001

0.59
[0.23; 0.96]

Difficult
Questions

493 (49)

472 (39)

p < .001

0.81
[0.63; 0.99]

499 (41)

475 (34)

p < .001

0.98
[0.76; 1.21]

483 (34)

481 (33)

p = .607

0.10
[-0.28; 0.47]

Error Rates
Probe

Irrelevant

p-value

dwithin

Probe

Irrelevant

p-value

dwithin

Probe

Irrelevant

p-value

dwithin

Easy
Questions

5.46 (5.91)

1.95 (1.77)

p < .001

0.60
[0.45; 0.76]

5.86 (8.16)

2.61 (4.75)

p < .001

0.55
[0.37; 0.72]

7.67 (7.45)

2.39 (3.37)

p < .001

0.75
[0.38; 1.12]

Difficult
Questions

5.83 (6.85)

1.92 (1.85)

p < .001

0.58
[0.44; 0.73]

6.33 (7.73)

2.40 (4.74)

p < .001

0.67
[0.48; 0.85]

3.44 (6.58)

2.88 (3.51)

p = .479

0.11
[-0.24; 0.45]

ROC. To analyze detection efficiency of

classifying individuals as

knowledgeable (i.e., cheaters) vs. unknowledgeable (i.e., fair players), we compared
the distribution of the within-person detection scores for both self-initiated cheaters
and instructed cheaters with the detection score distribution of fair players. For both
of these comparisons, we computed the ROC area as well as their respective 95%
confidence intervals. Analysis reveals that detection efficiency was significantly larger
than a chance area of 0.50 for both self-initiated and instructed cheaters with ROC
areas of 0.73 [0.64; 0.81] and 0.78 [0.70; 0.86], respectively.
Error rates. The 3 (Condition: self-initiated cheater vs. instructed cheater vs. fair
player, between-participants) by 2 (Stimulus: probe vs. irrelevant, within-participants)
by 2 (Question: easy vs. cheating, within-participants) mixed ANOVA on error rates
revealed a significant main effect of Stimulus, F(1, 291) = 148.99, p < .001, f = 0.72 (i.e.,
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more errors to probes than to irrelevants), that was qualified by the Condition by
Question, F(2, 291) = 3.59, p = .029, f = 0.16 and Stimulus by Question, F(1, 291) = 4.39,
p = .037, f = 0.12 interactions. These effects are collapsed under the three-way significant
interaction of Condition by Stimulus by Question, F(2, 291) = 6.71, p = .001, f = 0.21.
Table 1 shows the mean errors for each cell of the design.
To narrow down the three-way interaction, a 3 (Condition: self-initiated cheater
vs. instructed cheater vs. fair player, between-participants) by 2 (Stimulus: probe vs.
irrelevant, within-participants) mixed ANOVA was conducted for the easy and the
cheating-evoking questions separately.
For the easy questions, the ANOVA revealed a significant main effect of
Stimulus, F(1, 291) = 102.25, p < .001, f = 0.59 and no significant interaction between
Condition and Stimulus F(2, 291) = 1.88, p = .155, f = 0.11. This indicates that there was
a clear CIT-effect across the conditions and since all participants knew the correct
answer, no differences emerged between the three conditions.
For the cheating-evoking questions, the ANOVA revealed a significant main
effect of Stimulus, F(1, 291) = 47.44, p < .001, f = 0.40 and a significant interaction
between Condition and Stimulus F(2, 291) = 5.55, p = .004, f = 0.20. Planned contrasts in
a follow-up one-way ANOVA conducted on the error rate difference scores (i.e., error
rateprobe – error rateirrelevant) revealed a significant difference between the two conditions
in which participants knew the correct answer to the cheating-evoking questions (i.e.,
self-initiated and instructed cheaters) versus the fair players, who did not know the
correct answers, t(291) = 3.33, p = .001, dbetween = 0.54, BF = 27.32 in favor of the alternative
hypothesis. There was no significant difference in the error rates difference scores
between self-initiated and instructed cheaters, t(291) = -0.04, p = .972, dbetween = 0.00, BF =
7.13 in favor of the null hypothesis.

HEXACO
A one-way ANOVA was conducted on the data of the 366 participants who
successfully completed the HEXACO personality measure, to determine whether
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reported Honesty-Humility differed between the three experimental conditions.
Analysis revealed no statistically significant difference between the three conditions
on Honesty-Humility, F(2) = 1.95, p = .144, f = 0.11.
For completion sake, we contrasted the groups on Honesty-Humility. The
planned contrast did not show a statistically significant difference between selfinitiated cheaters (M = 3.18, SD = 0.54) and fair players (M = 3.30, SD = 0.56, t(363) = 1.51, p = .133, dbetween = 0.22, BF = 2.15 in favor of the null hypothesis). Post-hoc
comparisons with Bonferroni correction revealed that self-initiated cheaters as well as
fair players did not differ from the control group (i.e., instructed cheaters; M = 3.14, SD
= 0.53, p = 1.00, dbetween = 0.07, and p = .149, dbetween = 0.30, respectively).
Also, for sake of completion, additional ANOVAs showed no significant effects
for the remaining personality factors, Emotionality, F(2) = 0.13, p = .881, f = 0.03,
Agreeableness, F(2) = 0.28, p = .760, f = 0.04, Conscientiousness, F(2) = 0.38, p = .684, f =
0.04, or Openness to Experience, F(2) = 1.52, p = .221, f = 0.09. There was a statistically
significant difference between the three conditions on Extraversion, Welch’s F (2,
147.10) = 3.59, p = .030, est. w2 = 0.01. A Games-Howell post-hoc test that contrasted
self-initiated cheaters (M = 3.62, SD = 0.54) with fair players (M = 3.37, SD = 0.78),
revealed a marginally significant effect of Extraversion (p = .053, dbetween = 0.41). No
significant differences in levels of Extraversion emerged between the self-initiated
cheaters and fair players with the control group of instructed cheaters (M = 3.51, SD =
0.54, p = .169, dbetween = 0.20 and p = .402, dbetween = 0.22, respectively). Table 2 shows the
descriptive statistics and internal consistency.
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Table 2. Mean scores (SDs in parentheses) on the factors of 60-item Dutch version of
the HEXACO-PI-R on a 5-point Likert scale.
Self-Initiated

Fair Players

Cheaters

Instructed

p-value

Effect

Internal

size

Consistency

Cheaters

(n = 175)

(n = 61)

(n = 130)

Honesty-Humility

3.18 (0.54)

3.30 (0.56)

3.14 (0.53)

p = .144

f = 0.11

α = .71

Emotionality

3.24 (0.62)

3.29 (0.52)

3.26 (0.66)

p = .881

f = 0.03

α = .79

Extraversion

3.62 (0.54)

3.37 (0.78)

3.51 (0.54)

p = .030

w2 = 0.01

α = .82

Agreeableness

3.13 (0.58)

3.10 (0.60)

3.08 (0.59)

p = .760

f = 0.04

α = .77

Conscientiousness

3.47 (0.65)

3.39 (0.62)

3.47 (0.61)

p = .684

f = 0.04

α = .80

Openness to

3.33 (0.61)

3.49 (0.63)

3.41 (0.66)

p = .221

f = 0.09

α = .76

2

Experience

Follow-up questionnaire
Of all 294 participants who successfully completed the CIT, one participant did
not complete the follow-up questionnaire and was therefore excluded from this
analysis. Table 3 shows the mean scores for each cell of the design.
The three conditions did not differ in their reported focus, F(2) = 0.77, p = .462, f
= 0.07, involvement, F(2) = 0.03, p = .970, f = 0.00, memory for the target items, F(2) =
0.22, p = .806, f = 0.03, or motivation to avoid detection, F(2) = 0.649, p = .523, f = 0.06.
Analysis revealed a statistically significant difference between the three conditions on
their reported memory for the answers of the trivia quiz, Welch’s F (2, 115.59) = 3.49, p
= .043, est. w2 = .02.
A Games-Howell post-hoc test showed that the fair players (M = 3.56, SD = 1.01)
differed significantly from both instructed (M = 3.97, SD = 0.81, p = .044, dbetween = 0.47)
and self-initiated cheaters (M = 3.96, SD = 0.89, p = .051, dbetween = 0.43) on reported
memory for the answers of the quiz. The latter two conditions did not differ
significantly (p = .990, dbetween = 0.01).
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Table 3. Mean scores (SDs in parentheses) on the follow-up questionnaire on a 5point Likert scale.
Self-Initiated

Fair

Instructed

p-value

Effect

Cheaters

Players

Cheaters

(n = 141)

(n = 45)

(n = 107)

Reported focus

3.18 (0.54)

3.30 (0.56)

3.14 (0.53)

p = .144

f = 0.11

Reported involvement

3.24 (0.62)

3.29 (0.52)

3.26 (0.66)

p = .881

f = 0.03

Reported memory trivia quiz

3.62 (0.54)

3.37 (0.78)

3.51 (0.54)

p = .030

w2 = 0.01

Reported memory for target items

3.13 (0.58)

3.10 (0.60)

3.08 (0.59)

p = .760

f = 0.04

Reported effort to hide knowledge

3.47 (0.65)

3.39 (0.62)

3.47 (0.61)

p = .684

f = 0.04

size

Recall and recognition
Of all 294 participants who successfully completed the CIT, one participant did
not complete the free recall and recognition tasks that assessed memory for the four
critical items of the trivia quiz.
Recall. A one-way ANOVA for the easy questions revealed a clear ceiling effect
for self-initiated cheaters (M = 1.99, SD = 0.08), instructed cheaters (M = 1.96, SD = 0.23),
and fair players (M = 1.89, SD = 0.38), with no significant difference in recall rate
between the conditions, Welch’s F (2, 88.71) = 2.35, p = .101, est. w2 = .01. A second oneway ANOVA for the cheating-evoking questions revealed a significant difference
between self-initiated cheaters (M = 1.64, SD = 0.69), instructed cheaters (M = 1.55, SD
= 0.73), and fair players (M = 0.16, SD = 0.47), Welch’s F (2, 142.53) = 149.11, p < .001, est.
w2 = .50. A Games-Howell post-hoc test showed that the fair players scored
significantly lower than both instructed (p < .001, dbetween = 2.08) and self-initiated
cheaters (p < .001, dbetween = 2.29). The latter two conditions did not differ significantly
(p = .609, dbetween = 0.13).
Recognition. A one-way ANOVA for the easy questions revealed a ceiling
effect of recognition for self-initiated cheaters (M = 1.99, SD = 0.08), instructed cheaters
(M = 1.98, SD = 0.14), and fair players (M = 1.98, SD = 0.15), with no significant
difference in recognition rate between the conditions, F(2) = 0.45, p = .641, f = .05. A
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second one-way ANOVA for the cheating-evoking questions revealed a significant
difference between self-initiated cheaters (M = 1.98, SD = 0.14), instructed cheaters (M
= 1.98, SD = 0.14), and fair players (M = 0.78, SD = 0.70), Welch’s F (2, 99.82) = 64.80, p <
.001, est. w2 = .30. A Games-Howell post-hoc test showed that the fair players scored
significantly lower than both instructed (p < .001, dbetween = 3.01) and self-initiated
cheaters (p < .001, dbetween = 3.29). The latter two conditions did not differ significantly
(p = .989, dbetween = 0.00).

2
DISCUSSION

To examine the external validity of detection of deception research, the current study
explored whether the cognitive signature of lying differs for instructed versus selfinitiated cheating. Using a well-established paradigm (CIT; Lykken, 1959; Verschuere,
Ben-Shakhar, & Meijer, 2011) and measure (RTs; Suchotzki et al., 2017), we instructed
some participants to cheat on a trivia quiz, while providing others with an opportunity
and incentive to cheat without an explicit instruction. Results of 294 memory detection
tests replicated the typically observed response pattern (i.e., increased response
latency for relevant items), with no differences between instructed and self-initiated
cheaters. This result indicates that the cognitive signature of lying extends to selfinitiated cheating, thereby strengthening the external validity of CIT studies using
RTs. Additionally, the CIT adequately discriminated between cheating participants
and fair players.

The cognitive signature of lying
From a cognitive perspective lying is regarded as a cognitive process that
imposes a greater burden on our executive functions than truth telling, which is
viewed as the default in human communication. A growing literature, using a diverse
array of paradigms and measures, provides increasing support for the idea that lying
is typically more demanding than truth telling (Caso et al., 2005; Debey, Ridderinkhof,
De Houwer, De Schryver, & Verschuere, 2015; Debey, Verschuere, & Crombez, 2012;
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Duran et al., 2010; Vrij et al., 1996; Walczyk et al., 2003). In the current paradigm this
response conflict is reflected by the prolonged RT when deliberately denying
knowledge compared to responding to neutral irrelevant options. Using this contrast
between probes and irrelevant items, the CIT distinguished cheaters from fair players
(d = 0.83).
While various approaches using the cognitive load theory have emerged, the
specific underlying mechanisms that generate the difference between liars and truthtellers remains debated. Researchers have summoned to investigate how various
executive functions such as working memory and response inhibition exactly
contribute to this cognitive signature of lying (see Blandón-Gitlin, Fenn, Masip, & Yoo,
2014; Gombos, 2006) and whether boundary conditions apply. By investigating the
influence of self-initiated (as opposed to laboratory-induced) behavior, the current
findings shed a light on the role of intent on the cognitive processes underlying
deception.
Recent insights suggest that Response Inhibition (RI; Verschuere, Crombez,
Koster, van Bockstaele, & de Clercq, 2007) plays a critical role in obtaining the
cognitive signature of lying, in particular for the RT-CIT (Suchotzki et al., 2017). The
RT-CIT has been found to be influenced by neither item saliency (klein Selle et al.,
2017) nor by increased motivation to avoid detection (Kleinberg & Verschuere, 2016).
This could explain why no differences in detection accuracy were found between the
participants who were instructed to cheat on the quiz (mimicking the typical
laboratory set-up) and the participants who cheated on the quiz on their own initiative
(d = 0.15, as well as substantial evidence for the null hypothesis; BF = 3.62 in favor of
the null hypothesis).
The data corroborate the hypothesis of the cognitive impact on lying, with the
addition that it is not restricted to explicitly instructed cheating, but can also be
observed for intentional, self-initiated cheating.
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Who cheats?
Literature in clinical psychology has focused on personality traits that causes
some individuals to cheat with a higher likelihood than others. For instance,
psychopathy (Nathanson, Paulhus, & Williams, 2006) has been linked to increased
likelihood of cheating. In fact, individual propensity to cheat has been deemed so
important that Honesty-Humility was added as an additional factor to the Big Five in
the HEXACO model of personality (Hilbig & Zettler, 2015). Social psychology on the
other hand has focused on state factors that prompt individuals to cheat, depending
on the situational context. For example, cheating behavior increased when participants
were placed in a dark room (Zhong, Bohns, & Gino, 2010), were given limited time to
think (Shalvi, Eldar, & Bereby-Meyer, 2012), when monetary rewards were given to
charity (Lewis et al., 2012), or when others could benefit from their cheating behavior
(Gino, Ayal, & Ariely, 2013).
While participants actively decided to cheat or not, no significant differences
emerged in Honesty-Humility between the self-initiated cheaters and fair players. The
high cheating rate (75%) that was found in the current study, therefore seems to be
influenced by the situation, rather than a reflection of differences in personality traits.
Since we created a fairly unambiguous and strong manipulation (i.e., an untraceable
opportunity to cheat for a reward in an online setting), room for individual differences
was limited. Hence, the obtained results are relatively uniform across participants.
This concept of a strong situation (Ickes, 1982; Lissek, Pine, & Grillon, 2006; Mischel,
1977; Monson & Snyder, 1977) as described in social psychology, might be an
important limitation to measuring interpersonal differences in the current
experimental setting. A less anonymous situation in which participants are more
hesitant to transgress experimental rules, might reveal individual differences that did
not emerge in the current study.
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Applied implications
The current study speaks to the ecological validity of the Concealed Information
Test. While the CIT has been tested in hundreds of studies, those studies typically used
artificial settings, with trivial stimuli (e.g., play cards or mock-crime items),
undergraduate participants, little or no incentives, and an explicit instruction to cheat
or lie. More recently, researchers have started to manipulate those factors exploring
whether and how they influence CIT validity. Several factors have been found to have
little or no affect, including stress and arousal during crime and test (klein Selle et al.,
2017; Peth, Vossel, & Gamer, 2012). Other factors, such as time between encoding and
test (Carmel, Dayan, Naveh, Raveh, & Ben-Shakhar, 2003; Nahari & Ben-Shakhar,
2011; Peth et al., 2012) have found to affect CIT validity. The current study adds to this
growing body of research by indicating that self-initiated cheaters were
indistinguishable in their responses from instructed cheaters.
Besides tackling the effect of self-initiated versus instructed cheating, the
current paradigm also allows for testing incidentally acquired, real-world memories
(see also Meixner & Rosenfeld, 2014) as opposed to controlled, artificial encoding of
stimuli. That is, in most laboratory studies participants typically acquire information
through mock-crime procedures in which a certain object has to be stolen from a
specified location. This results in an artificial focus on these stimuli, which have to be
memorized for the sake of the experiment. In the current paradigm, participants
acquired the critical information in a natural setting. By using various distracting filler
tasks and a plausible cover story, it can be assumed that participants did not
deliberately retain the information until the memory detection test. While this new
method was particularly designed for external validity purposes rather than
demonstrating the CIT-effect, moderate to large effect sizes were found. These results
are promising and should encourage further field application of memory detection.
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Limitations and suggestions for future research
This study is not without its limitations. First, the goal of the current paradigm
was to compare self-initiated cheating with instructed cheating and fair playing, so it
was crucial to elicit spontaneous cheating on the trivia quiz. It bears mentioning that
some participants might have known the answer to the cheating-evoking questions
and actually did not cheat. While the anonymous online setting cannot confirm
cheating with absolute certainty, pilot studies in similar samples showed that the
chance of knowing the answers to both questions was statistically very small. Still, in
a subsequent experiment, this could be prevented by monitoring the participants’
screen or asking non-existing questions of which the answers can only be found on a
webpage designed by the experimenter.
Second, a question can be raised as to whether participants considered looking
up the correct answers online as cheating, when the instructions merely required
participants to solve the quiz ‘alone’. Yet, this wording was specifically chosen to
create a situation in which participants could spontaneously initiate cheating behavior.
Explicit instructions not to use Google were avoided, since it could have provoked the
opposite effect, besides possibly revealing the true nature of the study. As a drawback
of these instructions, participants might have assumed it was not necessarily
prohibited. Interestingly, a substantial number of self-initiated cheaters (40%) felt the
need to justify their correct response on the trivia quiz, when presented with an
opportunity to confess. This might be an indication that using Google was in fact
considered rule-breaking behavior.
Third, the study was run online. Participants used their own computer and
internet connection throughout the various stages of the 60-minute experiment. While
attentiveness during online testing has been voiced as a concern, various researchers
have positively evaluated the use of online platforms for psychological studies (see
Bartneck, Duenser, Moltchanova, & Zawieska, 2015; Mason & Suri, 2012). Despite fully
acknowledging the lack of complete control, it is noteworthy that (1) attentiveness
checks were inserted in the questionnaires and that very few participants failed the
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test; (2) incentives were included for good performance; (3) participants had extensive
practice before commencing the CIT, and (4) strict exclusion criteria were used. Given
the low number of participants who were excluded based on inattentiveness in the
HEXACO questionnaire or in the CIT, as well as the high trial accuracy in the CIT for
the remaining participants, we think that memory detection could be meaningfully
investigated in the current online setting.

CONCLUSIONS
The results imply that the cognitive signature of lying (slower responses when lying
as compared to truth telling) extends to self-initiated cheating. This finding is
encouraging from an ecological validity perspective and may pave the way for further
field implementation of memory detection.

58

CHAPTER 3
Self-initiated versus instructed
cheating in the physiological
Concealed Information Test
Linda M. Geven
Nathalie klein Selle
Gershon Ben-Shakhar
Merel Kindt
Bruno Verschuere

This chapter is published as:
Geven, L. M., klein Selle, N., Ben-Shakhar, G., Kindt, M., & Verschuere, B. (2018). Selfinitiated versus Instructed Cheating in the Physiological Concealed Information Test.
Biological Psychology, 138, 146–155.
http://doi.org/10.1016/j.biopsycho.2018.09.005

Chapter 3

ABSTRACT
The validity of the Concealed Information Test (CIT) to detect recognition of critical
details has been demonstrated in hundreds of laboratory studies. These studies,
however, lack the factor of deliberate intent to deceive. This disparity between
research and practice may affect the generalizability of laboratory-based CIT findings.
In the current study, 65 out of 174 participants cheated on their own initiative
in a trivia quiz. These self-initiated cheaters were compared to 68 participants who
were explicitly requested to cheat. Skin conductance, heart rate, and respiration were
found to detect concealed information related to cheating. No significant differences
emerged between self-initiated and instructed cheaters, supported by Bayesian
statistics showing substantial evidence for the null hypothesis. The data demonstrate
that the validity of the CIT is not restricted to instructed deception. This finding is
encouraging from an ecological validity perspective and may pave the way for further
field implementation of memory detection.
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INTRODUCTION
The Concealed Information Test (CIT; initially called the Guilty Knowledge Test;
Lykken, 1959) seems to offer a valid method of detecting whether examinees recognize
critical details. Yet, there are notable differences between laboratory and real-world
applications. The current study examines whether the validity of the CIT for selfinitiated cheating (characteristic of real-world applications) differs from the validity
observed when examinees are instructed to cheat (typical of laboratory studies).
The CIT is designed to detect concealed knowledge rather than deception and
is constructed like a multiple-choice test. Specifically, it comprises several questions,
each having one critical (e.g., crime-related) and several equally plausible irrelevant
items. The CIT assesses whether the examinee recognizes the critical item, assumed to
be known only to individuals involved in a crime (i.e., the perpetrator and the
investigative team). For example, in case of a homicide, the CIT might include
questions concerning the murder weapon or the location of the victim in the crime
scene (e.g., ‘Where was the victim found? a) bathroom, b) kitchen, c) bedroom, d)
garden, e) living room’).
During the presentation of the CIT items, physiological responses (e.g., skin
conductance, heart rate, and respiration) are assessed. Distinct responses to the correct
item compared to responses to the plausible, but incorrect alternatives, indicate
recognition of the critical items. This differential response to the crime-related
information is known as the CIT-effect. Innocent examinees who are unaware of the
location of the victim, in this example, are expected to respond similarly to all
presented options.
Traditionally, the CIT-effect has been accounted for by the orienting response
(OR) theory (see Lykken, 1974). As ORs are elicited by salient stimuli (Sokolov, 1963),
it was assumed that enhanced responses to the critical CIT items reflect an OR. More
specifically, the critical detail holds an increased significance to the perpetrator, but
not to an innocent examinee. While OR theory generally fits the data (e.g., habituation
effects upon repetition; Verschuere, Crombez, de Clercq, & Koster, 2004), it has
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recently been demonstrated that this theory does not explain the CIT-effect with all
physiological measures.
Specifically, new insights (klein Selle, Verschuere, Kindt, Meijer, & BenShakhar, 2016, klein Selle, Verschuere, Kindt, Meijer, Nahari, et al., 2017) suggest that
the OR account of the CIT-effect particularly holds for the skin conductance response
(SCR), while heart rate (HR) and respiration line length (RLL) may reflect attempts to
inhibit the arousal associated with the presentation of the critical items. In order to
remain undiscovered, knowledgeable individuals need to suppress this increased
arousal which accompanies the presentation of crime-related details. Yet, this effort
comes at a cost (Pennebaker & Chew, 1985), paradoxically reflected by an even
stronger physiological response to the critical items.

Laboratory research: current findings and limitations
The majority of the existing data confirming the validity of the CIT is derived
from laboratory studies. There exist several paradigms, with the mock-crime
procedure being amongst the most popular (Meijer, klein Selle, Elber, & Ben-Shakhar,
2014). In the mock-crime procedure, participants in the “guilty” condition are
instructed to enact an antisocial act for the sake of the experiment (e.g., theft of an
envelope with money). The details of this crime (e.g., the amount of money stolen)
subsequently serve as critical items in the CIT. Meta-analyses of CIT studies have
demonstrated large effect sizes for differentiating between knowledgeable and
unknowledgeable individuals (d = 1.55, 95% CI [1.44; 1.66] for SCR, d = 1.11, 95% CI
[1.00; 1.22] for RLL, and d = 0.89, 95% CI [0.80; 0.99] for HR; Meijer et al., 2014).
Yet, mock-crime procedures differ from real life in many aspects, including
characteristics of the examinees (Lykken, 1959; Verschuere, Crombez, Koster, & de
Clercq, 2007), the stakes of the test outcome, and the (emotional) nature of the
questions (klein Selle, Verschuere, Kindt, Meijer, Nahari, et al., 2017). Therefore,
questions can be raised about the suitability of mock-crime studies to assess the
validity of the CIT. A notable difference is that in real life, people deliberately engage
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in the antisocial act under investigation, whereas laboratory participants merely
follow the experimental instructions in a mock crime (paradoxically making the
instructed antisocial act actually a prosocial act). Thus, while laboratory research is
important for establishing a controlled environment in which particular variables can
be disentangled, it has limited external validity. This gap between research and
practice may affect the generalizability of laboratory-based CIT findings (see also BenShakhar & Nahari, 2018).

Bridging the gap
In recent years, researchers have attempted to tackle the external validity
problem by systematically manipulating various factors that differ between the
laboratory and real-world setting. As deception is commonly defined as a voluntary
act (see Vrij, 2004), this study focuses on the factor of intent when investigating the
validity of the CIT. As far as we know, only two studies have looked at the influence
of deliberate deception. Nahari, Breska, Elber, klein Selle, and Ben-Shakhar (2017) let
participants freely choose to perform either a mock crime or an innocent computer
task and compared those participants to an ‘instructed’ condition in which the subjects
were explicitly ordered by the experimenter to do either of the tasks. The study
revealed similar CIT detection efficiency for participants who made an active decision
to commit the mock crime and those who committed the crime upon instruction. A
downside of their design was that participants choosing to commit the mock crime in
fact still obediently complied with the researchers’ instructions.
To address this limitation, we developed a new design that provided
participants with an opportunity and an incentive to cheat, allowing a more
unambiguous comparison of self-initiated and instructed cheating. In this design,
participants were randomly assigned to either a condition in which they were ordered
to cheat on a 10-item trivia quiz by looking up the answers online (mimicking the
typical laboratory set-up) or to a condition in which they were provided with the
opportunity and incentive to cheat, yet without explicit instructions to do so.
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Unbeknownst to the participants, the trivia quiz was constructed in a way that the first
eight questions were fairly easy, but earning the bonus would require also correctly
answering the last two questions that were piloted extensively to be nearly impossible
to solve without cheating.
A first study with this design, conducted in an online setting and relying on
response time as the dependent measure in the CIT, found that 175 out of 259 (67.6%)
participants cheated on their own initiative (Geven, Ben-Shakhar, Kindt, &
Verschuere, 2018). The results revealed that the RT-CIT was a valid measure of
detecting concealed information, while its validity was unaffected by self-initiated
versus instructed cheating.
In the present study, we use our novel design to study the impact of
spontaneous cheating on autonomic responding to concealed information. This
extension is important for at least two reasons. First, applied usage in criminal
proceedings currently relies solely on autonomic nervous system measures (Osugi,
2018). Second, new insights reveal response fractionation: different CIT response
measures tap into different processes. The RT-CIT (Suchotzki, Verschuere, van
Bockstaele, Ben-Shakhar, & Crombez, 2017), presumed to rely on response inhibition,
may not be affected by putative process variables such as item saliency (klein Selle et
al., 2017) or increased motivation to avoid detection (Kleinberg & Verschuere, 2016)
associated with self-initiated cheating. While HR and RLL mainly depend on response
inhibition, SCR is reasoned to primarily reflect the orienting response. As self-initiated
cheating might increase item saliency, it may affect the SCR CIT-effect.
As a secondary research question, our design allowed to examine whether
personality traits predict self-initiated cheating. Previous research has shown that low
Honesty-Humility (HH) scores – reflecting the inclination to break rules in order to
obtain material or financial gains – were predictive of cheating behavior (Hilbig &
Zettler, 2015). Following the findings from Hilbig and Zettler (2015), it was expected
that participants who deliberately cheat in the current paradigm show lower HH
scores than fair players. It remains unclear to date whether such differences are driven
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by the personality of the cheater (i.e., particularly low HH scores) and/or by that of fair
players (i.e., particularly high HH scores). Besides investigating whether indeed
participants who deliberately cheat show lower HH scores than fair players, the
current paradigm allows for an additional comparison with the randomly assigned
group of instructed cheaters. The instructed cheating group can serve as a norm group
to reveal whether the effect of personality on cheating is driven by significantly low
HH of cheaters, or by high HH scores of fair players.

METHOD
Ethical approval was obtained from the Ethics Review Board of the University of
Amsterdam (2016-CP-6440). All participants provided written consent before taking
part in the study. All materials, data, and scripts are publicly available on
https://osf.io/gkj5w/.

Participants
The sample consisted of 260 individuals (75% female), who were recruited
through a university portal or through advertisements on social media and received a
monetary compensation. Their average age was 24.33 years old (SDage = 7.68, range
from 18-67). Participants were randomly allocated to the instructed cheating versus
the possibility to cheat condition, with a 1:3 ratio. The latter condition was
subsequently split in self-initiated cheaters versus fair players, depending on the
participants’ performance on the trivia quiz. This randomization resulted in nonsignificant differences in age and gender between participants instructed to cheat and
participants given the possibility to cheat, t(240) = 1.14, p = .254, and X2(1) = 0.20, p =
.655, respectively.
Instructed cheaters, self-initiated cheaters, and fair players. Based upon the
instructions and their performance on the trivia quiz, participants were classified as
instructed cheaters (i.e., those given explicit instructions to cheat), self-initiated
cheaters (i.e., those who had the opportunity to cheat and answered the two cheating67
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evoking questions correctly) or fair players (i.e., those who had the opportunity to
cheat and answered neither of the two cheating-evoking questions correctly).
Eight individuals, who either reported a wrong answer or failed to enter the
answer they did look up, were excluded from further analyses. Ten participants were
not included in the data analyses because they did not follow the instructions for the
trivia quiz (i.e., they did not look up the correct answers, although explicitly instructed
to do so) or due to technical problems. Thus, the final sample consisted of 242
participants (75.6% female) with an average age of 24.28 years (SDage = 7.37).
Sixty-five out of 174 participants (37.4%) in the opportunity to cheat condition
cheated on their own initiative, and were labeled as self-initiated cheaters. The other
109 participants were labeled fair players. The condition in which cheating was
explicitly instructed, consisted of 68 participants. Group characteristics and
comparisons in age, gender, and personality measures are described in the Results.

Procedure
To conceal the true purpose of the experiment, the study was phrased as an
English language proficiency and knowledge test, rather than a lie detection
experiment. Since the goal was to compare deliberate, self-initiated deceptive behavior
with instructed cheating, it was crucial that participants did not have prior
expectations or knowledge on the real aim of the study. Participants were informed in
advance about the use of psychophysiological measures while doing a task on the
computer, but were told this would assess their physical reactions to recognition of
English words rather than to detect cheating.
Upon arrival, all participants were asked to wash their hands, read the
information brochure and sign the informed consent. Next, they completed the Dutch
100-item version of the HEXACO Personality Inventory Revised (de Vries, Lee, &
Ashton, 2008). Then participants engaged in two seemingly relevant filler tasks in
separate browser tabs on Qualtrics assessing their English grammar and verbal
proficiency, followed by a trivia quiz with ten open (eight easy and two difficult,
68

Self-initiated versus instructed cheating in the physiological Concealed Information Test

cheating-evoking) questions in English.
Before beginning these tasks and being left alone in the room, participants were
told that answering all questions correctly would entitle them to a €5 bonus in addition
to the standard payment for participation in the experiment. An additional instruction
was given to participants in the instructed-to-cheat condition only, explicitly
mentioning that they could use Google to find any answers they did not know. All
participants were unaware of the fact that the quiz was constructed in a way that it
would be almost impossible to earn a bonus without looking up the correct answers
to the last two questions. As a result, participants claiming the trivia bonus for
answering all ten questions correctly, were assumed to be cheaters. In addition to
relying solely on the participants' answers, the experimenter could remotely access the
computer screen (through split screen) and observe cheating when participants used
the desktop computer to look up the answer.
Various tactics were used to give participants sufficient opportunity to engage
in self-initiated cheating. First, all participants were left alone in a room to complete
the two filler tasks and the trivia quiz on the computer. They were told that the
experimenter would not be back for at least 20 minutes, thereby reflecting low
supervision and low risk of getting caught cheating (Mazar, Amir, & Ariely, 2008;
Nagin & Paternoster, 1993). Moreover, cheating would have been quick and almost
effortless as it was ensured that the correct answer would appear within the first three
results in the search engine Google (see Domnich et al., 2015). As a monetary incentive
has been shown to increase deceptive behavior (Gino & Pierce, 2009), participants
received a bonus upon answering all questions correctly. Additionally, the two
cheating-evoking questions were intentionally placed at the bottom of the
questionnaire as participants in a study by Effron, Bryan, and Murnighan (2015) were
more likely to cheat and lie when facing the last chance to obtain a monetary reward.
Furthermore, participants were given ten minutes time to finish the trivia quiz and
decide whether or not to cheat, which could increase the rate of deceptive behavior.
Lastly, in addition to the three tabs in the web browser reflecting the two different
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filler tasks and the quiz, a fourth tab was already opened on the Google search engine
page. These four tabs were visible during the entire first phase of the experiment.
An instructed cheating condition was included, using the same procedure,
except that participants in this condition were asked to actively look up the correct
answers on the trivia questions. This condition was included to mimic the group of
deceptive participants in laboratory experiments who are instructed to cheat or
conceal information. This design thereby allows for a comparison of the
psychophysiological responses of instructed and self-initiated cheaters. Participants in
all conditions were not informed that they would undergo a lie detection test during
the experiment. By doing so, encoding of the critical information reflected rather
spontaneous behavior that is supposed to be externally more valid compared to
typically used overlearned stimuli in mock-crime procedures (see also Carmel, Dayan,
Naveh, Raveh, & Ben-Shakhar, 2003; Meixner & Rosenfeld, 2014).
CIT. Only participants who cheated continued to the second part of the
experiment. Since the aim of the current study is to compare self-initiated cheaters with
those who were instructed to cheat, the participants who did not cheat were debriefed
and did not continue to the CIT. A second experimenter, who was blind regarding the
cheating condition (hence self-initiated or instructed) of the participant, attached the
RLL belts as well as the SCR and HR electrodes and conducted the full CIT procedure.
Participants were told that they were suspected of cheating during the trivia
quiz. Moreover, they were instructed to prove their innocence in the subsequent
polygraph test by concealing their knowledge of the correct answers to the quiz
questions. To ensure motivation to avoid detection, participants were offered a €5
incentive for successful concealment of their knowledge of the correct answers6.
Following an initial rest period of two minutes after attachment of the
6

The bonus was paid out when the average SCR Z-score to the correct answers of the two cheating-evoking

questions and the guilt-check question was below 0, which reflects no recognition of the critical items. The
innocence check question was not included in this calculation, since all participants were unknowledgeable of its
correct answer.
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electrodes, participants were presented with the CIT questions. In addition to the two
questions the participants cheated on during the trivia quiz, the CIT included two
manipulation checks: an easy question from the trivia quiz, serving as a baseline for
recognition (i.e., guilt check) and a new difficult question to which the participants did
not know the correct answer to. This question served as a baseline for non-recognition
(i.e., innocence check). This procedure allows to confirm basic CIT-effects upon (non-)
recognition, before investigating the influence of self-initiated versus instructed
cheating on the outcomes of the CIT. The order of the four questions and their
answering alternatives were randomly determined. In total, all four questions were
repeated twice, with a short break between the two blocks to maintain participant’s
attention.
After the CIT, all cheating participants were debriefed on the true purpose of
the experiment and were asked to answer truthfully several questions assessing their
memory for the relevant items, using both recall and recognition formats. These
memory tests were administered to examine whether participants remembered the
relevant items correctly and could distinguish them from the irrelevant alternatives.
Next, they were asked to complete a questionnaire regarding their motivation,
memory, and countermeasure attempts. Finally, participants were informed about
their performance in the CIT and compensated for their participation in the
experiment.

Material
HEXACO. Personality traits were assessed with the 100-item Dutch version of
the HEXACO Personality Inventory Revised (Lee & Ashton, 2016). This inventory
measures the six major dimensions of personality: Honesty-Humility, Emotionality,
Extraversion, Agreeableness, Conscientiousness, and Openness to experience.
Participants indicated the extent to which they agreed with each statement on a 5-point
Likert scale ranging from 1 (Completely disagree) to 5 (Completely agree). For the current
sample, each scale revealed a good reliability using Cronbach’s alpha (Cronbach,
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1951): Honesty-Humility (α = .78), Emotionality (α = .82), Extraversion (α = .85),
Agreeableness (α = .84), Conscientiousness (α = .82), and Openness to experience (α =
.78).
Trivia quiz. Participants took part in a trivia quiz with ten open questions and
were offered a monetary bonus of €5 for correctly answering all ten questions. This
bonus was paid in cash after participants completed the first part of the experiment
(i.e., the filler tasks and the trivia quiz, yet before commencing the CIT). They were,
however, unaware of the fact that the quiz was constructed in a way that it would be
almost impossible to earn the bonus without looking up the correct answers to the last
two questions. In a second room, the experimenter could remotely access the computer
screen (through split screen) and observe cheating, at least when participants used the
desktop computer, rather than their personal smartphone. For the purpose of reaching
external validity, the current paradigm involved active, self-initiated cheating as
opposed to temptation resistance paradigms, for example, in which participants
merely need to peek in an answer key that was carelessly left in the room by the
experimenter (see DeAndrea, Carpenter, Shulman, & Levine, 2009).
The eight easy questions were correctly solved by 88-100% of the participants
in extensive pilot studies. The last two questions, which were correctly answered by
0-6% of the pilot's participants, were classified as cheating-evoking7. Consequently,
answering all questions correctly without cheating would be highly unlikely.
Participants claiming the trivia bonus for answering all ten questions correctly,
including the two cheating-evoking questions, were assumed to be cheaters.
CIT. Besides the two questions the participants cheated on during the trivia
quiz (i.e., ‘Who coined the term dinosaur?’ as well as ‘Who wrote the autobiographical
book Prairie Tale: A Memoir?’ as a replacement for ‘Who wrote the autobiographical

7

The cheating-evoking questions were correctly answered by 0% (‘Who coined the term dinosaur?’), 3% (‘Who

wrote the autobiographical book Wishful Drinking?’) and 6% (‘Who wrote the autobiographical book Prairie Tale:
A Memoir?’) of the pilot sample. Thus, the likelihood of answering two of these questions correctly is close to 0.
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book Wishful Drinking?’8), the CIT included one easy question from the trivia quiz
(i.e., ‘In which city is Buckingham Palace, the symbol and home of the British
monarchy, located?’) serving as a baseline for recognition. This ‘guilt check’ was added
to show the usual CIT-effect on a question that the participants definitely knew the
correct answer to. Additionally, the CIT included a new question that had not been in
the previous trivia quiz (i.e., ‘Who assassinated American president James Garfield in
1881?’), but to which all participants in the pilot questionnaire did not know the correct
answer. This ‘innocence check’ therefore served as a baseline for non-recognition,
showing that participants would not show enhanced responses to unfamiliar items.
Together, these additional questions allowed for a comparison between mere
recognition and the influence of cheating on the outcome of the CIT (see Table 1).
Table 1. Question types and experimental goals
Question-Type

Question [Answer]

Experimental goal

Cheating-evoking

Who coined the term dinosaur?

Compare physiological

[Richard Owen]

response to answer for

Who wrote the autobiographical book

self-initiated versus

‘Prairie Tale: A Memoir’?

instructed cheating

[Melissa Gilbert]
Guilt-check

In which city is Buckingham Palace, symbol

Manipulation check

and home of the British monarchy, located?

for recognition

[London]
Innocence-check

Who assassinated American president

Manipulation check

James Garfield in 1881?

for non-recognition

[Charles Guiteau]

8

One of the two questions of the trivia quiz inserted to evoke possible cheating was on the author of the novel

‘Wishful drinking’. However, halfway during data collection the author died, which evoked multiple news items
occasionally mentioning her novel. Because of possible familiarity with the probe, we replaced this question with
an equally difficult question (i.e., ‘Who wrote the autobiographical book Prairie Tale: A Memoir?’).
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The order of the four questions and their answering alternatives were randomly
determined. In total, the four questions were repeated twice, with a short break
between the two blocks to maintain participant’s attention. Question and alternatives
were presented both verbally through headphones and visually on the computer
screen. The audio files were pre-recorded by a third party who was blind to the
procedure. The question remained on the screen for 10 seconds, followed by the
answering alternatives that were presented for 5 seconds each, with a mean interstimulus interval of 18 seconds (range 16-20). Between stimulus presentation, a
fixation-cross appeared on the screen to maintain the attention of the participant.
The first answering alternative following the question was always a buffer item,
designed to absorb the initial OR. Subsequently, the critical item, 4 irrelevant items,
and a single catch item were presented in a random order. Catch items were included
in the CIT to ensure the participants’ attention to all presented items. Upon identifying
the catch item amongst the presented alternatives, participants were instructed to
repeat this specific item verbally. In the current CIT, the catch items consisted of
random numbers ranging from 1-10, written in words. Whenever the answering
alternatives consisted of two words (for example a first and last name), the catch item
consisted of two numbers (e.g., three seven) in order to maintain a homogeneous
sample of alternatives. Besides from repeating the catch items, participants were
instructed to respond to all other items with a verbal “no”. Altogether, participants
were presented with two blocks of four questions, each consisting of seven items (i.e.,
1 buffer, 1 critical, 4 irrelevant, and 1 catch item), totaling 56 items.
Recall and recognition. Memory for the correct answers of the trivia quiz was
assessed with a free recall followed by a recognition test. Firstly, the questions from
the trivia quiz were presented on the screen with a text box in which participants were
asked to freely recall and enter the correct answer to the guilt check, innocence check
and the two cheating-evoking questions that were used in the CIT. For the recognition
test, the questions from the trivia quiz were presented on the screen, each with five
alternative options (the correct answer and four irrelevant options). Participants were
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asked to select the answer they deemed correct.
For free recall, answers were coded as either correct (1) or incorrect (0), leading
to a total score per item type (i.e., 0-1 for the guilt and the innocence check and 0-2 for
the cheating-evoking questions). Using arbitrary criteria, for the cheating-evoking
questions and the innocence check answers were coded as correct if participants
recalled both the first and last name correctly (e.g., Melissa Gilbert as the author of the
novel Prairie Tale: A Memoir) or when they only recalled the last name correctly (e.g.,
Gilbert). When an incorrect first name was entered in combination with a correct last
name, or only the first name was mentioned, the recall was coded as incorrect. For the
guilt-check, the item consisted of a single word (e.g., London) that had to be entered
correctly. For recognition, items were scored as either correct (1) or incorrect (0),
leading to a total score per item type (i.e., 0-1 for the guilt and the innocence check and
0-2 for the cheating-evoking questions).
Follow-up questionnaire. Participants rated six questions designed to assess
their motivational state on a 5-point Likert scale. This questionnaire measured how
well participants were able to focus on the screen during the CIT, how involved they
were in the study and how much they tried to avoid detection and appear innocent on
the CIT. Then, participants rated their effort to suppress or raise their physiological
responses during the test and freely elaborated on whether they had used strategies to
avoid detection.

Data acquisition and reduction
The experiment was conducted in an air-conditioned laboratory. Stimulus
presentation

was

Neurobehavioral

performed

using

Systems,

Inc.,

Presentation®
Berkeley,

software
CA,

(Version

18.0,

www.neurobs.com).

Psychophysiological responses were measured and recorded with Vsrrp89 software,
developed by the Technical Support Social and Behavioral Sciences at the University
of Amsterdam.
Electrodermal activity was recorded with an amplifier using a 50Hz, sine75
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shaped excitation voltage with an amplitude of 1Vpp. Two curved-shape sintered
silver–silver chloride (Ag/AgCl) electrodes (20x16 mm) were connected to the palmar
surface of the distal phalanges of the left index and left ring finger with adhesive tape.
The SCR was measured from 1 second to 5 seconds after stimulus onset and defined
as the maximal increase in conductance during this time window.
The ECG measure was acquired by placing a set of three Ag/AgCl electrodes
(3MTM Red DotTM disposables, type 2249-50) in a standard Einthoven lead-II
configuration: one electrode attached near the distal end of the left collarbone, one
electrode placed near the distal end of the right collarbone, and one electrode placed
on the left lateral base of the chest. Prior to analysis, the inter-beat intervals were
converted to HR in beats per minute (bpm) per real-time epoch (1 second). The 15
second-by-second post-stimulus HR values were baseline-corrected by subtracting the
average pre-stimulus baseline HR value (mean HR in the three seconds preceding
stimulus onset), resulting in 15 post-stimulus difference scores (∆HR). The average of
these 15 scores was used as the HR deceleration dependent measure.
Respiration was measured with two Braebon Respiratory Effort Sensors, type
REF 0522. The thoracic respiration belt was attached around the upper chest of the
participant, just below the armpits. The second belt was placed around the
participants’ abdomen, slightly below the rib cage. Respiration responses were defined
on the basis of the total RLL during a 15-second interval following stimulus onset,
across the two belts. The RLL measure is a combination of the participants’ depth of
breathing (respiratory amplitude) as well as the rate of breathing (respiratory cycle).
Each response is measured using ten 15-second windows, each beginning 100
milliseconds later than the preceding time window. The RLL (following Elaad, Ginton,
& Jungman, 1992) was established by calculating the mean of these 10 length measures
(ranging from 0.1 second after stimulus onset through 15.1 seconds, from 0.2 second
through 15.2 seconds after stimulus onset, etc.).
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Exclusion criteria
On participant level, individuals whose standard deviation of the raw SCR
scores was below 0.01 throughout the entire CIT procedure (n = 2) were considered to
be skin conductance non-responders and their data were eliminated from all SCR
analyses. In addition, three participants were excluded from SCR analyses due to
technical errors with the electrodes. Data from the HR measure were eliminated from
analyses when anomalies (n = 1) or technical errors occurred (n = 2). RLL data from the
thoracic respiration belt were excluded due to technical errors (n = 4).
For exclusions on response level, standard scores per item were computed
(buffer and catch items were not included in the standardization procedure; see BenShakhar & Elaad, 2002; Elaad & Ben-Shakhar, 1997). These within-subject Z-scores
reflect the mean response to the irrelevant items subtracted from the mean response
to the critical item, divided by the respective standard deviation, across both
repetitions of the questions.
Further exclusions on response level were performed when participants
showed a standard deviation of the raw SCR scores below 0.01 during the presentation
of a question and the subsequent alternatives. In these cases, all SCR measurements
regarding that specific question were discarded from further analyses due to strong
habituation. Moreover, for each of the three dependent measures, item specific
responses were removed if the standardized score was smaller than -5 or larger than
5, reflecting outliers. When a movement coincided with a positive standardized score
(for SCR) or a positive standardized score larger than 2 or lower than -2 (for HR and
RLL), the item was discarded from analyses (see also klein Selle et al., 2016, 2017).
Following these exclusion criteria, 85.2% of the SCR data was included in the analyses.
For the HR and RLL measures, 98.1% and 97.7% of the total number of responses,
respectively were included in analyses.

RESULTS
All analyses used an alpha level of .05. Effect sizes for the ANOVA are reported using
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Cohen’s f. For follow-up contrasts Cohen’s d is used9. Cohen’s d for within-subject and
between-subject comparisons are annotated as dwithin and dbetween. As a rule of thumb,
Cohen (1988) proposed 0.20, 0.50, and 0.80 as thresholds for “small”, “moderate”, and
“large” effects, respectively, for d values and 0.10, 0.25, and 0.40 as thresholds for
“small”, “moderate”, and “large” effects, respectively for f values.
In addition, JZS Bayes factors (BF) were computed using JASP software version
0.8.4, representing numerical values quantifying the odds ratio between the null and
the alternative hypothesis given the data. BF01 annotates how much more likely the
data are under the null as compared to the alternative hypothesis, and BF10 annotates
how much more likely the data are under the alternative as compared to the null
hypothesis. For one-tailed testing, Bayes factors are reported as either predicting the
null (BF0+) or the alternative hypothesis (BF+0). Default JZS prior with scaling factor r =
0.707 was used for the alternative hypothesis (see Rouder, Speckman, Sun, Morey, &
Iverson, 2009). Using Jeffreys’ (1961) criteria, a Bayes factor (BF) larger than 3, 10, and
100 is taken as substantial, strong, and decisive evidence for the respective hypothesis.
It should be noted that values close to 1 fail to support either hypothesis.

Physiological measures
As a first manipulation check, three two-tailed paired-samples t-tests were
conducted comparing the raw responses of each physiological measure to the critical
(i.e., probe) and irrelevant items of the innocence check question. Since participants
did not know the correct answer, no significant difference should emerge in any of
these comparisons.

9

The probe-irrelevant within-subject contrast was calculated as dwithin = M(Response(probes) – Response(irrelevants) /

√(SD(probes)2 + SD(irrelevants)2 – 2*r*SD(probes)*SD(irrelevants), where r is the Pearson correlation between Response(probes) and
Response(irrelevants). The between-subject contrast was calculated as dbetween = (MResponse(probe-irrelevant difference group 1) – MResponse(probeirrelevant difference group 2)

/ √(((n(group 1 – 1)*SD(probe-irrelevant difference group 1)2 + (n(group 2 – 1)*SD(probe-irrelevant difference group 2)2) / ngroup1 + ngroup2 – 2),

see also Lakens (2013) and Suchotzki et al. (2017).
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As a second manipulation check, three one-tailed paired-samples t-tests were
conducted to compare the raw responses to the probe and irrelevant items of the guilt
check question, separately for the SCR, HR and RLL. Since participants did know the
correct answer, a significant result is expected in each of these comparisons.
Specifically, an increase in SCR and a decrease in HR and RLL are expected for the
probe compared to the irrelevant options.
For the main analysis, a 2 (Condition: self-initiated cheaters vs. instructed
cheaters, between-subjects) by 2 (Stimulus: probe vs. irrelevant, within-subjects)
mixed ANOVA was conducted on the raw responses of each physiological measure
for the cheating-evoking questions. We expect a main effect of Stimulus (i.e., a
significant difference in responsivity to the probe compared to the irrelevant items,
hence a CIT-effect) and an interaction between Stimulus and Condition, particularly
for SCR (i.e., the CIT-effect being larger for self-initiated cheaters than for instructed
cheaters).
Innocence check. Table 2 shows the averaged SCR, HR, and RLL results for
probe and irrelevant items in self-initiated and instructed cheaters. For all three
physiological measures, the difference between responses to the probe and irrelevant
options was not significant, with the 95% confidence interval of the effect size
including zero. Moreover, for all three measures, the Bayes factors showed substantial
to strong evidence for the null hypothesis. These results reveal that no knowledge was
indicated.
Guilt check. Table 3 shows the averaged SCR, HR, and RLL results for probe
and irrelevant items in self-initiated and instructed cheaters. The probe-irrelevant
difference was significant for all three physiological measures. Effect sizes were small
for RLL, and moderate for the SCR and HR. The Bayes factors indicated that there was
decisive evidence that the data were more likely under the alternative hypothesis for
SCR and HR. For RLL this evidence was anecdotal.
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Table 2. Mean raw scores on the innocence check averaged for self-initiated cheaters
and instructed cheaters
Measure

Item

M(SD)

t-test

p-value

dwithin

BF

(95% CI)
SCR

Probe

0.36 (0.59)

(n = 106)

Irrelevant

0.31 (0.44)

HR

Probe

1.47 (3.25)

(n = 130)

Irrelevant

0.98 (1.78)

RLL

Probe

66.10 (19.42)

(n = 133)

Irrelevant

66.11 (18.05)

t(105) = 1.11

t(129) = 1.55

t(132) = 0.02

.271

.125

.984

0.11

BF01 =

[-0.08; 0.30]

5.13

0.14

BF01 =

[-0.04; 0.31]

3.22

0.00

BF01 =

[-0.17; 0.17]

10.37

* SCR in µS, HR change (from 3s pre to 15s post stimulus onset) in bpm and RLL in arbitrary units.

Table 3. Mean raw scores on the guilt check averaged for self-initiated cheaters and
instructed cheaters
Measure

Item

M(SD)

t-test

p-value

dwithin

BF

(95% CI)
SCR

Probe

1.02 (1.11)

(n = 118)

Irrelevant

0.41 (0.49)

HR

Probe

0.08 (3.37)

(n = 130)

Irrelevant

1.52 (1.82)

RLL

Probe

64.70 (18.35)

(n = 133)

Irrelevant

66.37 (17.55)

t(117) = 8.48

t(129) = 4.41

t(132) = 2.35

< .001

< .001

.010

0.78

BF+0 =

[0.57; 0.99]

1.79e+11

-0.39

BF-0 =

[-∞; -0.24]

1406

-0.20

BF-0 =

[-∞; 0.06]

2.71

* SCR in µS, HR change (from 3s pre to 15s post stimulus onset) in bpm and RLL in arbitrary units.

Cheating-evoking questions. Table 4 shows the SCR, HR, and RLL results for
probe and irrelevant items separately for self-initiated and instructed cheaters.
For the SCR, the ANOVA revealed a significant main effect of Stimulus, F(1,
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126) = 76.58, p < .001, f = 0.78, BF10 = 5.32e+11, no significant main effect of Condition,
F(1, 126) = 0.02, p = .889, f = 0.00, BF01 = 4.55, and no significant interaction between
Condition and Stimulus F(1, 126) = 0.02, p = .887, f = 0.00, BF01 = 5.34. This indicates that
there was a decisive probe-irrelevant difference in SCR, with substantial evidence that
the SCR CIT-effect does not differ between self-initiated and instructed cheaters.
For the HR, the ANOVA revealed a significant main effect of Stimulus, F(1, 128)
= 58.70, p < .001, f = 0.68, BF10 = 1.35e+11, no significant main effect of Condition, F(1,
128) = 0.46, p = .498, f = 0.06, BF01 = 5.17, and no significant interaction between
Condition and Stimulus F(1, 128) = 0.63, p = .428, f = 0.05, BF01 = 4.16. This indicates that
there was a decisive probe-irrelevant difference in HR, with substantial evidence that
the HR CIT-effect does not differ between the self-initiated and instructed cheaters.
For the RLL, the ANOVA revealed a significant main effect of Stimulus, F(1,
131) = 11.13, p < .001, f = 0.29, BF10 = 21.24, no significant main effect of Condition, F(1,
131) = 0.12, p = .725, f = 0.03, BF01 = 2.26, and no significant interaction between
Condition and Stimulus F(1, 131) = 0.18, p = .674, f = 0.03, BF01 = 4.85. This indicates that
there was a strong probe-irrelevant difference across the conditions (BF10 = 21.24), with
substantial evidence that the RLL CIT-effect does not differ between the self-initiated
and instructed cheaters (BF01 = 4.85).
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Table 4. Mean raw scores and main effect of Stimulus (in Cohens’ f) on the cheatingevoking questions
Measure

SCR

HR

RLL

Item

M(SD)

M(SD)

Self-Initiated Cheaters

Instructed Cheaters

(n = 61)

(n = 67)

Probe

0.89 (1.05)

0.90 (1.00)

Irrelevant

0.35 (0.44)

0.38 (0.47)

Self-Initiated Cheaters

Instructed Cheaters

(n = 64)

(n = 66)

Probe

-0.63 (3.01)

-0.61 (2.51)

Irrelevant

1.60 (1.23)

1.20 (1.50)

Self-Initiated Cheaters

Instructed Cheater

(n = 65)

(n = 68)

Probe

63.58 (17.64)

64.94 (17.11)

Irrelevant

66.25 (17.69)

67.01 (18.67)

f

BF

0.78

BF10 =
5.32e+11

0.68

BF10 =
1.35e+11

0.29

BF10 =
21.24

* SCR in µS, HR change (from 3s pre to 15s post stimulus onset) in bpm and RLL in arbitrary units.

Who cheats? Age, gender and personality
For all 242 participants who successfully completed the HEXACO personality
measure, no difference emerged in gender distribution between the three conditions
(i.e., self-initiated cheaters, fair players, and instructed cheaters, X2(2) = 3.78, p = .151).
However, significant differences were revealed in the mean age of the participants,
F(2, 239) = 4.80, p = .009, f = 0.20, BF10 = 3.07. This effect was driven by eight outliers of
participants that differed more than three standard deviations in age from the mean.
Table 5 shows the mean age, gender proportions and HEXACO factor scores for the
self-initiated cheaters, fair players and the instructed cheaters after the exclusion of
participants with outlying age (n = 234)10.

10

Analysis without exclusions based on age reached the following results (n = 242). A one-way ANOVA of condition

on the HEXACO Honesty-Humility factors, revealed no statistically significant effect of condition on Honesty-
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A one-way ANOVA of condition on the HEXACO Honesty-Humility scores,
revealed a statistically significant effect of condition, F(2, 231) = 3.51, p = .032, f = 0.17,
BF10 = 1.00. For sake of completion, the groups were contrasted on their HonestyHumility score. A planned one-tailed t-test showed a significant difference between
self-initiated cheaters (M = 3.28, SD = 0.54) and fair players (M = 3.48, SD = 0.52, t(165)
= 2.29, p = .012, d = 0.37, BF10 = 3.78). Post-hoc comparisons with Bonferroni correction
revealed that self-initiated cheaters as well as fair players did not differ from the
control group (i.e., instructed cheaters; p = .067, d = 0.15, BF10 = 2.41, and p = 1.00, d =
0.01, BF01 = 5.90, respectively). We also mention that the ANOVAs on the other
HEXACO factors showed no effects for Emotionality, Extraversion, Agreeableness,
Conscientiousness, or Openness to Experience.
Follow-up questionnaire
For each question in the follow-up questionnaire, an independent-samples ttest was conducted to evaluate whether the ratings of participants on their reported
focus, involvement, motivation, and use of countermeasures in the self-initiated
cheating condition (n = 65) differed significantly from participants who were
instructed to cheat (n = 68).
Analysis revealed no statistically significant difference between the two
cheating conditions on reported focus, t(131) = 0.19, p = .850, dbetween = 0.03, BF01 = 5.30,
involvement, t(118.66) = 0.39, p = .698, dbetween = 0.07, BF01 = 5.03, motivation to avoid
detection, t(131) = -1.70, p = .092, dbetween = 0.30, BF01 = 1.45, or to either suppress, t(131) =
0.25, p = .800, dbetween = 0.05, BF01 = 5.24 or enhance physiological reactions, t(131) = 0.80,

Humility, F(2, 239) = 2.63, p = .074, f = 0.15, BF01 = 2.21. For completion sake, the groups were contrasted on their
Honesty-Humility score. A planned one-tailed t-test showed a significant difference between self-initiated cheaters
(M = 3.32, SD = 0.56) and fair players (M = 3.48, SD = 0.52, t(172) = 1.90, p = .030, d = 0.30, BF10 = 1.72). Post-hoc
comparisons with Bonferroni correction revealed that self-initiated cheaters as well as fair players did not differ
from the control group of instructed cheaters (M = 3.50, SD = 0.44), p = .121, d = 0.13, BF10 = 1.35, and p = 1.00, d =
0.02, BF01 = 5.73, respectively).
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p = .428, dbetween = 0.14, BF01 = 4.02.
Table 5. Mean age, gender proportions, and HEXACO factor scores
Measure

M(SD)

M(SD)

M(SD)

pvalue

Effect
size f

BF01

Self-Initiated
Cheaters
(n = 59)

Fair Players
(n = 108)

Instructed
Cheaters
(n = 67)

Age

23.93 (5.43)

22.99 (4.35)

22.94 (4.07)

.378

0.09

9.07

Proportion Female

67.8%

80.6%

74.6%

.181

φc = .12

3.57

Honesty-Humility

3.28 (0.54)

3.48 (0.52)

3.49 (0.44)

.032

0.17

1.00

Emotionality

3.11 (0.60)

3.25 (0.57)

3.23 (0.56)

.286

0.11

7.04

Extraversion

3.44 (0.60)

3.57 (0.52)

3.58 (0.62)

.309

0.10

7.60

Agreeableness

2.87 (0.53)

3.03 (0.56)

3.00 (0.61)

.187

0.12

4.82

Conscientiousness

3.42 (0.53)

3.55 (0.54)

3.49 (0.55)

.275

0.11

6.69

Openness to
Experience

3.67 (0.53)

3.51 (0.53)

3.58 (0.55)

.165

0.12

4.96

Memory
For all memory data, two-tailed independent-samples t-tests were conducted to
evaluate whether the memory of participants in the self-initiated cheating condition (n
= 65) differed significantly from participants who were instructed to cheat (n = 68).
Recall. The easy (guilt-check) question of the trivia quiz was correctly answered
by all but one instructed cheater and correctly answered by all self-initiated cheaters.
Consequently, no difference occurred between the two conditions, t(67) = 1.00, p = .321,
dbetween = 0.17, with substantial evidence for the null hypothesis (BF01 = 3.42).
The difficult (innocence-check) question was correctly answered by only two
self-initiated cheaters (3.1%) and one instructed cheater (1.5%). No statistically
significant difference in recall ability was revealed between the two conditions, t(131)
= 0.62, p = .536, dbetween = 0.11, with substantial evidence for the null hypothesis (BF01 =
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4.52).
There was no significant difference in recall rate for the two cheating-evoking
questions between the instructed cheaters (M = 1.37, SD = 0.77) and the self-initiated
cheaters (M = 1.52, SD = 0.71), t(131) = 1.21, p = .229, dbetween = 0.20, with anecdotal
evidence for the null hypothesis (BF01 = 2.77).
Recognition. The easy (guilt-check) question was correctly answered by all
participants. The difficult (innocence-check) question was correctly chosen by 16 selfinitiated cheaters (24.6%) and 9 instructed cheaters (13.2%). These recognition rates
represent chance levels and no significant differences between the conditions
emerged, t(121.48) = 1.68, p = .096, dbetween = 0.29, with anecdotal evidence for the null
hypothesis (BF01 = 2.05).
Moreover, there was no significant difference in recognition rate for the two
cheating-evoking questions, between the instructed cheaters (M = 1.99, SD = 0.12) and
the self-initiated cheaters (M = 1.92, SD = 0.32), t(81.16) = 1.46, p = .147, dbetween = 0.29,
with anecdotal evidence for the null hypothesis (BF01 = 2.77).

DISCUSSION
The present study seeks to bridge the gap between laboratory studies on the CIT and
real-life applications. Contrasting the psychophysiological responses of self-initiated
and instructed cheaters allowed us to examine whether the CIT is affected by the
voluntary decision to cheat. We found that 37.4% of the participants who had the
opportunity to maximize self-profit by behaving dishonestly, cheated on their own
initiative. The guilt- and innocence check confirmed the validity of our CIT to pick up
both recognition and lack of recognition. More importantly, we found that the CIT was
similarly effective in detecting knowledge of instructed and spontaneous cheating
with all three physiological measures.
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External validity of the CIT
Meta-analytic results based on laboratory paradigms have demonstrated the
validity of the CIT in detecting the presence or absence of crime-related knowledge in
an interviewees’ memory (Meijer et al., 2014), with large effect sizes for SCR, RLL, and
HR measures (Cohen’s d = 1.55, 1.11, and 0.89, respectively). Yet, for implementation
in the field it is crucial to investigate the external validity of the CIT.
Research findings are generally expected to overestimate the effect that would
be observed in the field. The current paradigm was created in an attempt to more
closely mimic real-life dishonest behavior within a controlled environment and
thereby verify whether this influences the validity of the autonomic CIT. Similar to the
results obtained using response latency as a dependent measure (Geven et al., 2018),
mainly targeting the inhibition component, the current study using SCR, HR, and RLL
did not reveal any detrimental effects of self-initiated cheating on the validity of the
CIT. In fact, Bayesian statistics showed that there was no apparent difference between
self-initiated cheaters and the traditionally used condition in which rule-breaking
behavior was explicitly instructed. Interestingly, it seems that the act of spontaneous
cheating did not increase item saliency, reflected by equivalent levels of orienting or
arousal inhibition.
Moreover, other studies have examined boundary conditions that might limit
the external validity of CIT laboratory studies. For example, Verschuere, Meijer, and
de Clercq (2011) conducted a study in which actual suspects under police investigation
had to conceal which card they had picked from a deck of cards. While these suspects
revealed a higher baseline heart rate compared to laboratory participants, their
physiological responses significantly changed upon the presentation of the picked
card as opposed to irrelevant options. Osugi and Ohira (2018) investigated the effect
of arousal, expected to be present in actual perpetrators committing a crime. Before
engaging in a mock-murder, in which participants stabbed a mannequin with a sharp
tool, participants viewed highly arousing pictures. Compared to the group who
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encoded the crime in a neutral state, an even larger CIT-effect was observed for
participants who committed the crime under arousal.
Clearly, field validity requires further investigation as it is typically lower than
laboratory validity (National Research Council, 2003). Meanwhile, our findings along
with other laboratory studies that have examined the role of factors that differentiate
the lab from the field, show that such factors associated with more realistic set-ups do
not necessarily harm the validity of the CIT.

Detecting knowledge of naturally encoded information
Another important difference between laboratory and realistic settings is
related to the form by which critical items are encoded. Mock-crime items are typically
encoded under optimal conditions: a highly controlled setting in which the pre-tested
details are rehearsed until remembered perfectly (Carmel et al., 2003; Honts, Raskin,
& Kircher, 2002). Moreover, participants are often aware of the fact that a deception
detection test will be administered subsequently. These factors affecting memory
might be an important limitation when studying the external validity of the CIT. First,
in the field it is not known to the investigator whether the perpetrator actually paid
attention to the details of the crime-scene and secondly, it cannot be assured that the
culprit retains the critical items in memory and retrieves them during the
administration of the CIT. In an attempt to address this important limitation, Meixner
and Rosenfeld (2014) investigated the sensitivity of the CIT for incidentally acquired
memory traces. On the first day of the experiment, participants walked around with a
body camera during four hours. On the next day, participants were tested on their
capacity to recognize and distinguish words related to the events recorded on the
previous day from to irrelevant events. The findings showed good discrimination
between the twelve knowledgeable participants and a control group of individuals
who were tested on irrelevant items only.
The current results add to this literature, by revealing high detection and
memory accuracy for both cheating groups, although the critical items were not
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perfectly rehearsed, but merely searched on Google. Since participants did not know
that these items would be used later in the study, let alone in a memory detection test,
both encoding as well as memory retention reflected natural processes.
Yet, while in the typical experiments the CIT is administered immediately after
participants are exposed to critical items, realistic tests are mostly administered several
days, weeks, or even months after the crime occurred (Ben–Shakhar & Furedy, 1990).
Since memory naturally declines after a delay, this could be a serious pitfall for
memory detection. In realistic scenarios, more reliable responses can be expected for
questions targeting items that are directly associated with the crime, such as the
murder weapon.

Who cheats? Age, gender, and personality
In addition to the main question we investigated whether personality affects the
tendency to cheat and behave dishonestly. In line with previous research (Hilbig &
Zettler, 2015), the deliberate decision to cheat or not (i.e., using Google to answer trivia
questions, resulting in self-initiated cheaters and fair players) was related to HonestyHumility scores (Ashton & Lee, 2005), although the effect was small (d = 0.37).
Now, are self-initiated cheaters especially dishonest or are fair players rather
especially honest? To explore this question, we also compared these two groups to the
instructed cheaters. The Honesty-Humility scores of fair players and instructed
cheaters were near identical. Numerically, it was the scores of the self-initiated
cheaters that differed from the other two groups, but this comparison failed to reach
significance. While the findings are suggestive of dishonest players rather than honest
players differing in personality from the control condition, follow-up research with
larger samples is needed.
Interestingly, Honesty-Humility did not predict cheating in our first study
using the current paradigm (Geven et al., 2018). There may be at least two possible
explanations. First, the predictive effect of Honesty-Humility on cheating in the
present study was small, implying it requires substantial power to be picked up.
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Second, an important difference between our first study and the present study is that
the former was conducted online and the latter in the laboratory. The more anonymous
online setting may have promoted cheating. Indeed, in the online setting, the majority
of participants cheated (67.6%). In an experimental manipulation that reflects an
unambiguous ‘strong situation’, such as the possibility to anonymously cheat without
consequences, the response variety across participants will be rather minimal (see
Lissek, Pine, & Grillon, 2006). However, the laboratory environment in the current
study (with a corresponding lower cheating rate of 37.4%) provided a more ambiguous
situation in which the possible influence of personality traits on the decision to cheat

3

could be investigated in a more valid manner.

Limitations and suggestions for future research
This study is not without its limitations. First, cheating is not directly observed
but rather inferred from participants answering both cheating-evoking questions
correctly, with pilot testing showing it would statistically be highly unlikely to answer
both questions correctly. Although the experimenter was able to watch the duplicated
screen in the laboratory, some participants admitted to use their smartphone to look
up the correct answer and avoid possible detection. For future research our paradigm
could be adapted to establish full ground truth. A suggestion would be to create a
fictitious question with the correct answer only available on a web page designed by
the experimenter.
Second, it cannot be fully confirmed whether participants felt they were actually
cheating when looking up the correct answers online. In order to create a situation in
which cheating behavior would be evoked spontaneously, we did not explicitly
mention that it was not allowed to use Google. Thus, we cannot rule out that some
participants considered cheating a viable option and might have assumed that it was
not necessarily prohibited. Note however that many real-life situations are also
ambiguous, and prominent psychological theories of cheating (e.g., Mazar et al., 2008)
actually argue this is why people cheat: an ambiguous situation allows people to
89

Chapter 3

justify their cheating. It is precisely the inherent ambiguity that allows self-serving
justifications as a result of which many people will cheat a little (see also Peer, Acquisti,
& Shalvi, 2014).
Similar to the most popular cheating paradigms and to many real-life situations,
our paradigm created a context in which the rules can be bent to maximize self-profit.
Again, by not explicitly prohibiting participants to gain extra money in the quiz by
looking up the answer, it is possible that some participants thought they did not
engage in rule-breaking. Yet, the number of participants who decided to look up the
correct answers to the cheating-evoking questions (n = 65) in comparison to the
number of participants who had the opportunity to cheat (n = 174, hence 37%) and the
fact that these participants reported lower Honesty-Humility scores than fair players,
seems to indicate that we created a situation in which looking up the answer indeed
constituted cheating.
Third, cheating on a trivia quiz for a monetary reward obviously does not
completely reflect the scope of lies that could be expected in a high-stake criminal
situation. However, contrary to previous research, in which participants were
explicitly asked to lie, in the current experiment participants might in fact have felt
guilty about deceiving the experimenter. Still, the consequences of cheating were
negligible. Although the monetary reward upon a positive CIT outcome could have
encouraged participants’ motivation to avoid detection, no punishment was involved
for a negative outcome.

CONCLUSIONS
The data reveal that even realistic deception elicits the typically observed response
pattern of recognition (i.e., an increased SCR followed by a decrease in HR and RLL).
Upon comparison with instructed deception, these findings imply that experimental
findings in the laboratory do in fact resemble those expected in field settings. This
result is encouraging from an ecological validity perspective and may pave the way
for further successful field implementation of memory detection.
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ABSTRACT
While the Concealed Information Test (CIT) can determine whether examinees
recognize critical details, it does not clarify the origin of the memory. Hence, when
unknowledgeable suspects are contaminated with crime information through media
channels or investigative interviews, the validity of the CIT can be compromised (i.e.,
false-positive outcomes). Yet, when the information was disclosed solely at the
category level (e.g., the perpetrator escaped in a car), presenting specific items at the
exemplar level (e.g., Citroën, Opel, or Volkswagen) might preclude this problem.
However, diminished recollection for exemplar-level details could attenuate the CITeffect for knowledgeable suspects, thereby leading to false negatives. The appropriate
item level for memory detection to reach an optimal balance between sensitivity and
specificity remains elusive. As encoding, retention, and retrieval of information may
influence memory performance and thereby memory detection, the current study
investigated the validity of the CIT on both categorical and exemplar levels.
Participants planned a mock robbery (n = 165), with information encoded at the
category (e.g., car) or exemplar (e.g., Citroën) level. They were tested immediately or
after a 1-week-delay, with a response time-based CIT consisting of questions at the
categorical or exemplar level. An interaction was found between encoding and testing,
such that CIT validity based on reaction time was higher for ‘matching’ (e.g.,
exemplar-exemplar) than for ‘mismatching’ (e.g., exemplar-categorical) items, while
immediate versus 1-week-delayed testing did not affect the outcome. Critically, this
indicates that what constitutes a good CIT item depends on the way the information
was encoded. This provides a challenge for CIT examiners when selecting appropriate
items.
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INTRODUCTION
David Lykken introduced the Guilty Knowledge Test – nowadays known as the
Concealed Information Test (CIT; Verschuere, Ben-Shakhar, & Meijer, 2011) – in 1959.
The purpose of this alternative to traditional polygraph testing, is to verify whether
suspects show physiological or behavioral responses signaling recognition of critical
knowledge about the crime under investigation. By demonstrating (lack of) awareness
of the critical information, the CIT is expected to differentiate between knowledgeable
and unknowledgeable suspects. Imagine the following case in which a robber enters a
bank in his hometown, points a knife at the teller and steals a precious jewel from a
safety deposit box, while his companion waits outside in the car. The examiner creates
a CIT in which, similar to a multiple-choice test with several answering options, critical
information is probed while measuring the suspects’ response to all presented stimuli.
In this specific case, the examiner might draft a question regarding the getaway
vehicle, such as ‘How did the perpetrator flee from the scene? a) by train, b) by bike,
c) by taxi, d) by car, or e) by bus’. A suspect who committed this armed robbery, would
recognize the correct option and show enhanced responses to the word ‘car’ compared
to the plausible alternatives. On the contrary, an innocent suspect with no means of
knowing which alternative is correct, is not expected to show any distinct responses
to the correct, critical information.
Whereas in the past we had to wait for newspapers to receive the latest
novelties, since the dawn of mass media, news spreads easier and faster than ever.
When innocents are ‘contaminated’ with crime knowledge, they become at risk of
recognizing, and hence responding to, these crime details in the CIT. Indeed, several
studies have shown that knowledge in itself – irrespective of its origin – is sufficient to
elicit differential responses in the CIT (see a review by Bradley, Barefoot, & Arsenault,
2011). Bradley and Rettinger (1992) compared three groups of participants on their
recognition of critical information from a mock crime in which the perpetrator
‘murdered and robbed’ a medical mannequin. As expected, participants who
committed the mock crime could be clearly distinguished from innocent participants,
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who had been waiting in the laboratory. However, a third group of informed innocent
participants who had merely been notified of details regarding the murder, also
showed a distinct response upon the presentation of the critical detail. While the CIT
is an established method to verify whether an individual possesses critical knowledge,
it does not pinpoint the source of this information.
In an attempt to solve this problem of information leakage, the Guilty Action
Test (GAT; Bradley & Warfield, 1984) was developed. While retaining the main
elements of the CIT, rather than probing for passive knowledge about the crime (e.g.,
‘Which vehicle was used to flee from the crime scene?’), questions in the GAT are
related to actions of the suspect (e.g., ‘How did you flee from the scene?’). Contrary to
the CIT, informed innocents recognizing the correct answer could now remain truthful
while denying knowledge of the correct option. Bradley, MacLaren, and Carle (1996)
found that the GAT revealed a lower false-positive rate when testing informed
innocents than the CIT. However, a more recent direct comparison of the two methods
to detect concealed information revealed that similar to the CIT, the GAT could not
accurately distinguish between participants who committed the mock crime and
innocent participants who were informed about its details (Gamer, 2010).
In Japan, where the CIT is applied in criminal investigations on a large scale
(Osugi, 2018), the leakage problem is often tackled by formulating questions at the
exemplar level. The crux is to ask for more specific information that is less likely to be
leaked to the general public, such as the brand of the getaway vehicle. For instance, if
the innocent knows that the perpetrators got away by car, it might not be known
whether it was a Citroën, Opel, or Volkswagen. At the same time, asking such specific
questions raises new challenges for the CIT regarding the balance between falsepositive and false-negative outcomes.
A first challenge concerns (lack of) memory for exemplar details. Examiners
have to estimate what the perpetrator experienced during the robbery and choose
specific details such that there is great likelihood that a guilty suspect would have
noticed them, stored them in memory, and remembers it at the time of the CIT.
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Specifically, when the interval between crime and memory detection test is large,
perpetrators might forget specific details of the crime (Nahari & Ben-Shakhar, 2011).
Research findings confirm that a time delay can diminish the detection efficiency of
the CIT (Carmel, Dayan, Naveh, Raveh, & Ben-Shakhar, 2003; Gamer, Kosiol, & Vossel,
2010; Nahari & Ben-Shakhar, 2011; Peth, Vossel, & Gamer, 2012), particularly for
peripheral details of the crime.
A second challenge concerns item distinguishability, referring to the fact that
items at an exemplar level may be less discernable from the alternative fillers than
items at a broader category level (Osugi, 2018). Probing exemplar-level critical details
in a multiple-choice format requires homogeneously matched control alternatives in
the CIT. Since items at the exemplar level are more similar than a set of words at the
category level, because they share the same category, this may diminish the capacity
of the critical detail to pop-out amongst the other alternatives (Donchin, 1981; Sokolov,
1963).
Indeed, when the critical detail closely resembled the alternatives it was found
that CIT validity decreased significantly (Ben-Shakhar & Gati, 1987). In a recent
experiment in which the CIT was used to assess eyewitnesses’ face memory, the CITeffect was nearly eliminated (Sauerland, Wolfs, Crans, & Verschuere, 2017). As the
perpetrator was presented within a series of matched foil faces that very well
resembled the culprit, the cooperative eyewitnesses did not show the automatic,
differential response pattern to the critical face. Hence, stimulus distinctiveness seems
to be an important factor for successful memory detection.
Likewise, validity of memory detection is lowered when the items in the CIT
slightly differ from the encoded information in modality, category, or semantics. A
linear relationship was observed between physiological responsivity and the degree
of match with the original stimulus, with an identical representation of the critical CIT
item and the examinees’ memory revealing the highest detection efficiency (e.g., apple
– apple; Ben-Shakhar & Gati, 1987; Ben-Shakhar, Gati, & Salamon, 1995). Still,
participants did show a CIT-effect upon the presentation of synonyms, pictures of
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verbally encoded stimuli, or the critical items’ subordinate (e.g., apple – fruit; BenShakhar, Frost, Gati, & Kresh, 1996). Thus, while asking specific questions may help to
reduce the risk of false positives associated with the leakage of crime information, it
may increase the risk of false negatives due to reduced memory and limited
distinguishability between the critical and control items, which may lead to decreased
responsivity to the critical item.
In the present study, we further expand existing research on this issue that has
both theoretical and practical implications, by investigating what would be the
optimal question format for the CIT. While Ben-Shakhar et al. (1996) examined
generalization from exemplar level to category level, the present study uses a full
cross-over design. Besides testing the optimal level of abstractness for CIT questioning,
this allows to investigate whether the CIT detection efficiency depends on the level of
abstractness during encoding.
Participant couples were involved in the planning phase of a mock-robbery of
a bank, with the critical items encoded either at the category (e.g., you will flee from
the crime scene in a car) or exemplar (e.g., you will flee from the crime scene in a
Citroën) level. One participant of the pair was asked to immediately participate in a
deception detection test, while the other participant completed the test after a 1-week
delay. In the CIT, half of the items were presented at the congruent abstractness level
(either categorical or exemplar), whereas the other half were replaced by the
corresponding test stimulus at the incongruent abstractness level, leading to a crossed
design that investigates the optimal item selection for memory detection while
maintaining both sensitivity and specificity.

METHOD
The study was approved by the ethical committee of the Department of Psychology of
the University of Amsterdam (2017-CP-7836). The tasks scripts and data are available
on https://osf.io/crw7f/, where the pre-registration for the hypotheses, methods and
analyses can also be found.
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Participants
A total of 165 participants (63.6% female) were recruited for this study through
a university portal or through advertisements on social media. Their average age was
24.23 years (SDage = 8.44, range from 18-61 years). Participants received course credits
or a monetary equivalent as compensation. All participants provided consent before
taking part in the study.
Seven participants did not complete the full study and were therefore excluded
from data analyses. Twenty-two participants were excluded due to low target
accuracy on the CIT (i.e., an error rate of 50% or more on target items, see Kleinberg &
Verschuere, 2015). This criterion ensured that only those participants who understood
the instructions and took the task seriously were included in the data analysis. All
participants who completed the CIT had more than 50% trials remaining after
excluding errors and outliers (see below Results section).
The final sample for analysis consisted therefore of 136 participants (64.7%
female, Mage = 24.70, SDage = 9.01). Seventy-one participants (64.8% female, Mage = 25.48,
SDage = 9.76) were randomly assigned to the immediate CIT condition, and 65
participants (64.6% female, Mage = 23.85, SDage = 8.11) were randomly assigned to the
delayed CIT condition, completing the CIT after a 1-week interval. There were no
significant differences between the immediate and the delayed condition in age, t(134)
= 1.06, p = .293, dbetween = 0.18 or gender, X2 (1) = 0.00, p = .983, jc = .00.

Material
Crime scenario. Participants were told that they were going to plan a mock
robbery and would work together as partners in crime. The crime scenario consisted
of a coherent story based on eight critical details, of which four presented in their
categorical form and four in their exemplar form: participants encoded that they had
met each other in the sports club (exemplar: volleyball club) and planned to rob a bank
(exemplar: SNS bank) in their residence of South-Holland (exemplar: Delft) in May
(exemplar: May 26th). Because they might not be able to flee the scene without a fight,
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they would bring a knife (exemplar: butterfly knife). The partners in crime plan to steal
expensive jewelry (exemplar: ring) and hide it at home (exemplar: attic). Lastly, they
planned to flee the crime scene by car (exemplar: Citroën; see online Appendix A for all
possible item combinations).
RT-CIT. During the CIT all participants were explicitly instructed to conceal
their knowledge of the planned robbery. Participants were required to deny
knowledge for trials containing critical details from the plan (i.e., respond ‘no’, hence
lying) while telling the truth to irrelevant items (i.e., respond ‘no’).
All eight critical items were presented at the categorical or exemplar level: two
stimuli were encoded at the category level and were also presented at the category
level (e.g., encoded as car, tested as car, congruent with encoding) and two stimuli were
encoded at the exemplar level and were also presented at the exemplar level (e.g.,
encoded as Citroën, tested as Citroën, congruent with encoding). In two other instances,
the stimuli encoded at the category level were replaced by the corresponding test
stimulus in its exemplar form (e.g., encoded as car, tested as Citroën; incongruent with
encoding, as no exemplar-level information was made available at encoding) and two
of the stimuli encoded at the exemplar level were replaced by the corresponding test
stimulus in its category form (e.g., encoded as Citroën, tested as car; incongruent with
encoding, as only exemplar-level information was made available at encoding; see also
Figure 1). Lastly, target items (e.g., train) were added to ensure that examinees pay
attention to all items. These items have to be answered ‘yes’ and were learned just
before commencing the CIT. Targets were always presented and tested at the same
abstractness level as the critical items in the RT-CIT.
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Figure 1. Item distribution in the CIT

Follow-up questionnaire. Motivational states were reported in a questionnaire
involving five questions that participants had to rate on a 5-point Likert scale ranging
from 1 (not at all) to 5 (very much so). This questionnaire measured how well
participants were able to focus on the screen during the CIT, how involved they were
in the study, how well their memory was for the items of the planned robbery and the
learned target items, as well as how much they tried to avoid detection and appear
innocent in the CIT.
Recall and recognition. To examine potential differences in memory
performance between the immediate and delayed CIT conditions, memory for the
critical items of the planned robbery were assessed with a free recall followed by a
recognition test after the full procedure. Participants first had to freely recall the eight
details from the encoding phase, in which they had planned the robbery. In the
subsequent recognition test, participants had to pick the correct details from a list of
all eight critical items intermixed with irrelevant options (i.e., 4 irrelevant options per
each critical detail, leading to 40 items).
For recall, the number of correctly recalled details were counted, leading to a
total score between 0-8. For recognition, items were scored as either correct (1) or
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incorrect (0) and summed, leading to a total score between 0-8.

Procedure
Participants were invited to come to the laboratory in pairs and work as
partners in crime while planning a robbery. When only one participant showed up (n
= 27), the experimenter took the place of the partner in the planning phase of the mock
crime. The experimenter explained that it was important to remember the details from
the crime as well as possible and to visualize actually committing the robbery. In order
to prevent possible detection, participants were asked to align their stories as much as
possible and study the details extensively.
The experimenter first read the plan for the robbery aloud, with its eight critical
details presented in either categorical or exemplar level. Participants had to encode all
items by writing down the words, reading it aloud, and probing each other for the
information. During this encoding phase, the experimenter stayed in the room to
assure that participants would not accidentally fill in an exemplar-level detail when
aligning their story (e.g., inventing a specific date if they had to encode the month
May). During the encoding phase, the experimenter asked the pair additional
questions to stimulate richer encoding of the crime items and to contextualize the
critical details (e.g., “Discuss how long you have known your partner in crime” and
“Who will be driving the getaway vehicle?”). Then, the experimenter asked
participants one by one to repeat the eight critical details from the robbery, until all
items were recalled correctly. Lastly, participants filled in the missing details of the
story on paper, followed by a free recall of the items. After this ten-minute encoding
phase, one participant of the pair was randomly assigned to the immediate testing
condition, whereas the other participant was assigned to complete the CIT after a 1week delay (± 1 day). Participants were explicitly instructed not to discuss details of
the experiment with each other in the 1-week period between the encoding phase and
the second session.
In the second phase of the experiment, participants were asked to sit behind the
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computer for the CIT (programmed in Inquisit 4.0). The experimenter explained that
the police had received an anonymous tip about an upcoming robbery and that the
participant was taken to the police station to undergo a lie detection test. The
participant was instructed to try to convince the police of his innocence and beat the
lie detector test by hiding all information about the crime. Upon successful
concealment, the participant would receive an additional 0.5 course credit
compensation11.
Then, participants were asked to encode eight target items to which they should
respond affirmatively in the CIT, while denying all other information (i.e., both the
critical details and irrelevant options). The eight targets were initially presented on the
screen during two minutes and participants were asked to recall all items. Then, they
saw the targets for one more minute before recalling them again and continuing to the
practice phases of the CIT.
For each of the eight critical details encoded in the crime scenario, the CIT
included the correct answer, a target item, and four incorrect answers serving as
irrelevant options (ratio 1:1:4). For instance, if May was the critical stimulus, the target
was July and the irrelevant stimuli were June, August, September, and October
(categorical Item Type), and if May 26 was the critical stimulus, the target was May 30
and the irrelevant stimuli were May 8, May 12, May 17, and May 22 (exemplar Item
Type). All 8 critical items, 8 target items, and 32 irrelevant items were displayed exactly
14 times, leading to a total of 672 trials in the test. These trials were divided over two
blocks, each containing 336 trials, with a self-paced break in between. The sequence of
the stimuli within the block was completely randomized, following a multiple-probeprotocol (see also Verschuere, Kleinberg, & Theocharidou, 2015).
During the test, participants had to respond to the question ‘Does this belong to
the crime?’ by pressing either the left button (A-key) for YES, or the right button (L-

11

Participants were given the bonus in research credits when their individual CIT score (dCIT = (MRT(critical items) –

MRT(irrelevant items)) / SDRT(irrelevant items)) was below 0.2 (see also Noordraven & Verschuere, 2013).
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key) for NO on their keyboard (see Figure 2). The question and the response keys
remained on the screen during the entire test as a reminder. Participants were
instructed to respond with YES only to the target items and NO to all other stimuli
(i.e., both the correct details of the planned robbery and the irrelevant options). Each
trial consisted of one answer (e.g., June) being displayed as a word in the middle of
the screen for exactly 1500ms. If the participant did not respond within the maximum
response deadline of 800ms, the message TOO SLOW appeared in red color above the
stimulus for 200ms. If the participant’s response was incorrect, that is responding with
NO for target items or with YES to critical or irrelevant items, the word WRONG
appeared in red color below the stimulus for 200ms. Response latency was measured
from the onset of the stimulus on the screen until one of the response keys was pressed.
After key-press or after the 1500ms presentation time, the next stimulus appeared on
the screen with an inter-stimulus interval (ISI) of either 250, 500, or 750ms to prevent
response preparation.

Figure 2. Example CIT trials

In order to ensure proper understanding of the task and instructions, each
participant had to pass through a stepwise practice procedure that allowed
participants to become used to the speed and the requirements of the CIT. Each of the
three practice phases of the memory detection test consisted of 24 trials displaying a
random subset of critical, irrelevant, and target items. In the first practice phase,
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participants could pace the speed of the trial sequence themselves, so that a new
stimulus only appeared after a key press. Feedback was given upon an erroneous
response (i.e., false denying recognition of the target items or falsely claiming
recognition of the critical and irrelevant items), but the TOO SLOW message was not
presented. Participants could proceed to the next phase when their target accuracy
was at least 50%, otherwise the first practice phase was repeated until this requirement
was met. In the second phase, the 1500ms stimulus presentation was added, so that
the next trial would automatically appear upon key press or after 1500ms. Again,
feedback was given upon an erroneous response, but the TOO SLOW message was
never presented. Participants could only proceed to the next phase when their target
accuracy was at least 50% and as an additional requirement, when their mean response
latency was below 800ms, otherwise this practice phase was repeated until their
performance was satisfactory. The last practice phase was identical to the full test,
including the WRONG and TOO SLOW feedback. Participants could proceed to the
actual test only when their target accuracy was at least 50% and when their mean
response latency was below 800ms.
After completing the full CIT procedure consisting of 672 trials, participants
were presented with a questionnaire designed to assess their attention to the tasks,
involvement in the experiment, memory for the stimuli, and their motivation to avoid
detection in the CIT on a 5-point Likert scale ranging from 1 (not at all) to 5 (very much
so). Then, participants were told that the experiment was finished and they did not
have to hide any information anymore. Finally, all participants completed the recall
and recognition questionnaire assessing their memory of the robbery’s details, before
being debriefed and compensated for participation with research credits.

RESULTS
Trials with an incorrect response (i.e., pressing NO for target items or pressing YES for
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either critical or irrelevant items)12 as well as trials with a RT below 150ms or above
800ms were excluded from analysis (see also Verschuere, Crombez, Degrootte, &
Rosseel, 2010). On average, 617 trials (91.8%) per participant were included in the
analyses (range from 75.6%-97.9%).
All analyses used an alpha level of .05. Effect sizes for the ANOVA are reported
using Cohen’s f. For follow-up contrasts Cohen’s d is used. As a rule of thumb, Cohen
(1988) proposed 0.20, 0.50, and 0.80 as thresholds for “small”, “moderate”, and “large”
effects, respectively, for d values and 0.10, 0.25, and 0.40 as thresholds for “small”,
“moderate”, and “large” effects for f values. In addition, JZS Bayes factors were
computed to further examine detection efficiency using JASP (JASP Team, 2017). Bayes
Factors are numerical values quantifying the odds ratio between the null and the
alternative hypothesis given the data, with BF01 annotating how much more likely the
data are under the null as compared to the alternative hypothesis, and BF10 annotating
how much more likely the data are under the alternative as compared to the null
hypothesis. For one-tailed testing, Bayes factors are reported as either predicting the
null (BF0+) or the alternative hypothesis (BF+0) in case of a positive effect, and BF0- and
BF-0 for negative effects. A default JZS prior with scaling factor r = 0.707 was used for
the alternative hypothesis (see Rouder, Speckman, Sun, Morey, & Iverson, 2009).
Using Jeffreys’ (1961) criteria, a Bayes factor larger than 1, 3, 10, and 100 is taken as
anecdotal, substantial, strong, and decisive evidence for the respective hypothesis.

Confirmatory analyses: Concealed Information Test
The main analysis consisted of a 2 (Delay: immediate CIT vs. 1-week-delayed
CIT, between-participants) by 2 (Abstractness level at encoding: items encoded at
category level vs. items encoded at exemplar level, within-participants) by 2
(Abstractness level in the CIT: items tested at category level vs. items tested at
exemplar level, within-participants) mixed ANOVA on the CIT-effect, calculated as

12

See online Appendix B for additional exploratory analyses on error rates.
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the reaction time difference (RTcritical items – RTirrelevant items) in milliseconds.
The mixed ANOVA revealed a significant main effect of Abstractness level in
the CIT, F(1, 134) = 6.24, p = .014, f = 0.21, that subsumed under the significant
interaction between Abstractness level at encoding and Abstractness level in the CIT,
F(1, 134) = 65.85, p < .001, f = 0.70 (i.e., larger RT difference when encoding and testing
were on a congruent level). No significant main effect was found for Delay, F(1, 134) =
1.58, p = .210, f = 0.11.
There was no significant main effect of Abstractness level at encoding, F(1, 134)
= 0.79, p = .376, f = 0.08. No significant interaction effect was found between
Abstractness level at encoding and Delay, F(1, 134) = 0.72, p = .398, f = 0.07, or
Abstractness level in the CIT and Delay, F(1, 134) = 0.10, p = .757, f = 0.03. Lastly, the
three-way interaction did not reveal significant effects, F(1, 134) = 1.58e-5, p = .997, f =
0.00.
To narrow down the predicted Abstractness level at encoding by Abstractness
level in the CIT interaction, planned contrasts were conducted across the immediate
and delayed conditions with Item Type as fixed factors (i.e., Category-Category,
Category-Exemplar, Exemplar-Category and Exemplar-Exemplar).13
A first planned contrast compared the RT difference between the CategoryExemplar Item Type with the three other Item Types to test the hypothesis that
participants with categorical information only do not show recognition of the
exemplar-level stimuli. The contrast revealed a significantly smaller CIT-effect in the
Category-Exemplar Item Type compared to the three other Item Types in which
knowledge existed, t(355.99) = 5.48, p < .001.14

13

For sake of readability and correctness, as there was no significant influence of a time delay on CIT performance,

the reported contrasts were conducted across the immediate and delayed CIT conditions. As this is a deviation
from the preregistration, the planned contrasts separately for each condition can be found in footnotes.
14

For the immediate CIT condition, the planned contrast revealed that in the Category-Exemplar Item Type, in

which no recognition was possible, there was a significantly smaller CIT-effect compared to the three other levels,
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A second planned contrast compared the RT difference of the ExemplarCategory Item Type with the two Item Types in which the abstractness level was the
congruent for Encoding and Testing (i.e., Category-Category and ExemplarExemplar). The contrast revealed that the CIT-effect was significantly lower in the
Exemplar-Category Item Type than for the other two Item Types, t(332.20) = 7.89, p <
.001.15 Note that the Category-Exemplar Item Type was not included in these contrasts,
since participants are not expected to have a larger response latency to the critical
compared to irrelevant items.
Following the preregistration, an additional comparison was performed on the
Category-Category versus Exemplar-Exemplar Item Types, to examine whether
questions in the CIT are best asked at the category or at the exemplar level when
encoded in the congruent level. The two-tailed paired-samples t-test revealed that the
CIT-effect for the Category-Category (M = 13.80, SD = 31.99) was smaller than that of
the Exemplar-Exemplar Item Type (M = 20.82, SD = 33.55), t(135) = 2.19, p = .030, d =
0.19.16 However, an additional Bayesian two-tailed paired-samples t-test revealed that
this difference was not sufficiently supported by the data, as the Bayes factor for the
CIT-effect difference between Category-Category and the Exemplar-Exemplar Item

t(218.49) = 3.79, p < .001. For the delayed condition, the planned contrast also revealed a significantly smaller CITeffect in the Category-Exemplar Item Type compared to the three other Item Types, t(256) = 3.50, p = .001.
15

For the immediate CIT condition, the planned contrast revealed that the CIT-effect was significantly lower in the

Exemplar-Category Item Type than for the other two Item Types, t(183.90) = 5.62, p < .001. For the delayed condition,
the planned contrast also revealed that the CIT-effect was significantly lower in the Exemplar-Category Item Type
than for the other two Item Types, t(256) = 5.60, p < .001.
16

The two-tailed paired-samples t-test revealed for the immediate condition that the CIT-effect for the Category-

Category (M = 16.63, SD = 33.99) was not significantly different from the Exemplar-Exemplar Item Type (M = 21.18,
SD = 37.56), t(70) = 0.98, p = .332, d = 0.12. For the delayed condition, the CIT-effect for the Category-Category (M =
10.71, SD = 29.61) was significantly smaller than that of the Exemplar-Exemplar Item Type (M = 20.42, SD = 28.83),
t(64) = 2.22, p = .030, d = 0.27.
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Types was close to 1 (BF = 1.04 in favor of H0).17
Moreover, as per preregistration, a one-tailed Bayesian paired-samples t-test
was performed on the critical-irrelevant contrast in each condition to investigate
whether detection efficiency was above chance. Table 1 shows the mean scores for each
cell of the design. For both the immediate and delayed CIT conditions, the results
revealed the expected CIT-effect for the Item Types Category-Category and ExemplarExemplar, reflected by strong to decisive evidence that recognition of the critical item
results in larger RTs to the critical compared to the irrelevant items. For the Item Type
Exemplar-Category there was no CIT-effect, reflected by strong evidence for the null
showing no generalization from the exemplar to the category level. For the two-tailed
Category-Exemplar Item Type analysis, Bayesian statistics revealed anecdotal to
substantial evidence for the null hypothesis. Indeed, as participants encoded the
critical information at the categorical level, they were not expected to distinguish the
correct exemplar from the irrelevant exemplars in the CIT.

17

For the immediate CIT-condition, the Bayesian two-tailed paired-samples t-test revealed substantial evidence

that there are no differences in the CIT-effect between the Category-Category and the Exemplar-Exemplar Item
Types, BF = 4.85 in favor of H0. For the delayed condition, the Bayesian two-tailed paired-samples t-test revealed
no conclusive result whether the CIT-effect for the Category-Category differed from the Exemplar-Exemplar Item
Type, BF = 0.75 in favor of H0.
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Table 1. Mean reaction times (in ms) for the immediate and delayed conditions per
Item Type.
Item Type

M(SD)

dwithin

BF

M(SD)

dwithin

BF

Immediate CIT condition (n = 71)

Delayed CIT condition (n = 65)

Category

Critical

500 (56)

0.47

BF+0 =

493 (51)

0.37

BF+0 =

Category

Irrelevant

484 (43)

[0.24; 0.71]

407.31

482 (49)

[0.12; 0.62]

12.67

Exemplar

Critical

503 (62)

0.55

BF+0 =

497 (53)

0.69

BF+0 =

Exemplar

Irrelevant

482 (49)

[0.31; 0.80]

3368.63

477 (50)

[0.43; 0.96]

92092.37

Exemplar

Critical

474 (50)

-0.23

BF0+ =

473 (61)

-0.27

BF0+ =

Category

Irrelevant

480 (43)

[-0.46; 0.01]

19.62

480 (53)

[-0.51; -0.02]

22.56

Category

Critical

471 (49)

-0.06

BF01 =

466 (53)

-0.23

BF01 =

Exemplar

Irrelevant

472 (48)

[-0.28; 0.16]

7.13

471 (52)

[-0.47; 0.02]

1.12

Exploratory analyses
For all questions in the follow-up questionnaire, an independent-samples t-test
was conducted to evaluate whether the ratings of participants in the immediate
condition (n = 65) differed significantly from participants who completed the CIT after
a 1-week delay (n = 68). As predicted, participants in the immediate condition reported
to have a better memory for details of the crime scenario than participants who were
tested after a 1-week delay. Participants in both conditions did not significantly differ
in their focus, involvement or effort to hide the critical information. Table 2 shows the
mean scores for each cell of the design.
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Table 2. Mean scores on the follow-up questionnaire (5-point Likert scale).
Question

Focus

M (SD)

M (SD)

Immediate

Delayed

Condition

Condition

(n = 71)

(n = 65)

4.17 (0.74)

4.09 (0.72)

t

df

p

dbetween

0.06

134

.542

0.11
[-0.23; 0.45]

Involvement

4.23 (0.90)

4.03 (0.79)

1.34

133.8

.181

0.24
[-0.10; 0.57]

Memory for robbery

4.37 (0.66)

4.07 (0.89)

2.17

134

.032

0.39
[0.04; 0.72]

Memory for targets

4.17 (0.70)

4.25 (0.79)

0.61

134

.546

-0.11
[-0.44; 0.23]

Effort to conceal
knowledge

4.65 (0.51)

4.62 (0.74)

0.30

134

.765

0.05
[-0.28; 0.38]

For all memory data, one-tailed independent-samples t-tests were conducted to
evaluate whether the memory of participants in the immediate CIT condition (n = 71)
was significantly higher than that for those tested after a 1-week delay (n = 65). For the
free recall, the number of correctly remembered details was counted (range 0-8). For
the recognition check the items were scored as either incorrect (0) or correct (1) and
summed (range 0-8). While participants in the immediate condition recalled more
items than participants in the delayed condition, no differences emerged on
recognition scores. Table 3 shows the mean scores for each cell of the design.
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Table 3. Mean scores (SD in parentheses) on the memory questionnaires (range 1-8).
Question

Recall

M (SD)

M (SD)

Immediate

Delayed

Condition

Condition

(n = 71)

(n = 65)

7.70 (0.52)

7.03 (1.22)

t

df

p

dbetween

4.11

84.62

<.001

0.72
[0.35; 1.06]

Recognition

7.68 (0.73)

7.63 (0.74)

0.36

134.00

.360

0.06
[-0.28; 0.40]

DISCUSSION
The current study explored the most appropriate level of item abstractness for memory
detection. While questions in the CIT can be phrased at the basic category level, such
as which type of vehicle was used to flee from the crime scene, in case of leakage of
information to innocent suspects, it might be safer to ask for specific critical
knowledge, such as the brand of the vehicle. Participant pairs planned a fictitious bank
robbery, encoding the critical details on either categorical (e.g., car) or exemplar (e.g.,
Citroën) level. In the CIT, half of the encoded details were tested on the same
abstractness level, while the other four items were replaced by its antagonistic level of
abstractness, leading to a crossed design. Results indicate an interaction between
encoding and testing, such that CIT validity is highest when there is a match (i.e.,
congruency) between how information is encoded and tested. Delay between planning
the crime and the memory detection test did not influence these results.

Item selection in the Concealed Information Test
While the idea of using response latency to index deception is almost a century
old (see Luria, 1932; Marston, 1920), current measurement equipment made it possible
to pick up on differences in milliseconds between truthfully and falsely denying
knowledge of a crime detail. Since then, the potential of RTs to support the notion that
lying is more demanding than truth-telling, and hence takes more time, has been
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validated (Suchotzki, Verschuere, van Bockstaele, Ben-Shakhar, & Crombez, 2017).
The present findings are consistent with the notion that lying is more demanding than
truth telling by showing enhanced RTs when denying recognition of previously
learned critical details. Importantly, this pattern did not arise when responding to
unknown exemplar items after encoding items merely at the category level. Both these
patterns affirm the validity of memory detection using the RT measure to distinguish
between knowledgeable and unknowledgeable individuals.
When general details from the crime are leaked to innocent suspects during
interrogation or from the media, it could lead to a false indication of concealed
information knowledge. Upon recognition of the crime details, the innocent suspect
may show a distinct response pattern to the critical details relative to the well-matched
alternative options. While such false-positive outcomes may be circumvented by
probing for more specific knowledge, this could result in false negatives, as the true
culprit might not recall such specific information from the crime. The current results
indicate no decreased detection efficiency when encoding and testing specific items in
the CIT as compared to using broader categories. While a statistically significant
difference was found favoring the Exemplar-Exemplar Item Type over Categorical
encoding and testing, Bayesian analysis was inconclusive. Additional research will be
required to reach firm conclusions regarding the optimal balance between sensitivity
and specificity. Especially since extensive memory research has demonstrated that the
categorical level is optimal for various cognitive functions, such as perception and
most importantly, memory (Rosch, Mervis, Gray, Johnson, & Boyes-Braem, 1976). Yet,
given the risk associated with information contamination, the current results suggest
that the exemplar-level CIT could become a promising tool in the future when leakage
is suspected.
Generalization. In the current study, no generalization occurred when details
were encoded in its’ exemplar form (e.g., Citroën) and the CIT-question asked about
the categorical getaway vehicle (e.g., train, bike, taxi, car, or bus). Earlier CIT research
has demonstrated the sensibility of the CIT to detect partial information, such as
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synonyms of the critical detail. Moreover, Ben-Shakhar and colleagues (1996) showed
a moderate degree of physiological generalization from items encoded at the exemplar
level (e.g., apple) to its superordinate category level (e.g., fruit). In the current study
this effect was not replicated, neither in the immediate nor in the delayed conditions.
We have speculated whether the absence of generalization could have been a
result of the fast and cognitively demanding character of the RT-CIT in which all eight
details were flashed on the screen in random order, either in its categorical or exemplar
form. Consequently, participants might have not recognized the subordinate items as
such, leading to unchanged behavior upon presentation of the critical items. However,
an additional pilot study (n = 75) using the single-probe protocol of the RT-CIT (for the
procedure see Verschuere et al., 2015), in which all items belonging to a single question
are presented sequentially before continuing to the next question, rather than
presenting all items randomly intermixed, revealed similar results as the current
study, including the lack of generalization.
Another possibility could lay in the fact that participants in both the immediate
condition as well as after a 1-week delay had a high recall and recognition ability of
the eight critical items. Interestingly, memory research has indicated that especially
over time, information is most likely retained at the basic category level (Pansky &
Koriat, 2004). Recollection of specific details declines over time, while the gist of the
event remains (Conway, Cohen, & Stanhope, 1991; Kintsch, Welsch, Schmalhofer, &
Zimny, 1990). More specifically, a slower forgetting curve was found for basic level
categorical information (e.g., bird), whereas individuals could not anymore
distinguish between exemplar-level items (e.g., sparrow or canary; Dorfman &
Mandler, 1994). It might be the case that since the memory for the original information
was nearly perfect, the details were not yet converged to its categorical name, thereby
explaining the lack of generalization from Citroën to car.
Delay. In contrast to the present results, several studies (Carmel et al., 2003;
Gamer et al., 2010; Nahari & Ben-Shakhar, 2011) found an attenuated, yet significant
CIT-effect when the test was administered after one- or two-weeks delay, which was
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more pronounced for peripheral items as opposed to details central to the crime.
Although with a small sample, Hira, Sasaki, Matsuda, Furumitsu, and Furedy (2001,
2002) found that participants guilty of a mock crime could be detected after a 1-month
and even a 1-year delay. With the current results in mind, the categorical CIT might
still be effective when administered sometime after the crime. Our findings showing
no detrimental effect of delaying the CIT may be accounted for by our use of wellrehearsed items. However, as memory research has demonstrated optimal memory
retention for the categorical level, further studies investigating the level of abstractness
on which details are encoded, stored, and retrieved by culprits, should give more
insight in the expected effects of a highly detailed CIT with regard to false-negative
outcomes. While the current results indicate positive effects for the exemplar-level CIT
after a 1-week time delay in preventing false positives, further research should confirm
its’ validity.

Limitations and suggestions for future research
Questions can be raised about the success of the delay manipulation. While a
statistically significant reduction in recall was revealed between participants who
conducted the CIT immediately versus after a 1-week delay, the size of the reduction
was rather small, implying negligible practical significance. Furthermore, for both
conditions, a clear ceiling effect can be observed in the recognition memory test, with
no differences due to time delay. As the CIT is a test of recognition, this might explain
the absence of an effect of delay in the current paradigm. Further research should
elongate the time interval between the planning of the robbery and the memory
detection test, as in the field this is common practice in the field of deception detection.
Moreover, the encoding phase was very exhaustive and might have caused the
ceiling effect in memory performance. This might be one possible reason why no
generalization occurred from the exemplar to the category level. By studying the
mock-robbery on a more contextual level in future research, in contrast to the specific
semantic setting of the current experiment, participants might also show increased
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4

Chapter 4

responses to the word car, as opposed to Citroën. A successful time delay
manipulation is expected to also influence the detailedness of the culprit’s memory, as
memory performance declines over time. While the perpetrator might still remember
that he fled the crime-scene with the nearest parked Citroën, three months after the
crime, this memory might have changed to the word car, unless the specific
information was highly salient (e.g., when the Citroën was specifically chosen because
of its discrete color or strong engine, it is very likely that this item is central to the crime
and will be better stored in memory).
To further examine the external validity of the CIT, future studies should
include a less strong encoding manipulation and/or a more realistic scenario, possibly
presented in a visual or virtual-reality format. Moreover, as the current results based
on RTs partially contradict previous results based on the electrodermal measure (BenShakhar et al., 1996), it will be important to replicate the current experiment using
psychophysiological measures. It should be noted that while the electrodermal
measure reflects orienting response (see also klein Selle, Verschuere, Kindt, Meijer, &
Ben-Shakhar, 2016, 2017), reaction time measures reflect different processes (e.g.,
cognitive load, inhibition, and response conflict). Consequently, the two types of
measures can also be affected by different factors.

CONCLUSIONS
The current results indicate that what constitutes a good CIT question is very
dependent on the encoding of the crime scene, thereby challenging examiners to
formulate appropriate items to achieve an optimal balance between sensitivity and
specificity.
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ABSTRACT
The Concealed Information Test (CIT) is administered to verify whether suspects
recognize certain features from a crime. However, the notion that only guilty suspects
have intimate crime knowledge may not take the complexity of real-life cases into
account. Whenever it is suspected that individuals who were not involved in the crime
have been contaminated with critical information (e.g., the perpetrator had a knife),
the examiner may ask more detailed questions (e.g., specific type of knife) to prevent
false positives. However, this may result in an increased number of false negatives if
the true perpetrator fails to discern specific details from its plausible controls.
Additionally, memory for detailed crime-scene information may be forgotten over
time, thereby possibly restricting correct classification in the CIT.
We examined whether presenting items at the exemplar level may protect
contaminated innocents, while validating to what extent the use of exemplar-level
details reduced sensitivity in the psychophysiological CIT. Participants (n = 142)
planned a mock-robbery, with the critical items encoded either at the category (e.g.,
knife) or at the exemplar (e.g., switchblade) level. Participants were administered the
CIT immediately or after a 1-week-delay, with questions phrased at the categorical or
exemplar level. While the time delay was brief and the encoding extensive, the current
findings paint a promising picture for the use of highly detailed questions in the CIT.
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INTRODUCTION
The assumption behind the Concealed Information Test (CIT; Lykken, 1959) is that
psychophysiological measures can be used to detect intimate crime knowledge in
suspects by presenting critical details from the crime (e.g., the perpetrator had a knife)
intermixed with several plausible, yet incorrect control options (e.g., gun, stick, or
taser). Many laboratory studies investigating the use of the CIT to detect culpability in
mock crimes (e.g., theft of an envelope containing money), have been found to
accurately distinguish between innocent and guilty participants (for a meta-analysis,
see Meijer, klein Selle, Elber, & Ben-Shakhar, 2014). When the suspect systematically
shows different physiological responses to critical items than to the control items,
knowledge is inferred. As innocent participants are unknowledgeable regarding the
crime, they cannot tell the critical crime detail from the controls, resulting in similar
responsivity across all items. Yet, the important underlying assumption of the CIT that
only guilty suspects have knowledge of details of the crime under investigation
disregards the complexity of real-life cases. Leakage of intimate crime details (i.e., nonpublic details about the crime under investigation assumed to be known only to the
perpetrator; Ofshe & Leo, 1997) to innocent suspects due to rumors, media, or during
police interviewing, may very well hamper discernment in the CIT. For example,
participants who were intentionally contaminated with mock-crime details showed a
significant increase in skin conductance (SCR) upon presentation of the critical item
(Meijer, Verschuere, & Merckelbach, 2010). Recognition of information – whether it is
through enacting the crime or through an innocent source – is sufficient to elicit a CITeffect (see e.g., Bradley & Rettinger, 1992; Bradley & Warfield, 1984; Gamer, Kosiol, &
Vossel, 2010; Nahari & Ben-Shakhar, 2011). This highlights the need to solve the
information leakage problem in the CIT.
A potential solution to information leakage has been proposed by field
examiners from Japan (Osugi, 2011; 2014; 2018), the only country currently
implementing the CIT on a daily basis. When it is uncertain whether suspects were
exposed to critical information by other means than involvement in the crime, the
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examiner may probe for more detailed information. Rather than presenting items at a
category level (e.g., the perpetrator used a knife), details are presented at the exemplar
level (e.g., the perpetrator used a switchblade, in comparison to a swiss knife, dagger,
or machete). As specific information is less likely to be leaked, presenting items at the
exemplar level provides an opportunity to counter the information leakage problem,
by exonerating individuals contaminated with categorical information (i.e.,
preventing false positives). Yet, two important pitfalls of highly detailed CITs may
arise with regards to correctly detecting guilty suspects (i.e., sensitivity).
First, when presenting items at the exemplar level, guilty suspects must remain
able to distinguish the critical items from the controls. If the question is too detailed, it
may result in non-recognition for guilty suspects (i.e., leading to false negatives). This
issue has been referred to as ‘distinguishability’ of items in the CIT (Osugi, 2014; 2018),
defined as the ability of examinees to distinguish between the different answer options
in a question. Only few studies have examined the possible detrimental effects of
exemplar-level items. For example, Osugi (2014) upon investigation of field data from
30 criminal cases found stronger physiological CIT-effects for high distinguishable
items in comparison to exemplar questions (i.e., low distinguishable items). More
recently, relying on response times (RTs) to indicate knowledge of critical items,
Geven, Ben-Shakhar, Kindt, and Verschuere (2019) found no differences in detection
efficiency between questions phrased at the category (e.g., ‘What type of weapon did
the perpetrator use?’) and exemplar-level questions (e.g., ‘Which specific knife did the
perpetrator use?’). Yet, as Japanese examiners solely rely on autonomic measures as
an indication of guilty knowledge, it is important to further investigate the influence
of item detailedness on the detection accuracy of the autonomic CIT in a controlled
design.
Second, it should be evaluated whether the use of items at the exemplar level
may affect memory and thus lead to lower sensitivity after a delay. Perpetrators may
forget details from the crime after a time interval between encoding and retrieval.
Indeed, the detection efficiency in the CIT is usually diminished after a time delay, but
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mainly for less important, peripheral details (Gamer et al., 2010; Nahari & BenShakhar, 2011). Memory research suggests that precise information is forgotten more
rapidly than coarse information (see e.g., Christiaansen, 1980; Koriat, Levy-Sadot,
Edry, & de Marcas, 2003). Following this basic-level convergence effect (Pansky &
Koriat, 2004), it can be expected that exemplar-level memories may fade to categorical
instances after a delay. Critically, if perpetrators tend to forget highly detailed features
from a crime after a time interval, the exemplar-level CIT may ultimately render
ineffective to detect guilty knowledge.
The goal of the present study was twofold. First, we examined whether
presenting items at the exemplar level may protect against false positives expected to
arise when categorical information is leaked to innocents. Second, it is investigated to
what extent the use of exemplar-level details reduces sensitivity in the CIT,
particularly after a delay. Participants planned a mock robbery, encoding the critical
items either at the category level (e.g., you will flee the crime scene by car) or at the
exemplar level (e.g., you will flee the crime scene in a Citroën). In the subsequent CIT,
items were presented either at the category or at the exemplar level in a crossed 2x2x2
design (see Figure 1 for a visual depiction). To further disentangle the influence of
memory deterioration over time, half of the participants were administered the CIT
immediately, whereas the other participants completed the test after a 1-week delay.
Recognition of the critical items leads to an increase in SCR, followed by a
deceleration of heart rate (HR) and respiratory suppression (RLL; see e.g., klein Selle
et al., 2016, 2017). As mere knowledge has been found sufficient to elicit physiological
responding, it is expected that participants who are aware of category-level
information can be detected in the psychophysiological CIT when categorical items
are used. However, they are not expected to respond to exemplar-level details.
Presenting items at the exemplar level may therefore protect against false positives
when categorical information is leaked to innocents. Furthermore, the optimal level of
item detailedness in the CIT is investigated to verify whether knowledge of exemplar-
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level details can be correctly detected in the CIT, or whether it converges to the
category level, specifically after a time interval between encoding and the test.

Figure 1. Manipulated critical information at encoding and item detailedness in the
CIT to investigate the sensitivity and specificity when information leakage is
suspected.

METHOD
The study was approved by the ethical committee of the Faculty of Social Sciences of
the

Hebrew

University

of

Jerusalem.

This

study

was

pre-registered:

https://osf.io/z32md. Task scripts, data and other materials are publicly available on
https://osf.io/gm4zj/. All participants provided consent before taking part in the study.

Participants
A total of 142 participants (65.5% female) were recruited for this study through
a university portal. Their average age was 23.80 years (SDage = 2.66, range from 18-34
years). Participants received course credits or a monetary compensation. Two
participants were excluded after the encoding phase, due to studying either two
different versions sequentially or due to the time interval being too short in the
delayed condition (i.e., five days). Seventy-one participants (69.0% female; Mage = 24.03,
SDage = 2.93) were randomly assigned to the immediate CIT condition and 69
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participants (62.3% female; Mage = 23.55, SDage = 2.35) were randomly assigned to the
delayed CIT condition, completing the CIT after a 1-week interval (± 1 day). There
were no significant differences between the immediate and the delayed conditions in
age, t(138) = 1.06, p = .290, d = 0.18, 95% CI [-0.15; 0.51] or gender, X2 (1) = 0.70, p = .404,
jc = .07.

Material
Crime scenario. Participants planned a mock robbery with the other participant
of the pair. The crime scenario consisted of a coherent story based on eight critical
details, of which four were presented in their categorical form and four in their
exemplar form: participants encoded a scenario according to which they met each
other in a sports center (exemplar: swimming pool) and planned to rob a bank (exemplar:
Hapoalim bank) in their residence area Hulon (exemplar: Gush Dan) in May (exemplar:
May 26th). Because they might not be able to flee the scene without a fight, they would
bring a pointed weapon (exemplar: flick knife). The partners in crime plan to steal
expensive jewelry (exemplar: ring) and hide it at home (exemplar: attic). Lastly, they
planned to flee the crime scene by car (exemplar: Citroën).
CIT. The order of the eight questions and their answering alternatives were
randomly determined. To maintain the participants’ attention, questions were
presented in two blocks, each containing four questions, with a short break in between
the blocks. All questions and items were presented verbally (through headphones) and
visually (on the computer screen). Audio files were pre-recorded by a third party who
was blind to the procedure. The question remained on the screen for 10 seconds,
followed by the answering alternatives that were presented for 5 seconds each, with a
mean inter-stimulus interval of 18 seconds (range 16-20). The first answering
alternative following the question was always a buffer item, designed to absorb the
initial orienting response, followed by the critical item, 4 irrelevant items, and a catch
item, in a random order.
Critical items were presented either at the categorical or exemplar level: two
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stimuli were encoded at the category level and were also presented at the category
level (e.g., encoded as car, tested as car, congruent with encoding) and two stimuli were
encoded at the exemplar level and were also presented at the exemplar level (e.g.,
encoded as Citroën, tested as Citroën, congruent with encoding). In two other instances,
the stimuli encoded at the category level were tested in their exemplar form (e.g.,
encoded as car, tested as Citroën; incongruent with encoding, as no exemplar-level
information was made available at encoding) and two of the stimuli encoded at the
exemplar level were tested in their category form (e.g., encoded as Citroën, tested as
car; incongruent with encoding, as only exemplar-level information was made
available at encoding). All participants were explicitly instructed to conceal their
knowledge of the planned robbery during the CIT and respond “no” to all presented
words. Lastly, catch items (i.e., a random numbers) were inserted to ensure that
examinees paid attention to all items. When a catch item was presented, participants
were instructed to repeat the number verbally.
Follow-up questionnaire. Participants were asked to report on a 5-point Likert
scale their ability to focus on the computer screen during the CIT, their general
involvement in the experiment, their memory of the planned robbery, and their effort
to conceal knowledge by suppressing or enhancing physiological responding. Finally,
participants were given the opportunity to freely elaborate on strategies to avoid
detection.
Recall and recognition. To investigate the extent of forgetting during the time
interval between encoding and the CIT, participants completed a free recall and then
a recognition memory test after the CIT. For free recall, the number of correctly recalled
details were counted, leading to a total recall score between 0-8. For the multiplechoice recognition task, participants had to pick the critical item studied during the
encoding phase from four irrelevant options. Correct identification of the probe
resulted in a score of 1, leading to a total recognition score between 0-8.
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Procedure
Similar to the procedure described in Geven and colleagues (2019), participants
came to the laboratory in pairs and studied the plan of a bank robbery together. When
only one participant showed up (n = 9), the experimenter took the place of the partner
while planning the mock crime. The experimenter instructed participants to study the
details from the crime extensively and to visualize actually committing the robbery.
The experimenter first read the plan for the robbery aloud, with its eight critical
details presented in either categorical or exemplar level. Participants then wrote down
the words, read the plan aloud, and probed each other for the information. During this
encoding phase, the experimenter stayed in the room to intervene when participants
would accidentally fill in an exemplar-level detail when aligning their story (e.g.,
inventing a specific car brand if they had to encode the categorical stimulus). Finally,
participants filled in the missing details of the story on paper, followed by a free recall
of the items. After this encoding phase, one participant of the pair was randomly
assigned to the immediate testing condition, whereas the other participant was
assigned to complete the CIT after a 1-week delay (± 1 day). Participants were explicitly
instructed not to discuss details of the experiment with each other in the period
between the encoding phase and the second session.
In the second phase of the experiment, the experimenter requested participants
to wash their hands in preparation of the physiological task, attached the RLL belts as
well as the SCR electrodes, and conducted the full CIT procedure (HR was also
recorded, but is not reported here). The experimenter explained that the participants
would take a polygraph test. Participants were explicitly instructed to hide all
information about the planned crime. Upon successful concealment18, participant
received an additional 1 course credit compensation or a monetary bonus.
For each of the eight critical details encoded in the crime scenario, the CIT

18

Participants were given the bonus when their individual CIT score (dCIT = MRT(critical item) – MRT(irrelevant

) /

items)

SDRT(irrelevant items) was below 0.2 (see also Noordraven & Verschuere, 2013).
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included the correct answer, a buffer item, and four incorrect answers serving as
irrelevant options (ratio 1:1:4). For instance, if car was the critical stimulus, the buffer
item was bicycle, and the irrelevant stimuli were motorbike, train, bus, and helicopter
(categorical Item Type), and if Citroën was the critical stimulus, the buffer was
Volkswagen, and the irrelevant stimuli were Opel, Fiat, Ford, and Peugeot (exemplar
Item Type). In total, participants were presented with eight questions, each consisting
of seven items (i.e., 1 buffer, 1 critical, 4 irrelevant, and 1 catch item), totaling 56 items.
After the full CIT procedure, participants were told that the experiment was
finished and they did not have to hide any information anymore. Then, participants
completed the follow-up questionnaire, as well as the recall and recognition
questionnaires, and were debriefed and compensated.

Data acquisition and reduction
Electrodermal activity was recorded using a constant voltage system (0.5 V ASR
Atlas Researches, Hod Hasharon, Israel) and an A/D (NB-MIO-12) converter with a
sampling rate of 50 Hz. Two Ag/AgCl electrodes (0.8 cm diameter) filled with a 0.05 M
NaCL electrolyte (TD-246, Discount Disposables) were placed on the distal phalanges
of the left index and left ring finger. The SCR was measured from 1 second to 5 seconds
after stimulus onset and defined as the maximal increase in conductance during this
time window.
Respiration was recorded with a respiratory band positioned around the
thoracic area. Respiration responses were defined on the basis of the total respiration
line length, which is a composite measure of respiratory amplitude (depth of
breathing) and respiratory cycle (rate of breathing), during a 15-second interval
following stimulus onset. Following Elaad, Ginton, and Jungman (1992), we defined
each response as the mean of ten length measures (0.1 second after stimulus onset
through 15.1 seconds after stimulus onset, 0.2 second through 15.2 seconds after
stimulus onset, etc.). The RLL was defined as the mean of the ten length measures
computed for the ten windows.
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CIT-scores

were

calculated

as

individual

Z-scores,

reflecting

psychophysiological responses to the relevant item compared to the neutral items,
computed within participants and within each block, separately for the three
measures. These CIT-scores are calculated by subtracting the mean response across all
items from the response to the critical items, divided by the respective standard
deviation (see Ben-Shakhar & Elaad, 2002; Elaad & Ben-Shakhar, 1997). Buffer and
catch items are excluded from the standardization procedure (see klein Selle et al.,
2016, 2017). For each participant and each physiological measure, a CIT-score was
created by averaging the respective Z-scores of all critical items. Scores for RLL are
multiplied by -1 prior to analysis, hence a positive CIT-score is indicative of concealed
information for all three measures.
Exclusion criteria. Due to technical errors, three individuals were excluded
from SCR analyses and two participants were excluded from RLL analyses.
For each of the dependent measures, item-specific responses were removed if
the standardized score was smaller than -5 or larger than 5, reflecting outliers. When
a movement coincided with a positive standardized score (for SCR) or a positive
standardized score larger than 2 or lower than -2 (for RLL), the item was discarded
from analyses (see also Geven, klein Selle, Ben-Shakhar, Kindt, & Verschuere, 2018).
Further exclusions were performed when participants showed a standard deviation of
the raw SCR scores below 0.01 during the entire procedure (n = 4), or throughout
presentation of a block (i.e., 4 questions). In these cases, all SCR measurements from
that block were discarded from further analyses due to non-responsiveness (n = 13).

RESULTS
All analyses used an alpha level of .05. Effect sizes for the ANOVA are reported using
Cohen’s f. Effect sizes for the independent samples t-tests are reported using Cohen’s
d. As a rule of thumb, Cohen (1988) proposed 0.10, 0.25, and 0.40 as thresholds for
“small”, “moderate”, and “large” effects, and 0.20, 0.50, and 0.80 as thresholds for
“small”, “moderate”, and “large” effects for f and d values, respectively.
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In addition, JZS Bayes factors (BF) were computed using JASP software version
0.8.4 (JASP team, 2018), representing numerical values quantifying the odds ratio
between the null and the alternative hypothesis given the data. BF01 annotates how
much more likely the data are under the null as compared to the alternative
hypothesis, and BF10 annotates how much more likely the data are under the
alternative as compared to the null hypothesis. For one-tailed testing, Bayes factors are
reported as either predicting the null (BF0+) or the alternative hypothesis (BF+0). JZS
prior with scaling factor r = 0.707 was used for the alternative hypothesis (see Rouder,
Speckman, Sun, Morey, & Iverson, 2009). Using Jeffreys’ (1961) criteria, a Bayes factor
(BF) larger than 3, 10, and 100 is taken as substantial, strong, and decisive evidence for
the respective hypothesis. It should be noted that values close to 1 fail to support either
hypotheses, and that Bayes Factors represent a relative comparison of one hypothesis
over the other but that both could be false.

Confirmatory analyses
SCR. The main analysis consisted of a 2 (Delay: immediate CIT vs. 1-weekdelayed CIT, between-participants) by 2 (Abstractness level at encoding: items
encoded at category level vs. items encoded at exemplar level, within-participants) by
2 (Abstractness level in the CIT: items tested at category level vs. items tested at
exemplar level, within-participants) mixed ANOVA on the Z-scores.
The mixed ANOVA revealed a significant main effect of Abstractness level at
encoding, F(1, 119) = 21.60, p < .001, f = 0.42, and a significant main effect of Abstractness
level in the CIT, F(1, 119) = 8.15, p = .005, f = 0.26, that subsumed under the significant
interaction between Abstractness level at encoding and Abstractness level in the CIT,
F(1, 119) = 58.19, p < .001, f = 0.69. As is clear from Figure 2, this interaction originates
from the larger Z-scores when the items were congruent at encoding and testing (i.e.,
both exemplar or both categorical) compared to items for which there was an
incongruency between encoding and testing (i.e., encoded at exemplar level and tested
categorically, or encoded at categorical level and tested at the exemplar level).
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There were no effects of Delay: main effect of Delay, F(1, 119) = 0.75, p = .389, f =
0.08, Abstractness level at encoding by Delay, F(1, 119) = 1.11, p = .293, f = 0.09, or
Abstractness level in the CIT by Delay, F(1, 119) = 1.06, p = .306, f = 0.09, and no
significant three-way interaction, F(1, 119) = 2.53, p = .114, f = 0.12.

5
Figure 2. Mean Z-scores for the skin conductance and respiration measure. Error bars
represent standard errors.

To narrow down the Abstractness level at encoding by Abstractness level in the
CIT interaction, planned contrasts were conducted with Item Type as fixed factors (i.e.,
Category-Category,

Category-Exemplar,

Exemplar-Category,

and

Exemplar-

Exemplar). As no significant influence of a time delay on CIT performance emerged,
the reported contrasts are conducted across the immediate and delayed CIT
conditions.
A first planned contrast compared the mean Z-score of the Category-Exemplar
Item Type with the three other Item Types to test the hypothesis that participants with
categorical information only do not show recognition of the exemplar-level stimuli.
The contrast revealed a significantly lower Z-score in the Category-Exemplar Item

131

Chapter 5

Type (M = -0.19, SD = 0.64) compared to the three other Item Types in which
knowledge existed (M = 0.64, SD = 0.97), t(330.68) = 11.11, p < .001, suggesting that the
exemplar-level CIT may provide a safeguard against leakage when leakage occurs at
the category level.
A second planned contrast compared the mean Z-score of the ExemplarCategory Item Type with the two Item Types in which the abstractness level was
congruent for Encoding and Testing (i.e., Category-Category and ExemplarExemplar). The contrast revealed a significantly lower CIT-effect in the ExemplarCategory Item Type (M = 0.41, SD = 0.89) than for the other two Item Types (M = 0.76,
SD = 1.01), t(289.67) = 3.49, p = .001, suggesting higher detection efficiency when the
detailedness at testing was congruent with encoding. Note that the CategoryExemplar Item Type was not included in these contrasts, since participants are not
expected to have a larger response to the critical compared to irrelevant items in this
condition.
Following the preregistration, an additional comparison was performed on the
Category-Category versus Exemplar-Exemplar Item Types, to examine whether
questions in the CIT are best asked at the category or at the exemplar level given
congruency between encoding and testing. The two-tailed paired-samples t-test
revealed that the Z-score for the Category-Category (M = 0.65, SD = 0.98) and the
Exemplar-Exemplar Item Type (M = 0.87, SD = 1.03) did not significantly differ, t(124)
= 1.68, p = .097, d = 0.15, 95% CI [-0.32; 0.03], suggesting that the highly detailed CIT
does not hamper detection efficiency. A Bayesian two-tailed paired-samples t-test
revealed anecdotal evidence for the null hypothesis (BF01 = 2.59).
Moreover, as per preregistration, a one-sample Bayesian t-test was performed
on the Z-scores in each condition to investigate whether detection efficiency was above
chance. Table 1 shows the mean scores for each cell of the design. For both the
immediate and delayed CIT conditions, the results revealed the expected CIT-effect
for the Item Types Category-Category and Exemplar-Exemplar, reflected by decisive
evidence that recognition of the critical item results in larger Z-scores. For the Item
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Type Exemplar-Category there was also a significant CIT-effect, reflected by strong to
decisive evidence for the alternative hypothesis showing generalization from the
exemplar to the category level. For the Category-Exemplar Item Type, participants
encoded the critical information at the categorical level and hence were not expected
to distinguish the critical item from the controls in the exemplar-level CIT. Two-tailed
Bayesian analysis revealed substantial evidence for the alternative hypothesis in the
immediate condition, yet the Z-scores were in the opposite direction and therefore not
indicating recognition. For the delay condition, Bayesian statistics revealed anecdotal
evidence for the null hypothesis.

Table 1. Mean Z-scores for the skin conductance response
Immediate CIT condition

Delayed CIT condition

Item Type

Z(SD)

d

BF

Z(SD)

d

BF

Category

0.82 (0.96)

0.85

BF+0 =

0.47 (0.97)

0.48

BF+0 =

[0.61; ∞]

1.19e+7

[0.26; ∞]

130.66

0.83

BF+0 =

0.86

BF+0 =

[0.59; ∞]

7.47e+6

[0.61; ∞]

2.88e+6

0.41

BF+0 =

0.53

BF+0 =

[0.20; ∞]

43.68

[0.30; ∞]

400.32

-0.32

BF10 =

-0.26

BF01 =

[-0.56; -0.07]

3.11

[-0.52; -0.01]

1.00

Category

Exemplar

0.92 (1.12)

Exemplar

Exemplar

0.38 (0.92)

Category

Category
Exemplar

-0.21 (0.67)

0.80 (0.94)

0.45 (0.85)

-0.16 (0.62)

RLL. The main analysis consisted of a 2 (Delay: immediate CIT vs. 1-weekdelayed CIT, between-participants) by 2 (Abstractness level at encoding: items
encoded at category level vs. items encoded at exemplar level, within-participants) by
2 (Abstractness level in the CIT: items tested at category level vs. items tested at
exemplar level, within-participants) mixed ANOVA on the Z-scores.
The mixed ANOVA revealed a significant interaction between Abstractness
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level at encoding and Abstractness level in the CIT, F(1, 135) = 16.14, p < .001, f = 0.35.
As visible in Figure 2, this interaction originates from the larger Z-scores when
encoding and testing were on a congruent level compared to incongruent Item Types.
Moreover, a significant interaction was revealed between Abstractness level at
encoding and Delay, F(1, 135) = 5.44, p = .021, f = 0.20.
No significant main effect was found for Delay, F(1, 135) = 1.55, p = .216, f = 0.11.
Additionally, there were no significant main effects of Abstractness level at encoding,
F(1, 135) = 0.11, p = .746, f = 0.03, and Abstractness level in the CIT, F(1, 135) = 1.87, p =
.174, f = 0.12, and interaction effects between Abstractness level in the CIT and Delay,
F(1, 135) = 0.57, p = .452, f = 0.06. Lastly, the three-way interaction did not reveal a
significant effect, F(1, 135) = 0.05, p = .824, f = 0.00.
To narrow down the predicted Abstractness level at encoding by Abstractness
level in the CIT interaction, planned contrasts were conducted with Item Type as fixed
factors (i.e., Category-Category, Category-Exemplar, Exemplar-Category, and
Exemplar-Exemplar). As no significant influence of a time delay on CIT performance
emerged, the reported contrasts are conducted across the immediate and delayed CIT
conditions.
A first planned contrast compared the mean Z-score between the CategoryExemplar Item Type with the three other Item Types to test the hypothesis that
participants with categorical information only do not show recognition of the
exemplar-level stimuli. The contrast revealed a significantly smaller Z-score in the
Category-Exemplar Item Type (M = 0.10, SD = 0.69) compared to the three other Item
Types in which knowledge existed (M = 0.34, SD = 0.71), t(544) = 3.45, p = .001,
suggesting that the highly detailed CIT may counter false-positives due to information
contamination at the category level.
A second planned contrast compared the mean Z-score of the ExemplarCategory Item Type with the two Item Types in which the abstractness level was
congruent for Encoding and Testing (i.e., Category-Category and ExemplarExemplar). The contrast revealed that the CIT-effect was significantly lower in the
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Exemplar-Category Item Type (M = 0.20, SD = 0.69) than for the other two Item Types
(M = 0.42, SD = 0.73), t(544) = 2.94, p = .003, highlighting the importance of congruency
between encoding and testing. Note that the Category-Exemplar Item Type was not
included in these contrasts, since participants are not expected to be aware of the
critical items.
Following the preregistration, an additional comparison was performed on the
Category-Category versus Exemplar-Exemplar Item Types, to examine whether
questions in the CIT are best asked at the category or at the exemplar level given
congruency between encoding and testing. The two-tailed paired-samples t-test
revealed that the mean Z-score for the Category-Category (M = 0.45, SD = 0.74) and the
Exemplar-Exemplar Item Type (M = 0.38, SD = 0.71) did not significantly differ, t(136)
= 0.83, p = .408, d = 0.07, 95% CI [-0.10; 0.24]. A Bayesian two-tailed paired-samples ttest revealed substantial evidence for the null hypothesis (BF01 = 7.51), suggesting that
the sensitivity in the exemplar-level CIT is equivalent to the categorical level.
Moreover, as per preregistration, a one-sample Bayesian t-test was performed
on the Z-scores in each condition to investigate whether detection efficiency was above
chance. Table 2 shows the mean scores for each cell of the design. For both the
immediate and delayed CIT conditions, the results revealed the expected CIT-effect
for the Item Types Category-Category and Exemplar-Exemplar, reflected by strong to
decisive evidence that recognition of the critical item results in larger Z-scores. For the
Item Type Exemplar-Category there was also a CIT-effect, reflected by anecdotal to
substantial evidence for the alternative hypothesis showing generalization from the
exemplar to the category level. For the Category-Exemplar Item Type, participants
encoded the critical information at the categorical level and hence were not expected
to distinguish the correct exemplar from the irrelevant exemplars in the CIT. Twotailed Bayesian analysis revealed substantial evidence for the null hypothesis in the 1week delayed condition, while Bayesian analysis was inconclusive for the immediate
condition.
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Table 2. Mean Z-scores for the respiration measure
Immediate CIT condition

Delayed CIT condition

Item Type

Z(SD)

d

BF

Z(SD)

d

BF

Category

0.58 (0.65)

0.89

BF+0 =

0.31 (0.80)

0.39

BF+0 =

[0.65; ∞]

9.57e+7

[0.18; ∞]

27.46

0.47

BF+0 =

0.62

BF+0 =

[0.26; ∞]

206.70

[0.40; ∞]

10219.85

0.31

BF+0 =

0.28

BF+0 =

[0.11; ∞]

5.72

[0.07; ∞]

2.79

0.25

BF01 =

0.04

BF01 =

[0.01; 0.49]

1.02

[-0.20; 0.28]

7.03

Category

Exemplar

0.34 (0.73)

Exemplar

Exemplar

0.19 (0.61)

Category

Category

0.17 (0.70)

Exemplar

0.42 (0.68)

0.21 (0.76)

0.03 (0.68)

Exploratory analyses
Self-report ratings. Independent-samples t-tests revealed that participants in
the immediate condition reported to have a better memory for details of the crime
scenario than participants who were tested after a 1-week delay. No significant
differences were found in the reported focus, involvement, or effort to hide the critical
information. Table 3 shows the mean scores for each cell of the design.
Memory. One-tailed independent-samples t-tests were conducted to evaluate
whether the memory of participants in the immediate CIT condition was significantly
higher than that for those tested after a 1-week delay. While participants in the
immediate condition recalled more items than participants in the delayed condition,
no significant difference emerged on recognition scores. Table 4 shows the mean scores
for each cell of the design.
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Table 3. Mean scores on the follow-up questionnaire (5-point Likert scale).
M (SD)

M (SD)

Immediate

Delayed

CIT condition

CIT condition

3.87 (0.76)

3.90 (0.81)

Focus

t

df

p

dbetween

0.20

137

.839

-0.04
[-0.37; 0.30]

Involvement

4.33 (0.74)

4.52 (0.70)

1.59

137

.115

-0.27
[-0.60; 0.07]

Memory for the

4.89 (0.36)

4.55 (0.61)

3.94

110.08

<.001

robbery

0.67
[0.32; 1.01]

Effort to conceal

3.93 (1.00)

3.93 (0.90)

0.01

137

.995

knowledge

0.00
[-0.33; 0.33]

Table 4. Mean scores (SD in parentheses) on memory recall and recognition (range 08).
Question

Recall

M (SD)

M (SD)

t

Immediate

Delayed

CIT condition

CIT condition

7.71 (0.57)

6.86 (1.17)

df

p

dbetween

5
5.51

98.24

<.001

0.94
[0.63; ∞]

Recognition

7.93 (0.26)

7.88 (0.37)

0.85

138

.197

0.14
[-0.13; ∞]

DISCUSSION
Laboratory

studies

have

validated

the

use

of

memory

detection

using

psychophysiological measures (see Meijer et al., 2014), yet the assumption that only
guilty suspects possess crime-related information may critically impact real-life
application. If innocents are inadvertently contaminated with perpetrator knowledge,
the diagnostic value of the CIT could be compromised. The current findings indicated
that probing for category-level information renders contaminated innocents at risk of
being incorrectly classified as knowledgeable in the CIT. To illustrate, participants
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who were informed that the perpetrator used a knife, revealed strong physiological
responses to the word knife in comparison to plausible controls such as gun or stick.
The current study therefore further investigated whether the use of highly specific,
exemplar-level details may counter false-positive results (i.e., specificity), while
maintaining high sensitivity (i.e., true positives).

Countering leakage in the CIT
Innocent suspects may be exposed to critical crime details due to rumors or
media. Moreover, qualitative analyses of confessions in DNA exoneration cases in the
United States reveal that the majority of false confessors indeed reported accurate,
non-public details from the crime (Garrett, 2015), suggesting information
contamination. Yet, the knowledge of these contaminated innocents is not expected to
be as rich and detailed as the memory of the true perpetrator, who physically
committed the crime. To counter possible effects of leakage in the CIT an examiner
may probe for more detailed, exemplar-level information. In the current study, we
operationalized leakage by revealing categorical information (e.g., knife) to
participants. Whenever participants were faced with several exemplar-level options
(e.g., several types of knives) in the CIT, they could be correctly classified as innocent.
Hence, presenting items at the exemplar level did not result in increased physiological
responding when participants were contaminated with categorical information.
Using exemplar-level items in the CIT is likely to result in increased specificity,
yet it is equally important to correctly detect knowledgeable examinees. The current
findings indicate that guilty individuals may still be correctly detected when the CIT
involves highly detailed questions at the exemplar level. That is, participants who
knew the specific type of knife used in the crime showed strong physiological
responding to the correct option switchblade in comparison to control options swiss
knife or dagger. The results thereby reveal that participants correctly recognized the
exemplar-level critical item embedded in equally detailed controls, indicating
sufficient item distinguishability. Despite previous findings by Osugi (2014), the
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sensitivity of the exemplar-level CIT in the current study was equivalent to questions
phrased at a categorical level (see also Geven et al., 2019), indicating that the use of
highly detailed questions did not compromise CIT validity. To illustrate, Z-scores for
the SCR and RLL measures revealed similar detection efficiency, substantiated by
Bayesian evidence for the null hypothesis, when the questions were asked either at
category or exemplar level, but under conditions of congruency between encoding and
testing. The current findings paint a promising picture for the use of highly detailed
questions in the CIT, while maintaining high sensitivity and specificity.

Optimal level of detailedness in the CIT
While the current findings suggest that items could be accurately distinguished
at both the category and exemplar level, it is important to investigate how a time delay
between encoding and the CIT influences memory performance, especially regarding
specific details of the crime. Subjective reports in the follow-up questionnaire as well
as memory recall tests indicated a significant difference in recall ability between
participants in the immediate and delayed conditions, albeit mean recall rate remained
fairly close to the maximum score of eight. Surprisingly, no significant differences
emerged between participants who were tested directly after encoding the mock crime
and participants completing the CIT after a delay in recognition scores and CIT
detection scores. Our study is not the only one that found the CIT to detect memories
after a time interval (Geven et al., 2019). In a preliminary study based on a very small
sample size (n = 9), Hira, Sasaki, Matsuda, Furumitsu, and Furedy (2001, 2002)
reported to be able to distinguish guilty from innocent participants after even longer
time delays (e.g., one month or a year after encoding). However, the effect may
perhaps be due to the centrality of the critical items, as reduction in physiological
responding may be strongest for peripheral information (Carmel, Dayan, Naveh,
Raveh, & Ben-Shakhar, 2003; Gamer et al., 2010; Nahari & Ben-Shakhar, 2011).
While CIT-results were optimal when details were presented on the same level
of detailedness as the original encoded stimuli (see also Ben-Shakhar & Gati, 1987; Ben139
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Shakhar, Gati, & Salamon, 1995, Geven et al., 2019), significant – yet attenuated –
effects were revealed upon presentation of category items (e.g., knife) when exemplarlevel details (e.g., switchblade) were originally encoded. These findings thereby
replicate previous studies suggesting that presentation of synonyms of the critical item
(e.g., table – desk), pictorial presentation of verbally encoded words, as well as
subordinate words (e.g., table – furniture) are sufficient to elicit physiological
responses (Ben-Shakhar, Frost, Gati, & Kresh, 1996).

Limitations
There are several limitations to this paradigm and experiment. First, to further
investigate the true effectiveness of an exemplar-level CIT to counter the information
leakage problem, it is important to validate the results when memory is not optimal.
While in the current laboratory study both the recognition and recall rates revealed
ceiling effects (i.e., mean recall and recognition rate around seven out of a maximum
of eight details), it cannot be inferred that perpetrators perfectly encode and retain all
crime details in the field. As participants in the current experiment practiced the
critical details until perfection, the encoding phase is deemed artificial. It is
recommended to manipulate the memory factor by diminishing the encoding phase
or by elongating the delay.
Second, to allow a fully crossed between-within subject design using four
different item sets, crime details were studied verbally and not encoded in a mockcrime paradigm. To enhance external validity in the current paradigm, it would be
interesting to more closely mimic the environment expected in the field, for example
by using visual stimuli at encoding, or by physically executing a mock crime.
Third, it might be important to further investigate possible differences in the
level of item detail. In the current study, we operationalized categorical and exemplar
items, such as car and Citroën, respectively. However, more than two levels of
detailedness could be possible, ranging from subordinate (e.g., sports car) to basic level
(e.g., car) and superordinate terms (e.g., vehicle; Pansky & Koriat, 2004). In the CIT,
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Osugi (2014) found higher CIT-scores for basic level items in comparison to various
subordinates. Given the inverted U-shape to the basic level (i.e., basic level
convergence effect; Pansky & Koriat, 2004), the optimal level of detail could be further
investigated. For example, it remains to be tested whether perpetrators respond to
items that are either too global (e.g., vehicle) or too specific (e.g., blue Citroën C5).

CONCLUSIONS
In the current study, the detrimental effect of information leakage was successfully
countered by asking more specific questions. It is recommended to further validate
these promising results using a more realistic design, and to explore other ways (e.g.,
visual testing) to solve the problem of leakage in the CIT. Interestingly, sensitivity in
the exemplar-level CIT was equivalent to the categorical level. Considering the
limitations that the delay was brief and encoding was extensive, the findings suggest
that the exemplar-level CIT may lead to high sensitivity and specificity.
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ABSTRACT
A confession is the most incriminatory evidence in criminal proceedings, yet
laboratory research as well as wrongful conviction cases indicate that not all confessors
are actually guilty. Currently, there is no validated method to assess the veracity of
confessions and differentiate true from false admissions of guilt. Here, we evaluate
whether a new application of the Concealed Information Test (CIT) is a potentially
valid method to make that distinction. The CIT assesses recognition of critical (e.g.,
crime) knowledge, and can therefore be expected to reveal that false confessors do not
have the intimate knowledge true confessors possess by engaging in their
transgression.
In this preregistered study, 83 participants completed problem-solving tasks,
individually and in pairs. Unbeknownst to the participants, their team-member was
actually a confederate, tempting the participant to break the experimental rules by
assisting during an individual assignment. Irrespective of actual rule-breaking
behavior, all participants were accused of cheating, and interrogated by an
experimenter seeking a confession. True confessors (n = 28) but not false confessors (n
= 20) showed recognition of answers obtained by cheating in the individual task as
evidenced by larger physiological responses to the critical than to plausible but
incorrect control answers. Although contamination (e.g., police communication of
critical details to innocent suspects) remains a challenge, the CIT may, under specific
conditions, be of use to discriminate true from false confessions.
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INTRODUCTION
In Bruton v. United States, 1968, the US supreme court declared that a defendants’
confession “is probably the most probative and damaging evidence that can be
admitted against him” (p. 8). Indeed, people find it difficult to believe that anyone
would confess to a crime they did not commit (Kassin & Wrightsman, 1980, 1981). A
confession can thereby have an overwhelming impact on jurors and judges. Research
has indicated that even when no further evidence linking a suspect to a crime was
presented, the mere presence of a confession tripled the chance to be found guilty at
trial rather than to be acquitted (Leo & Ofshe, 1998). This may explain why false
confessions contribute to almost 29% of the cases investigated by the Innocence Project
(www.innocenceproject.org; see also Drizin & Leo, 2004; Garrett, 2011). The lasting
detrimental effects of wrongful convictions on all involved parties highlight the need
for independent measures to verify the veracity of a confession.
Given the profound influence of confession evidence on trial, all confessions
should be reviewed with caution to determine their veracity. To do so, it is important
to look at personal characteristics of the suspect (e.g., dispositional risk factors such as
youth or cognitive impairment; Drizin & Leo, 2004; Gudjonsson, 2003) and situational
factors (e.g., confrontational interrogation tactics such as the presentation of false
evidence and minimization; Kassin, 2015) that might increase the probability that an
innocent suspect signs a confession. Yet, even when mock-jurors read transcripts of a
murder trial in which the defendants’ confession was highly coerced and ruled as
inadmissible by the judge, they still did not fully discount the confession when
reaching a verdict (Kassin & Sukel, 1997). This pattern is found even when the
confession was reported secondhand by an informant who was motivated to implicate
the defendant (Neuschatz, Lawson, Swanner, Meissner, & Neuschatz, 2008; Wetmore,
Neuschatz, & Gronlund, 2014). Knowledge of possible risk factors might therefore not
be sufficient for laypeople to discriminate true from false confessions.
However, even for trained investigators, district attorneys, and judges it is
challenging to distinguish true from false confessions. In a study by Kassin, Meissner,
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and Norwick (2005), prison inmates provided self-incriminating statements that were
either true or false. The recorded statements were observed by police investigators
who judged the veracity of the confessions. Although they were highly confident in
their decision, the overall accuracy rate (53.9%) was not significantly different from a
random guess. Likewise, in a replication study specifically targeting confessions made
by juvenile delinquents, the percentage of correct judgements remained at chance level
(52.8%; Honts, Kassin, & Craig, 2014; see also Honts, Forrest, & Stepanescu, 2019).
Indeed, false confessions seem indistinguishable from true confessions both in terms
of the details provided (Garrett, 2010) and other content cues (e.g., expressions of
remorse; Appleby, Hasel, & Kassin, 2013).
While false confessions represent a minority in all criminal cases handled by the
courts, the consequences can be detrimental when they are not correctly recognized as
such. False admissions of guilt have been shown to also taint eyewitness identifications
(Hasel & Kassin, 2009), statements from alibi witnesses (Marion, Kukucka, Collins,
Kassin, & Burke, 2016), forensic experts (Kassin, Dror, & Kukucka, 2013), and
contribute to tunnel vision amongst investigators. Moreover, if the main focus of the
criminal investigation locks in on an innocent suspect, the true perpetrator escapes
capture, remaining free to commit other crimes (e.g., the Central Park jogger case;
Burns, McMahon, & Burns, 2012). Meanwhile, wrongful imprisonment can stigmatize
the innocent (Clow & Leach, 2015) and trigger severe mental health issues (Grounds,
2005; Scott, 2010)
In the current study, the potential of the Concealed Information Test (CIT;
Lykken, 1959) as a forensic tool to evaluate the veracity of confessions is examined.
The CIT assesses the recognition of intimate details, derived from the crime scene. The
examination involves the presentation of several questions, each followed by one true
detail of the crime and several plausible control items, for example ‘Where was the
victim found? a) bathroom, b) kitchen, c) bedroom, d) garden, e) living room’. During
the sequential presentation of all items, psychophysiological features – most
commonly skin conductance (SCR), heart rate (HR), and respiration (RLL) – are
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measured. Innocent examinees, who are unaware of factual information about the
location of the victim in the house, are expected to respond similarly to all presented
alternatives. However, recognizing salient crime details in the knowledgeable
examinee will be apparent from an increase of the SCR (i.e., orienting response;
Lykken, 1974; Sokolov, 1963), a deceleration of the HRR and suppression of the
respiration cycle (i.e., arousal inhibition; klein Selle, Verschuere, Kindt, Meijer, & BenShakhar, 2016, 2017).
The CIT was introduced by David Lykken, who reasoned that physiological
response should be used not to detect lying in itself, but rather to verify the presence
or absence of crime-related details in the memory of the suspect. In the first study
(Lykken, 1959), 49 participants were randomly assigned to commit mock crimes or
remain innocent. In the subsequent examination, all participants were asked questions
targeting intimate details of the crimes, that would only be familiar to those actually
involved. Using the SCR to detect possible recognition, only guilty participants were
expected to respond differently to the critical items compared to the control items. The
high classification rate (nearly 95%), provided initial evidence for the validity of the
CIT. A recent meta-analysis (Meijer, klein Selle, Elber, & Ben-Shakhar, 2014) supports
the validity of multiple physiological measures to correctly detect both presence or
absence of intimate crime knowledge, showing large effects for the SCR, HR, and RLL
measures (Cohen’s d of 1.55, 0.89 and 1.11, respectively).
In the current study, we extended existing literature by examining whether the
CIT can be applied to the field of confession – more specifically, whether memory
detection could additionally be a forensic tool to distinguish true from false
confessions. We used an adapted version of the cheating paradigm (see also Russano,
Meissner, Narchet, & Kassin, 2005) in which participants were paired with a research
confederate and faced with various problem-solving tasks of which some had to be
solved individually, while others as a pair. During the trivia quiz that was to be solved
in an individual manner, the research confederate actively sought help from the
participant. Participants who broke the experimental rules by assisting the confederate
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were thus guilty of cheating; those who solved the task alone were deemed innocent.
Either way, all participants were accused of cheating and interrogated by the
experimenter in an accusatory manner. Both true and false confessors were examined
using the CIT, to verify whether they show recognition of the answers that were
cheated on (see Figure 1). We expected that true confessors would exhibit
physiological responses to the critical items in comparison to control items, while false
confessors would show similar responding to all items, indicating non-recognition.

METHOD
Ethical approval was obtained from the Ethic Review Board of the University of
Amsterdam and archived under number 2018-CP-9071. All participants provided
written informed consent before taking part in the study, stating that study
participation was voluntary and the experiment could be terminated at any time
without consequences. The preregistration form, task scripts, data and other materials
are publicly available on https://osf.io/9dk5g/.

Participants
Participants were recruited through a university portal and received course
credits or a monetary compensation. Participants in the study were required to be
fluent in Dutch and between the age of 18 and 40. The sample consisted of 83
individuals (79.5% female), and were on average 21.86 years old (SDage = 3.73, range
from 18-38).
In the current paradigm, a confederate requested participants to help with two
trivia questions while the pair was instructed to solve them individually. Based upon
their performance on the trivia quiz with the confederate, the participants were
classified as guilty (i.e., those helping the confederate and thereby violating the
experimental rule), or innocents (i.e., those who refused to help the confederate and
worked independently during the individual tasks). Twenty-two participants were
excluded due to several reasons: eighteen participants only helped the confederate
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with only one of the two cheating questions; two participants initially agreed to assist
the confederate, but later declined (due to knowledge contamination, these
participants were also excluded from analyses); and two participants exercised their
right to withdraw participation and their experimental session was immediately
terminated and data were excluded from analyses.
The remaining sample consisted of 28 individuals who were guilty of helping
the confederate and thereby breaking the experimental rule (Mage = 21.68, SDage = 4.26),
and 33 innocents (Mage = 21.73, SDage = 3.45). Regardless of their actual cheating
behavior, all participants were accused of cheating and interrogated by the
experimenter. Each of the 28 participants who cheated on the individual task admitted
the transgression and confessed (i.e., true confessors). Of the 33 innocents, 13
participants denied helping the confederate (39.4%; i.e., true deniers; Mage = 23.08, SDage
= 3.66) and twenty participants gave a coerced false confession (60.6%; i.e., false
confessors; Mage = 20.85, SDage = 3.08). Our preregistered comparison of interest
concerns the contrast between the 28 true confessors versus the 20 false confessors.
There were no significant differences between true and false confessors in age, t(46) =
0.74, p = .462, d = 0.22, 95% CI [-0.36; 0.79], BF01 = 2.75, or gender, X2 (1) = 0.87, p = .351,

6

jc = 0.14, BF01 = 1.78.
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Figure 1. Representation of the conditions of the experiment. Please note that 22
participants were excluded from analyses due to the reasons described. All
participants, irrespective of cheating and confession behavior were thoroughly
debriefed. The comparison of interest concerns the CIT-scores of the true confessors
and the false confessors.

Procedure
Participants were recruited for research on the influence of personality on
problem-solving, disguising the true aim of the experiment. The experiment was
divided into five distinct parts: personality questionnaires (for exploratory analyses),
problem-solving assignments (allowing to engage in rule-breaking behavior), the
interrogation (aimed at eliciting a confession), the CIT (to investigate distinguishing
true from false confessions) and an elaborate debriefing.
Personality questionnaires. Before participating in the study, participants
received the link to an online form to complete the 60-item HEXACO Personality
Inventory Revised (60-HEXACO-PI-R; Ashton & Lee, 2009) and the Gudjonsson
Compliance Scale (GCS; Gudjonsson, 1989), followed by demographical information
on age, gender, and field of study. At least seven days from completing the online
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personality questionnaires, participants were invited to the experimental session in the
lab. Exploratory analyses using these measures are provided in online appendix A.
Problem-solving assignments. Upon arrival, participants were met by two
female research assistants who alternated the roles of experimenter and confederate
posing as another participant. Participants were asked to leave all personal belongings
in the adjacent room and wash their hands in preparation of the physiological
measurements in a later stage of the study. Then, the pair was escorted into a small
testing room with blinded windows, asked to read the information brochure, and sign
the informed consent.
Generally following the paradigm designed by Russano et al. (2005), the
experimenter provided participants with a booklet including three individual
problem-solving assignments followed by three group tasks. The experimenter
instructed that it was important for the results to comply with the instructions on
whether the assignment should be solved individually or in pairs, thereby implying
that cooperating on the individual tasks was not allowed. After instructing
participants to set a timer with an alarm after five minutes on the computer for each
of the six tasks, the experimenter left the room, and the participants started with the
problem-solving booklet.
During the last individual task, the confederate feigned difficulties with
answering the presented trivia quiz questions. After approximately three minutes, the
confederate asked whether the participant would be willing to help answering two
questions, although they were probably not allowed to work together. When the
participant agreed to help – and thereby broke the experimental rule – the confederate
showed her booklet to the participant and asked for the correct answer to the critical
questions (i.e., ‘Which social media logo is shown here?’ and ‘Which continent hosted
the Winter Olympics this year?’ ). If the participant declined helping the confederate
after a second request, the confederate did not attempt to seek further information
from the participant. As the trivia questions differed between the booklet of the
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participants and confederate, participants were only exposed to the critical questions
by cheating.
After participants finished all problem-solving tasks, or after the final timer, the
experimenter returned to the room and collected the booklets in order to review
correctness of the answers. In fact, the experimenter did not check the answers at this
stage, as to remain blind on whether participants had actually cheated. After roughly
two minutes, the experimenter returned to the participants and said that she wanted
to talk to both participants separately, starting with the confederate. In the meantime,
the participants waited alone for five minutes in the small experimental room.
Interrogation. The interrogation protocol and physical layout of the room were
conducted following the guidelines recommended by Inbau, Reid, Buckley, and Jayne
(2013). The protocol was designed by the first author, who completed training and is
certified in the Reid Technique. While the confederate remained in the adjacent room,
participants sat in the small experimental room, equipped with two chairs, a desk, and
bare walls. The participant was always seated in the far corner of the room, so that the
experimenter sat between the participant and the door during the interrogation.
The experimenter – blind of actual cheating behavior – entered the room and
directly accused the participant of not following instructions by working together on
an individual task. The experimenter stated that the cheating behavior posed a
problem as the data was supposed to be published in a scientific journal. Lastly, the
experimenter said that she should probably inform her supervisor about this problem
but was reluctant to do so as this would bear unknown consequences. The
experimenter then sat down next to the participant and adopted a more open attitude
to offer the deal. She pretended to have come up with a possible solution, in which the
participant would make a new appointment to re-do the experiment with a new
partner. This way, the data of the current session could be overwritten and the
supervisor did not have to be alerted. Participants were informed that they would
receive participation credits after the new appointment. While holding this
monologue, the experimenter wrote down a confession statement to be signed by the
152

Memory detection as a forensic tool to evaluate the veracity of a confession

participant who accepted the deal. During the entire interrogation phase, participants’
objection and denials were interrupted. Minimization techniques were also actively
deployed to elicit a confession, specifically targeting prosocial behavior and absence
of malicious intent (e.g., “I would also help another person if they would ask me to”
and “I am sure you didn’t know that it would influence the results”). When these
tactics did not result in a signed confession, the experimenter pretended to look for the
supervisor and returned to the participant stating that the supervisor was lecturing for
30 more minutes. If the participant expressed the desire to wait for the supervisor (and
did not confess), the experimenter aborted the interrogation and continued to the CIT.
CIT. In this part of the study, the experimenter attached the respiration belts as
well as the skin conductance and heart rate electrodes and conducted the full CIT
procedure (due to hardware failure, the RLL signal could not be analyzed and is not
reported). Participants were told that they were suspected of cheating and instructed
to prove their innocence in the subsequent polygraph test. To mimic the situation in
which an unknowledgeable outcome would be favorable for the suspect, we offered
participants a €5 (or an equivalent in participation credits) incentive for successful
concealment of their knowledge of the correct answers. The bonus was paid to all
participants regardless of their actual CIT results.
Following an initial rest period of two minutes after attachment of the
electrodes, participants were presented with the CIT questions (i.e., ‘Which social
media logo was the subject of cheating?’ and ‘Which continent was the subject of
cheating?’). The two different questions the participants possibly cheated on during
the trivia quiz were presented both pictorially and verbally (see Figure 2 and online
Appendix B for items) and were asked to respond with a verbal “no” to each
alternative. The order of the questions and their answering alternatives were randomly
determined. In total, all questions were repeated twice, with a short break between the
two blocks to maintain participant’s attention. The questions and the alternative
answers were presented both verbally through headphones and visually on the
computer screen. The audio files were pre-recorded by a third party who was blind to
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the procedure. The question remained on the screen for 10 seconds, followed by the
answering alternatives that were presented for 5 seconds each, with a mean interstimulus interval of 18 seconds (range 16-20). Between stimulus presentation, a
fixation-cross appeared on the screen to maintain the attention of the participant.
The first answering alternative following the question was always a buffer item
designed to absorb the initial OR. Subsequently, the critical item, four control items
and a single catch item were presented in a random order. Catch items were included
in the CIT to ensure the participants’ attention to all presented items. Upon identifying
the catch item amongst the presented alternatives, participants were instructed to
repeat this specific item verbally. In the current CIT, the catch items consisted of
random numbers ranging from 1-10, either written in words or in a pictorial format.
Besides from repeating the catch items, participants were instructed to respond to all
other items with a verbal “no”. Altogether, participants were presented with two
blocks of four questions, each consisting of seven items (i.e., 1 buffer, 1 critical, 4
control and 1 catch item), totaling 56 items. For a visual representation of the CIT, see
Figure 2.
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Figure 2. Visual representation of the course of example CIT questions. Participants
were asked to respond with a verbal “no” to each alternative. Upon identifying the
catch item (e.g., eight) amongst the presented alternatives, participants were instructed
to repeat this number verbally. The CIT-score is calculated by comparing the
physiological responses of the critical items (e.g., Asia) to the control items (e.g., SouthAmerica, North-America, Africa, and Antarctica).

After the CIT, the participants performed an autobiographical Implicit
Association Test (aIAT; Sartori, Agosta, Zogmaister, Ferrara, & Castiello, 2008) for
exploratory research purposes (results not reported here). Recall and recognition
memory tests were administered to examine whether participants correctly
remembered the critical items from the trivia quiz. First, the two quiz questions for
which the confederate asked the participant for help were sequentially presented on
the computer screen with a text balloon in which participants could freely enter the
answer. All participants were informed of the option to enter ‘I don’t know’. Answers
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were coded as either correct (1) or incorrect (0), leading to a total possible score of 2,
reflecting perfect recall. Then, both cheating questions were counterbalanced to be
depicted twice in a forced-choice format, with five answer options (i.e., the critical and
four control items) being presented once in words and once with pictures. Participants
were asked to select the most appropriate option if they did not know the correct
answer. Answers were coded as either correct (1) or incorrect (0), leading to a
recognition scoring range from 0-4. Then, participants rated their general experience
of being accused of cheating on a 7-point Likert scale ranging from 1 (very negative) to
7 (very positive). Also, they were asked to rate the amount of stress they had
experienced during the interrogation, on a 7-point Likert scale ranging from 1 (not at
all stressful) to 7 (very stressful). Then, participants rated six questions designed to assess
their motivational state on a 5-point Likert scale. This questionnaire measured how
well participants were able to focus on the screen during the CIT, how involved they
were in the study, and how much they tried to avoid detection and appear innocent
on the CIT. Finally, participants rated their effort to suppress or raise their
physiological responses during the test, and freely elaborated on whether they had
used strategies to avoid detection.
Debriefing. All participants were asked what they thought the study was
about. From there, the experimenter fully described the procedure and the true nature
of the study. The act of misleading the participants to reach the goal of the study was
explicitly mentioned and explained. Participants were told that the set-up of the study
was specifically designed to aid cheating behavior, adding that cheating was an
admirable prosocial act in this case. Furthermore, participants were informed that no
consequences would follow and that the supervisor was in fact not alerted. Also, the
risk and dangers of falsely confessing to an act not committed were explicitly
discussed with participants. Participants received an extensive written debriefing,
explaining the relevance of the study and how minimizing interrogation techniques
may lead to wrongful convictions. At last, participants were asked not to discuss the
real aim or procedure of the study with others.
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Data acquisition and reduction
The experiment was conducted in an air-conditioned laboratory. Stimulus
presentation

was

Neurobehavioral

performed

using

Systems,

Inc.,

Presentation®
Berkeley,

software
CA,

(Version

18.0,

www.neurobs.com).

Psychophysiological responses were measured and recorded with Vsrrp89 software,
developed by the Technical Support Social and Behavioral Sciences at the University
of Amsterdam.
Electrodermal activity was recorded with an amplifier using a 50Hz, sineshaped excitation voltage with an amplitude of 1Vpp. Two curved-shape sintered
silver-silver chloride (Ag/AgCl) electrodes (20x16 mm) were connected to the palmar
surface of the distal phalanges of the left index and left ring finger with adhesive tape.
The Skin Conductance Response (SCR) was measured from 1 second to 5 seconds after
stimulus onset and defined as the maximal increase in conductance during this time
window.
The ECG measure was acquired by placing a set of three Ag/AgCl electrodes
(3MTM Red DotTM disposables, type 2249-50) in a standard Einthoven lead-II
configuration: one electrode attached near the distal end of the left collarbone, one
electrode placed near the distal end of the right collarbone, and one electrode placed
on the left lateral base of the chest. Prior to analysis, the inter-beat intervals were
converted to Heart Rate (HR) in beats per minute (bpm) per real-time epoch (1 second).
The 15 second-by-second post-stimulus HR values were baseline-corrected by
subtracting the average pre-stimulus baseline HR value (mean HR in the three seconds
preceding stimulus onset), resulting in 15 post-stimulus difference scores (∆HR). The
average of these 15 scores was used as the HR deceleration dependent measure.
CIT-scores

were

calculated

as

individual

Z-scores,

reflecting

psychophysiological responses to the relevant item compared to the neutral items,
computed within each block, separately for the three measures. These CIT-scores are
calculated by subtracting the mean response across all items from the response to the
critical items, divided by the respective standard deviation (see Ben-Shakhar & Elaad,
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2002; Elaad & Ben-Shakhar, 1997). Buffer and catch items were not included in the
standardization procedure (see klein Selle et al., 2016, 2017). For each participant and
for both physiological measures, the CIT-score was created by averaging the respective
Z-scores of all critical items. Since recognition of the critical item results in heart rate
deceleration, HR CIT-scores are multiplied by -1 prior to analysis. Therefore, for both
SCR and HR, a positive CIT-score is indicative of concealed information.
Exclusion criteria. On participant level, physiological data was eliminated from
analyses when anomalies occurred (for HR, n = 1). For exclusions on trial level, for each
of the dependent measures, item-specific responses were removed if the standardized
score was smaller than -5 or larger than 5, reflecting outliers. When a movement
coincided with a positive standardized score (for SCR) or a positive standardized score
larger than 2 or lower than -2 (for HR), the item was discarded from analyses (see also
Geven, klein Selle, Ben-Shakhar, Kindt, & Verschuere, 2018).
Further exclusions on response level were performed when participants
showed a standard deviation of the raw SCR scores below 0.01 during the presentation
of a block (i.e., 4 questions). In these cases, all SCR measurements from that block were
discarded from further analyses due to non-responsiveness. Following these exclusion
criteria, 96% of the SCR and 97% of the HR data were included in the analyses.

RESULTS
All analyses used an alpha level of .05. Effect sizes for the independent samples t-tests
are reported using Cohen’s d. As a rule of thumb, Cohen (1988) proposed 0.20, 0.50,
and 0.80 as thresholds for “small”, “moderate”, and “large” effects for d values.
In addition, JZS Bayes factors (BF) were computed using JASP software version
0.8.4 (JASP team, 2018), representing numerical values quantifying the odds ratio
between the null and the alternative hypothesis given the data. BF01 annotates how
much more likely the data are under the null as compared to the alternative
hypothesis, and BF10 annotates how much more likely the data are under the
alternative as compared to the null hypothesis. For one-tailed testing, Bayes factors are
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reported as either predicting the null (BF0+) or the alternative hypothesis (BF+0). JZS
prior with scaling factor r = 1.000 was used for the alternative hypothesis (see Rouder,
Speckman, Sun, Morey, & Iverson, 2009). Using Jeffreys’ (1961) criteria, a BF larger
than 3, 10, and 100 is taken as substantial, strong, and decisive evidence for the
respective hypothesis. It should be noted that values close to 1 fail to support either
hypotheses, and that Bayes Factors represent a relative comparison of one hypothesis
over the other but that both could be false.

Confirmatory analyses
True versus false confessions. It was expected that true confessors, but not false
confessors, display physiological evidence of recognizing intimate details of the
transgression in the CIT. We quantified the mean detection score such that positive
CIT-scores provide physiological evidence of recognition. Therefore, it was expected
that for both physiological measures the CIT-score to the critical items will be
significantly higher for true confessors compared to false confessors. This was
analyzed with a one-tailed independent-samples t-test with Condition as the grouping
variable and the CIT-score as the dependent measure. Figure 3 shows the SCR and HR

6

CIT-scores for false confessors and true confessors.

Figure 3. Mean CIT-scores for true and false confessors. Error bars represent standard
errors.
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For the SCR, a significantly higher CIT-score was revealed for true confessors
(M = 0.75, SD = 0.43) than for false confessors (M = -0.01, SD = 0.36), t(46) = 6.41, p <
.001, d = 1.88, 95% CI [1.18; 2.56], BF+0 = 352863. For HR, true confessors (M = 0.43, SD
= 0.38) showed a higher CIT-score than false confessors (M = 0.07, SD = 0.36), t(45) =
3.35, p < .001, d = 1.00, 95% CI [0.37; 1.61], BF+0 = 41.18.
Within each of the two conditions, we investigated whether participants
exhibited significantly larger responses to the critical item compared to the control
items (i.e., CIT-score > 0). For this purpose, a one-tailed one-sample t-test was
conducted for true confessors and a two-tailed one-sample t-test for false confessors.
We expected that a CIT-score significantly larger than zero will be observed for true
confessors, reflecting recognition, whereas the response to the critical items should not
differ from the control items among false confessors.
For SCR, true confessors indeed showed a mean Z-score significantly larger
than 0, t(27) = 9.11, p < .001, d = 1.72, 95% CI [1.22; ∞], BF+0 = 2.75e+7. For the false
confessors the mean Z-score did not significantly differ from zero, t(19) = -0.15, p = .883,
d = -0.03, 95% CI [-0.47; 0.41]. Bayesian analysis showed substantial evidence for the
null hypothesis in false confessors, BF01 = 5.80.
For HR, true confessors showed a mean Z-score significantly larger than 0, t(27)
= 6.08, p < .001, d = 1.15, 95% CI [0.74; ∞], BF+0 = 23371. For the false confessors the mean
Z-score did not significantly differ from zero, t(18) = 0.79, p = .442, d = 0.18, 95% CI [0.28; 0.63]. Bayesian analysis showed substantial evidence for the null hypothesis in
false confessors, BF01 = 4.27.
Individual detection accuracy. To analyze the detection efficiency of classifying
participants as true or false confessors, we compared the distribution of the CIT-scores
for both groups. Receiver operation characteristics (ROC) curves were constructed for
each physiological measure separately, depicting the true positive rate versus the
false-positive rate for every possible classification threshold. As an outcome measure,
we computed the area under the curve (a) using the mean CIT-score as the dependent
variable and Condition as the state variable. This way, the accuracy of the CIT to
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classify true confessors and false confessors was calculated. The value of the area
under the curve varies between 0 and 1, with a value of 0.5 representing classification
at chance level and a value of 1 reflecting perfect accuracy in separating true from false
confessors based on their physiological responding. For all three physiological
measures, the ROC is expected to be significantly above chance level, inferred when
the lower boundary of the 95% confidence interval is higher than chance (i.e., a value
of 0.50).
For SCR, the analysis revealed that detection efficiency was significantly larger
than chance classification, with a = 0.90 [0.81; 0.99]. For HR, the analysis revealed that
detection efficiency was significantly larger than chance classification, with a = 0.77
[0.63; 0.90].

Exploratory analyses
Memory. All but one of the true confessors recalled both correct answers of the
quiz (M = 1.96, SD = 0.19); none of the false confessors was able to do so (M = 0.00, SD
= 0.00). No statistical analyses could therefore be conducted. Among true confessors,
100% correctly chose all trivia answers in a recognition task. In contrast, only four false
confessors choose the correct answer ‘Snapchat’ and three false confessors correctly
picked ‘Asia’. A one-tailed independent samples t-test revealed that true confessors
(M = 3.96, SD = 0.19) had a significantly higher recognition rate than false confessors
(M = 0.65, SD = 1.14), t(19.75) = 12.91, p < .001, d = 4.08, 95% CI [2.66; ∞], BF+0 = 3.56e+16.
Motivation. Two-tailed independent-samples t-tests revealed that true
confessors (M = 4.21, SD = 1.03) reported significantly more motivation to avoid
detection compared to false confessors (M = 2.50, SD = 1.67; t(29.23) = 4.07, p < .001, d =
1.24, 95% CI [0.53; 1.83], BF10 = 316.33). Regarding countermeasures, true confessors
reported significantly more effort to suppress (M = 3.89, SD = 0.99) and enhance (M =
2.64, SD = 1.28) physiological reactions during the test compared to false confessors (M
= 2.45, SD = 1.28; t(46) = 4.40, p < .001, d = 1.29, 95% CI [0.65; 1.91], BF10 = 325.18 and M
= 1.70, SD = 1.03; t(46) = 2.72, p = .009, d = 0.80, 95% CI [0.20; 1.39], BF10 = 5.17,
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respectively). No significant differences were found between true and false confessors
in the reported focus on the computer screen during the CIT, t(46) = 0.91, p = .370, d =
0.27, 95% CI [-0.31; 0.84], BF01 = 2.47, general involvement in the study, t(46) = -0.29, p
= .775, d = -0.08, 95% CI [-0.66; 0.49], BF01 = 3.33, or memory for the answers of the trivia
quiz, t(45.04) = 1.77, p = .084, d = 0.51, 95% CI [-0.07; 1.10], BF01 = 1.07.
Stress. Two-tailed independent-samples t-tests revealed that false confessors
(M = 2.70, SD = 0.92) reported a significantly more negative experience than true
confessors (M = 3.71, SD = 1.12), t(46) = 3.33, p = .002, d = 0.97, 95% CI [0.36; 1.58], BF10 =
19.71. Two-tailed independent-samples t-tests revealed no significant differences
between true and false confessors (M = 3.57, SD = 1.64 and M = 4.10, SD = 1.71,
respectively) in the reported stress experienced during the interrogation, t(46) = -1.08,
p = .286, d = -0.32, 95% CI [-0.89; 0.26], BF01 = 2.15. Two-tailed independent-samples ttests revealed no significant differences between false confessors and true deniers
regarding their experience, t(31) = -0.17, p = .863, d = -0.06, 95% CI [-0.76; 0.64], BF01 =
2.92 and stress during the interrogation, t(31) = -0.94, p = .353, d = -0.34, 95% CI [-1.04;
0.37], BF01 = 2.11.

DISCUSSION
In the current study, we examined the potential of the CIT as a forensic tool to evaluate
the veracity of confessions. The CIT uses physiological measures to verify whether the
suspect recognizes critical details derived from the crime scene investigation, that
would be known to the perpetrator. As a consequence, innocent suspects should not
show physiological signs of recognition, thereby making the CIT an instrument to
falsify confessions. The CIT produced large effects, d = 1.88, for the oldest and most
often used measure in CIT research (SCR). This means that true confessors, but not
false confessors, displayed physiological changes that are associated with intimate
knowledge of the experimental transgression. The results indicate that there is a 91%
chance that a true confessor will have a higher SCR score than a person randomly
picked from the false confessors. Given that false confessions are hard to recognize,
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yet can have enormous consequences, it is very promising that in this proof-ofprinciple study the CIT could verify the veracity of a confession.
The success of this laboratory study raises the question whether the CIT can and
should be used in the forensic field to falsify confessions. A key challenge for the
application of the CIT in real life investigative interviews is the fact that false
confessions often contain information that is presumed to represent the perpetrator’s
knowledge of the crime (Garrett, 2010, 2015). Yet in a sample of 66 false confessions in
DNA exoneration cases in the United States, the vast majority of false confessions
contained details about the crime that were both accurate and not in the public domain
(Garrett, 2015). In these instances, the presence of these details indicates that police
had contaminated the process of interrogation by communicating information,
providing secondhand guilty knowledge to otherwise innocent suspects (for an
example, see Trainum, 2014).
It is critical to remind that the CIT assesses recognition of crime scene
information, not guilt (Ogawa, Matsuda, Tsuneoka, & Verschuere, 2015). Results of
several studies have revealed that the mere presence of knowledge suffices to elicit a
CIT-effect, irrespective of the source of the memory (e.g., Bradley, Barefoot, &
Arsenault, 2011). In a mock-crime study, Bradley and Rettinger (1992) split
participants into three groups in which the origin of critical information was
manipulated. Participants who had committed a mock crime could be clearly
separated from innocents. Yet, those who were informed of the critical details without
actually committing the act showed a larger CIT-effect in comparison to innocents.
While informed innocents could still be distinguished from guilty participants on a
group level, individual classification on a case-to-case basis remains challenging. If no
procedures are in place to prevent or observe the process of contamination, such as
videotaping interrogations to document the original source of each detail appearing in
the confession, innocents might be classified as knowledgeable in the CIT.
Under what conditions, then, may the CIT be still of use to evaluate the veracity
of confessions? Only when investigators withhold detailed crime scene information
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during an investigation so that the suspect’s recognition of intimate details as revealed
by the CIT would have high evidential value (Osugi, 2011). If partial contamination is
suspected, examiners could still use the non-contaminated details or ask more detailed
questions (see also Osugi, 2018). Consider the case of Brendan Dassey, in which
investigators asked leading and highly suggestive questions about what had
happened to the victim’s head (Ricciardi & Demos, 2015). After several incorrect
guesses, the detective revealed to Dassey that the victim was shot. In a subsequent CIT,
questions could still be asked about the number of shots, as well as the specific firearm
used. Initial findings regarding this matter reveal promising results, showing that
probing for more specific exemplar-level details (e.g., revolver) as compared to
possibly contaminated broader information (e.g., firearm) might reduce the risk that
contamination negatively affects CIT classification (Geven, Ben-Shakhar, Kindt, &
Verschuere, 2019).
Moreover, using pictorial items enlarges the flexibility of the CIT (Lykken, 1998)
and has been previously found suitable to detect concealed information (Ambach,
Bursch, Stark, & Vaitl, 2010; Seymour & Kerlin, 2008). The presentation of pictorial
items at the exemplar level, in contrast to written words, may therefore provide a
safeguard for contaminated innocents. However, critical items may be less discernible
from control items at an exemplar level than categorical details (Osugi, 2018) and
further research has to specifically validate the use of visual exemplar-level details.

Limitations and future directions
This study is not without its limitations. First, in the current paradigm, the
transgression consisted of participants helping a confederate on a task that should
have been solved individually. Questions can be raised about the generalizability of a
CIT regarding a minor, provoked transgression compared to high-stake serious
offenses. Moreover, it should be noted that the transgression in the current paradigm
was a prosocial act, not an antisocial act, as it was the confederate who initiated the
cheating.
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Second, the cover story was mainly held up for the first three parts of the
experiment; the personality questionnaires, problem-solving tasks, and – most
importantly – the accusation and subsequent confession. For the final part of the
experiment, all participants were informed that a deception detection test would be
used to indicate whether they had cheated during the trivia quiz. This information did
therefore not influence the decision to confess but was designed to ensure all
participants responded with a verbal “no” upon stimulus presentation in the CIT. As
guilty suspects are usually intrinsically motivated to conceal critical information,
participants were explicitly instructed and incentivized to conceal their possible
knowledge. For future research, participants could be instructed to verbally repeat all
alternatives as this ensures active stimulus processing without explicit deception.
However, as factors such as stress (Verschuere, Meijer, & de Clercq, 2011) or intent to
deceive (Geven, Ben-Shakhar, Kindt, & Verschuere, 2018; Geven, klein Selle et al.,
2018) do not seem to influence CIT validity, not maintaining the cover story is not
expected to have impacted the CIT results in the current paradigm.
Third, while we tested a student sample and investigated situational factors
used manipulated to obtain confessions, we did not consider the impact of
dispositional characteristics that might render some suspects particularly vulnerable
(Appelbaum & Appelbaum, 1994; Clare, & Gudjonsson, 1995; Gross, Jacoby,
Matheson, Montgomery, & Patil, 2005; Kassin, Perillo, Appleby, & Kukucka, 2015). In
the sample of 66 DNA exoneration cases investigated by Garrett (2015), more than a
third of the confessions were obtained from juveniles, and 22 exonerees had a
diagnosed intellectual disability or mental illness. Previous research suggests that the
CIT can be reliably used in a juvenile (Visu-Petra, Jurje, Ciornei, & Visu-Petra, 2016) or
prison sample (Suchotzki, Kakavand, & Gamer, 2018). Besides improving special
procedures for interviewing vulnerable suspects, it should also be further investigated
whether the CIT procedure would be suitable with other vulnerable suspects.
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CONCLUSIONS
An admission of guilt is considered the most probative evidence at trial that by itself
increases the chance of a conviction (Leo & Ofshe, 1998). In light of the number of
wrongful convictions in which false confessions were a contributing factor, it is of
utmost importance to verify whether the confessor is factually guilty of the crime or
gave a false incriminating statement. However, it can be a challenging task to reliably
differentiate between true and false confessions in the criminal justice system. The
current results reveal a promising new application of the CIT as a forensic instrument
to distinguish true from false confessions. By verifying the presence of crime-related
knowledge, confessing cheaters could be meaningfully distinguished from innocent,
false confessors. Important restrictions with regards to the contamination of suspects
in the field must be considered, but we point to possible usage of the CIT under specific
circumstances.
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Exactly 60 years ago, the Concealed Information Test (CIT) was introduced by David
Lykken. As a critic of the polygraph, he argued that physiological responses should
not be used to detect lies, but rather to verify the presence or absence of intimate crime
knowledge. The very first study on the effectiveness of the skin conductance measure
to detect “guilty knowledge” (Lykken, 1959) revealed initial evidence for the validity
of memory detection. Guilty participants could be identified and discriminated from
innocent participants upon comparison of their physiological responses elicited to
critical, crime-related items and control items.
In the half-century that followed, the criterion validity of autonomic nervous
system (ANS) measures such as skin conductance (SCR), heart rate (HR), and
respiration (RLL), as well as behavioral measures such as reaction times (RTs) has been
thoroughly investigated (see Meijer, klein Selle, Elber, & Ben-Shakhar, 2014; Suchotzki,
Verschuere, van Bockstaele, Ben-Shakhar, & Crombez, 2017). Although the underlying
theory and contributing mechanisms have become clearer in recent years (see klein
Selle, Verschuere, Kindt, Meijer, & Ben-Shakhar, 2016), several important questions
regarding the external validity of the CIT have so far remained unanswered.
These studies presented in this dissertation thereby seek to further bridge the
gap between research and practice. It was investigated whether factors that are
expected to be at play in real life (e.g., deliberate rather than instructed deception,
information contamination, and memory deterioration over time) impact the accuracy
of memory detection. Moreover, a new application of the CIT is introduced that may
extend the scope of the CIT in criminal investigations.

SUMMARY OF MAIN FINDINGS
In the first part of this dissertation the external validity of memory detection
experiments was explored by extending the traditional research paradigm involving
explicitly instructed deception to a new, ecologically more valid alternative.
Specifically, we investigated the influence of deliberate intent to commit a wrongful
or criminal act on the detection accuracy of the CIT. Commonly in laboratory
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experiments, participants are explicitly instructed to commit a staged crime for the
sake of the study. As true deception is typically voluntary (Vrij, 2004) and obviously
comes without forewarning or instructions on when to deceive (Sip, Roepstorff, &
Frith, 2008), an often-heard critique of the mock-crime paradigm is that it lacks
ecological validity.
For Chapter 2 and Chapter 3, a new paradigm was developed involving selfinitiated cheating: participants solved a ten-item trivia quiz and were promised an
incentive for successfully answering all questions. Unbeknownst to the participants,
the quiz was constructed in a way that it would be almost impossible to solve the final
two questions without external help. The design therefore resulted in cheaters (i.e.,
those given opportunity to cheat and answered both cheating-evoking questions
correctly) and fair players (i.e., those given opportunity to cheat and answered neither
of the two cheating-evoking questions correctly). Additionally, a condition of
instructed cheaters was included to mimic the typical set-up of laboratory CIT studies.
In Chapter 2 the cognitive signature of lying was extended from instructed to
self-initiated cheating in an online experiment using RTs. The RTs served as an
accurate indicator for (increased inhibition associated with) deception, with no
differences emerging between cheating initiated by the participants or instructed
cheating. In Chapter 3 we conceptually replicated the online cheating study by
measuring various psychophysiological measures in a laboratory setting. Extending
the scope of CIT research, robust effects were found for self-initiated cheating: a
significant increase in SCR was followed by a HR deceleration and respiratory
suppression upon presentation of the items participants cheated on. All three
physiological measures indicated that the CIT was similarly effective in detecting
knowledge of instructed and self-initiated cheating, demonstrating the validity of the
CIT beyond artificial deception.
The second part of this dissertation focused on the link between a perpetrators’
memory and the level of detail of the CIT question required to reach an optimal
balance between sensitivity and specificity. The CIT is a test of memory rather than
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guilt: the mere presence of knowledge – irrespective of the original source – suffices to
elicit a CIT-effect (e.g., Bradley, Barefoot, & Arsenault, 2011). Revealing crime-scene
information to innocent suspects may therefore impede discernment of true culprits.
A possible solution to this issue would be to ask for information on a highly detailed
exemplar level, as in many cases information may be leaked at the category level (e.g.,
the victim was stabbed). Yet, the use of exemplar-level details raises questions
regarding item distinguishability and forgetting: can the guilty suspect accurately
distinguish – and hence respond to – specific types of knives? The optimal item level
for memory detection had not been systematically examined before and remained
elusive.
In Chapter 4 and Chapter 5, participants planned a fictitious bank robbery,
where they were presented with crime details at the categorical level (e.g., you flee the
crime scene by car) or at the exemplar level (e.g., you flee the crime scene with a
Citroën). In the CIT, items were presented at the same abstractness level as during the
encoding phase (either categorical or exemplar), or at the incongruent abstractness
level (e.g., encoded Citroën, tested car). While some participants immediately
completed the CIT, the test was administered to other participants after a 1-week
delay. This crossed design therefore aimed to investigate at what level items should
be presented in the CIT (categorical or exemplar) and whether detection efficiency
depends on initial encoding (categorical or exemplar).
In Chapter 4 it was revealed that what constitutes a good CIT question depends
on the initial encoding of the crime scene. Validity was highest when there was a match
between how information was encoded and how it was tested. Similar detection
efficiency was revealed when encoding and testing were at the exemplar or category
level. Postponing the test for a week did not influence the results, yet this may be due
to the fact that recall remained near perfect after the time interval. Therefore, this result
should be taken with caution in respect of field validity.
In Chapter 5 we conceptually replicated the study described in Chapter 4, now
relying on psychophysiological measures. Similar to the RT results, validity was
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highest when the presented items in the CIT matched the encoding phase. Postponing
the test for a week did not influence the results and did not interact with the encoding
and testing factors, yet memory for the eight critical items again remained near perfect.
In both Chapter 4 and Chapter 5 we found that when information was learned
at the categorical level, no CIT-effects arose for exemplar-level items. This finding
thereby provides more support for the hypothesis that contaminated innocents may
be protected by using highly detailed items in the CIT. Yet, ceiling effects occurred for
memory performance in both studies, while one would typically expect more
forgetting for highly detailed items (Pansky & Koriat, 2004). Although these emerging
findings are potentially interesting, they should be taken with caution until the
detection efficiency of the (exemplar-level) CIT is further investigated under
conditions of a weaker memory performance.
In the third part of this dissertation it was investigated whether the scope of the
applicability of the CIT could be extended to verify confession evidence. It is hard to
fathom that individuals would confess to a crime they did not commit. Yet, DNAexonerations from 1989 onwards have shown hundreds of cases of wrongful
convictions due to eyewitness misidentifications, improper science, and false
confessions. Both laymen as trained investigators have difficulties differentiating
between true confessions from guilty suspects and false confessions from innocents
(Kassin, Meissner, & Norwick, 2005). Improper judgement regarding the veracity of a
confession has been shown to cause faulty interpretation of other evidence (Kassin,
Dror, & Kukucka, 2013; Marion, Kukucka, Collins, Kassin, & Burke, 2016). Therefore,
it is of utmost importance to objectively verify whether the confession has probative
value, or whether the suspect gave a false incriminating statement.
In Chapter 6 we investigated whether memory detection can be used to
accurately differentiate between truthful admissions of guilt and false confessions.
Participants were paired with a confederate and provided with a booklet including
three individual problem-solving assignments followed by three team tasks. While
they were informed that cooperation on the individual tasks was not allowed, the
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confederate feigned difficulties and asked the participant for help. Irrespective of
actual guilt, all participants were accused of cheating and interrogated by a blind
experimenter. Results indicate that true confessors, but not false confessors, displayed
physiological changes associated with intimate knowledge of the experimental
transgression.

THEORETICAL IMPLICATIONS
The five studies reported in this dissertation used either RTs or psychophysiological
measures to indicate the presence or absence of concealed information in examinees.
Recent findings have revealed that different measures tap into the different
mechanisms underlying memory detection. The orienting response (OR) – based on
physiological responses to new or significant stimuli – has been found to be influenced
mainly by the saliency of CIT items. As critical crime details are expected to be highly
salient to guilty suspects, OR theory has been used since the beginning of memory
detection to account for the differentiation between guilty and innocent suspects using
the SCR (Lykken, 1974; Verschuere, Crombez, de Clercq, & Koster, 2004). More
recently, CIT theory has been extended with the suggestion that deceleration in HR
and respiratory suppression reflects arousal inhibition (AI; klein Selle et al., 2016,
2017).
In the three chapters described in this dissertation using physiological measures
(e.g., Chapter 3, Chapter 5, and Chapter 6), this pattern – an initial OR followed by AI
– could be replicated. To illustrate, in Chapter 3, self-initiated and instructed cheaters
showed a significant increase in the SCR and a suppression of respiration by a
shortening of the RLL. Furthermore, after an initial peak due to overt responding (i.e.,
saying “no” to all items), a decrease in HR was found upon presentation of the critical
item when participants knew the correct answer (i.e., by cheating), in comparison to
when they were unknowledgeable (see Figure 1).
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Figure 1. HR change in beats per minute (bpm) combined for self-initiated and
instructed cheaters upon presentation of critical and control items for the two cheatingevoking questions (i.e., knowledgeable; upper panel) and the single innocence-check
question (i.e., unknowledgeable; lower panel).

Memory detection using the RT measure relies on response inhibition
(Verschuere, Crombez, Koster, van Bockstaele, & de Clercq, 2007). To illustrate,
participants in a study by Duran, Dale, and McNamara (2010) were requested to
answer questions by moving a videogame remote to either the truthful or deceitful
option on the screen. Tracking participants’ arm movements while answering
deceptively was reflected by an initial attraction to the truthful option, followed by an
increased deviation. Hence, lying took more time than telling the truth, due to
response competition between the truthful and deceitful answers. Concealing
information can therefore be measured using RTs (Suchotzki et al., 2017).
In the two chapters described in this dissertation using RTs (Chapter 2 and
Chapter 4), the data fit with the idea that the truth comes naturally and mental
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processes are necessary to actively suppress (i.e., inhibit) lies (Spence et al., 2001;
Verschuere, Spruyt, Meijer, & Otgaar, 2011). Indeed, it took significantly longer to
deny recognition of the critical item than to correctly discard the control items, while
no RT differences emerged when participants were unknowledgeable.

LABORATORY VERSUS FIELD
Until this date, memory detection has not found its entrance in legal systems beyond
Japan. Many countries – including Belgium, the United States, and Canada – continue
to use the Control Question Test (CQT) even though the scientific validity of this
method is seriously debated (Ben-Shakhar, 2002; Iacono & Ben-Shakhar, 2019; Lykken,
1974; National Research Council, 2003). While the field value of memory detection is
facilitated by insights from Japan (Matsuda, Ogawa, & Tsuneoka, 2019; Osugi, 2011,
2018), the validity of memory detection techniques outside of controlled laboratory
settings remains questioned.
The overall objective of the present dissertation was therefore to further bridge
the gap between laboratory research and field practice. The studies reported in this
dissertation directly aimed at answering important questions regarding the applied
validity of the CIT. Due to several problems that typically arise when conducting field
studies, we tackled these questions by manipulating relevant factors in a controlled
laboratory setting. In the subsequent paragraphs, strengths and limitations of the
current dissertation are discussed in light of differences between the laboratory
environment and field application, such as memory performance, motivation to avoid
detection, and individual classification accuracy.

Memory
In the field, there are various factors that could influence the way critical crime
details are stored and retrieved from memory. First, in a typical laboratory study, the
to be concealed information is often overlearned. The participant may be explained to
steal a certain object with written or oral instructions, then executes the mock theft,
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and is later reminded of the stolen object through further instructions. This artificial
focus on the critical details does not reflect natural encoding processes (Meixner &
Rosenfeld, 2014). A study conducted by Bradley, Malik, and Cullen (2011) illustrates
this issue: repeating the critical details in the instructions resulted in higher detection
scores in comparison to when participants committed the mock crime without such
instructions.
In Chapter 2, Chapter 3, and Chapter 6 of the current dissertation, we tried to
overcome the limitations associated with overlearned stimuli by using a naturalistic
encoding model. What these studies have in common is that critical items were
incidentally encoded and not overlearned for the purpose of the study. Moreover,
participants were unaware that a memory detection test would be administrated over
the course of the experiment. Participants thus encoded the critical details in a
naturalistic setting by merely answering various trivia questions in a set of distracting
filler tasks. It is encouraging to find CIT-effects for these incidentally acquired
memories (see also Meixner & Rosenfeld, 2014), given that real perpetrators are
unlikely to be undistractedly focused on singular crime details.
While not manipulated in the studies presented in this dissertation, there are
clearly additional factors that may further enhance encoding of the crime scene. For
example, it is suggested that stressful circumstances (Smeets, Otgaar, Candel, & Wolf,
2008) and events that trigger emotional responses (Sharot, Delgado, & Phelps, 2004),
such as committing a crime, may facilitate memory encoding. Indeed, emotional
arousal during a mock crime has been found to aid detection of concealed information
(Peth, Vossel, & Gamer, 2012). Enactment of events (e.g., actions physically performed
by a perpetrator during a crime) could be expected to further result in superior
memory encoding in comparison to artificial non-enacted events (Engelkamp, 1998).
While limited research exists on the enactment effect in the context of the CIT,
deliberate actions might increase memory performance and lead to improved
detection efficiency for realistic, self-initiated crimes.
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Moreover, retention of critical details derived from laboratory studies does
often not reflect the circumstances expected in the field. Usually, the CIT is
administered directly after participants commit a mock crime, while in the field a
longer interval is to be expected between a crime and the criminal investigation.
Typically, suspects are tested days, weeks, or even months after the crime (Elaad,
Ginton, & Jungman, 1992). To enhance external validity, half of the participant sample
described in Chapter 4 and Chapter 5 completed the CIT after a 1-week delay. In both
the immediate and delayed conditions, participants showed the critical CIT-effect,
with no effect of delay. Other studies have found reduced detection efficiency
specifically for less relevant, peripheral details when the CIT was administered after
one or two weeks (Gamer, Kosiol, & Vossel, 2010; Nahari & Ben-Shakhar, 2011). As
these studies were more ecologically valid (e.g., participants encountered the critical
items by executing the mock crime, in contrast to the overlearned stimuli used in our
two experiments; and natural variation in item centrality, in contrast to an equal
artificial focus on all critical items), it is imperative to further investigate effects of
memory deterioration over time. Specifically, regarding the appropriate level of
questioning (i.e., category or exemplar) in the CIT, as current findings reveal the
importance of matching the question to the original memory encoded at the crime
scene.
While initial findings presented in this dissertation suggest that questions asked
at the exemplar level are not inferior to categorical items, previous research revealed
slower forgetting curves for categorical information than for exemplar-level details
(Dorfman & Mandler, 1994). This suggests that specific details may be forgotten after
a time delay, while the gist remains. Similarly, we expected that after a time interval
memory for the categorically learned items would be superior to items learned at the
exemplar level, as the latter might have been forgotten or replaced by the categorical
instance (Pansky & Koriat, 2004). To illustrate, participants in an experiment by Pansky
and Koriat (2004) falsely reported categorical terms (e.g., car) instead of the originally
encoded exemplar (e.g., sports car), showing convergence effects after memory decay.
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These findings suggest that an exemplar-level CIT might be less valid after a longer
interval between the crime and the test. As ceiling effects occurred in both studies, it
is recommended to further investigate the detection efficiency of the (exemplar-level)
CIT when participants have weaker memory performance, for example due to more
naturalistic encoding (perhaps the cheating procedure described in this dissertation)
or after a longer time interval. This way, sensitivity and specificity can be validated
under more realistic circumstances.
Finally, human memory is malleable and complex. It does work not like a video
camera, recording everything that has happened during an event. For example, while
stressful circumstances – such as committing a crime – could facilitate memory
encoding, stress during retrieval – such as during a police investigation – may impair
memory performance (Smeets et al., 2008; for a review see Wolf, 2008). Moreover,
simulating amnesia to avoid detection (van Oorsouw & Merckelbach, 2004; Otgaar &
Baker, 2018) or post-event misinformation (Loftus, 1992) may weaken a perpetrators’
genuine memory for crime details. As such factors could influence detection efficiency
in the CIT, it is important to further integrate findings from fundamental memory
research to the field of memory detection.

Motivation to avoid detection and countermeasures
Another difference between the laboratory and the field is the expected
motivation to conceal information. We manipulated this factor in the studies described
in this dissertation by giving motivational instructions (e.g., “try to beat the test and
appear innocent”) and incentivizing participants with money or research credits. This
obviously does not mimic the field. Yet, what are the effects of motivation to conceal
information on memory detection?
Motivation to avoid detection may work in favor of the CIT. Research suggests
that enhanced motivation leads to an increased effect for the SCR measure (BenShakhar & Elaad, 2003; Meijer et al., 2014). Following the motivational impairment
hypothesis (DePaulo, Kirkendol, Tang, & O'Brien, 1988), attempts to deceive the test
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may result in enhanced responding to the critical items in comparison to the control
items. No increased CIT-effects were found for individuals explicitly motivated to
avoid detection for the RT measure specifically (Kleinberg & Verschuere, 2016;
Suchotzki et al., 2017; Suchotzki & Gamer, 2019). This may be due to the finding that
motivation also improves executive functioning (see e.g., Legault & Inzlicht, 2013),
thereby facilitating cognitively demanding tasks such as the RT-CIT (Suchotzki et al.,
2017).
Moreover, actual perpetrators are faced with negative consequences (e.g., an
arrest) in contrast to the positive reinforcements typically used in laboratory research
(e.g., a bonus). To more closely mirror these real-life consequences, laboratory
participants were informed about the administration of an unpleasant electrical
stimulation upon the detection of deception (Suchotzki & Gamer, 2019). The findings,
suggesting that higher stakes increased SCR responding and HR slowing, are
promising for implementation in the forensic field.
In the studies reported in Chapter 2 and Chapter 3, self-initiated, instructed
cheaters, and fair players revealed similarly high levels of self-reported motivation to
conceal information. At first sight, one might expect that actual guilt would increase
motivation to avoid detection, influencing orienting and inhibition processes. Yet, it
has to be noted that all participants were explicitly instructed to conceal possible
knowledge in the CIT. This instruction might have eliminated naturally occurring
effects of motivation to avoid detection. To further disentangle the role of truly selfinitiated deception on memory detection, it is recommended to test alternative
instructions in the CIT. For instance, as overt responding to questions (i.e., saying
“no”) is not vital for orienting and inhibition to occur, in future studies the CIT could
be introduced without any requirement for verbal answering (i.e., participants remain
silent throughout the CIT; Ben-Shakhar & Elaad, 2003; Meijer et al., 2014). In such
manner, not only the intentional deceptive act as manipulated in this dissertation, but
also the possible subsequent effects of intrinsic motivation and deliberate lying to
avoid detection can be meaningfully investigated.
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While positively influencing physiological responding, increased motivation to
avoid detection may also lead to more attempts to fake a truthful test outcome. Hence,
examinees may employ mental and/or physiological countermeasures that alter
responsivity (Ben-Shakhar, 2011). To illustrate, participants who were guilty of
cheating with the confederate (Chapter 6) reported significantly more motivation to
avoid detection in comparison to innocents. Moreover, true confessors reported more
effort to decrease and/or enhance physiological responding in comparison to false
confessors. Yet, participants were not given time to prepare the CIT, nor were they
informed on the working mechanisms of memory detection. This may explain the
reported use of countermeasures, while detection efficiency remained high.
Various tactics can be employed to consciously alter responsivity during the
memory detection test. Suspects could suppress their responses to the critical crime
details or rather enhance responses to neutral, control items (Ben-Shakhar, 2011) with
the purpose of avoiding detection. Research on the influence of countermeasures has
revealed increased false negatives for the traditional ANS measures (e.g., Elaad & BenShakhar, 1991; Lykken, 1960). For example, explicitly instructing participants to use
mental and physical countermeasures resulted in decreased detection accuracy using
physiological measures compared to a guilty control group (Honts, Devitt, Winbush,
& Kircher, 1996). Similarly, classification accuracy was generally reduced by
countermeasures in fMRI (Ganis, Rosenfeld, Meixner, Kievit, & Schendan, 2011; Hsu,
Begliomini, Dall’Acqua, & Ganis, 2019), and P300 (Rosenfeld, Soskins, Bosh, & Ryan,
2004) measures.
Amongst proposed solutions is the use of various dependent measures
simultaneously (Peth, Suchotzki, & Gamer, 2016), of which one measure could be
ceded to actively detect faking attempts (Winograd & Rosenfeld, 2011), or the use of
covert measuring techniques (e.g., respiratory effort transducers hidden in a seat;
Elaad & Ben-Shakhar, 2009). However, covert measurement techniques, for example
looking at gaze behavior while the suspect is unaware that their ocular movements are
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being monitored (see also Ben-Shakhar, 2011), raise ethical issues with regards to the
legal rights of suspects in criminal investigations.
Finally, it has been argued that in the field of criminal investigations, lies may
be extensively practiced (Hu, Chen, & Fu, 2012). The role of preparation of a deceptive
response may be an important factor when attempting to detect deception. For
example, while it usually takes longer to lie compared to telling the truth to
unexpected interview questions, reversed effects were found when the interview
questions were prepared (DePaulo et al., 2003). It remains to be investigated how
trained deception influences the detection efficiency of the CIT.

Individual detection accuracy
In the current dissertation, most response patterns have been presented at
group levels (i.e., averaged over all participants in a certain condition). In the field,
however, it is required to make accurate decisions on the individual level. Rather than
comparing response distributions amongst hundreds of laboratory participants, the
examiner in the field needs to decide on a single case basis whether knowledge is
present or absent.
In the two chapters including conditions with knowledgeable and
unknowledgeable individuals (Chapter 2 and Chapter 6), the area under the Receiver
Operating Characteristic (ROC) curve was calculated. This statistic describes the
efficiency of the CIT in distinguishing knowledgeable and unknowledgeable
individuals and varies between 0 and 1, with 0.5 representing chance level (for a more
detailed description, see Lieblich, Kugelmass, & Ben-Shakhar, 1970).
In this dissertation, ROC values of 0.73 [0.64; 0.81] and 0.78 [0.70; 0.86] were
found for the RT measure (Chapter 2). For SCR and HR respectively, ROC values of
0.90 [0.81; 0.99] and 0.77 [0.63; 0.90] were reported in Chapter 6. Individual detection
was significantly above chance level and fairly similar to results from meta-analytic
research (i.e., values of 0.82, 0.85 and 0.74 for RT, SCR, and HR, respectively; Meijer et
al., 2014; Meijer, Verschuere, Gamer, Merckelbach, & Ben-Shakhar, 2016). The results
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Chapter 7

indicate that detection accuracy was high, but imperfect from an applied perspective.
Yet, it should be noted that these values were obtained in studies that were not
designed to maximize the differentiation of knowledgeable from unknowledgeable
individuals. As the current experiments were conducted to isolate and manipulate
specific variables, factors actively contributing to high detection efficiency (e.g., use of
highly salient items, use of multiple critical items, item repetition, etc.) were not
implemented. Analysis of a subset of 41 studies that were optimized for individual
detection, revealed a value of 0.88 for SCR (Meijer et al., 2014). Moreover, for example,
a RT-CIT targeting autobiographical information (i.e., highly salient personal details)
revealed very high detection scores (ROC = 0.98 [0.95; 1.00]; Verschuere & Kleinberg,
2016).
While the studies reported in this dissertation were designed to further bridge
the gap between laboratory research and field practice, participants were recruited
from a student population. This is a clear deviation from the population expected to
be encountered in criminal investigations, amongst others regarding age, criminal
background, and mental health. While the characteristics of an examinee may
influence individual detection accuracy, previous research suggests that the CIT can
be used in children (Visu-Petra, Jurje, Ciornei, & Visu-Petra, 2016), prison populations
(Suchotzki, Kakavand, & Gamer, 2018), and antisocial offenders (Verschuere,
Crombez, de Clercq, & Koster, 2005; Verschuere, Crombez, Koster, & de Clercq, 2007).
Future research should further verify the validity of memory detection in vulnerable
suspects (see Chapter 6).

CONCLUSIONS
Taken together, the studies reported in this dissertation contribute to the literature on
the applied validity of memory detection in the legal arena. The findings indicate that
the scope of the CIT extends from detecting details under explicitly instructed mockcrime settings in traditional experimental paradigms to self-initiated, deliberate
deceptive behavior. Moreover, the findings suggest that constructing good CIT
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General discussion

questions and choosing optimal items depend on the initial encoding of the crime
scene. Furthermore, the results imply that – after short time intervals – using exemplarlevel details might prevent wrongful classification of contaminated suspects without
sacrificing detection efficiency. Memory detection research is constantly evolving and
I hope that by introducing the CIT as a potential tool to verify suspect confessions,
wrongful convictions due to false confession such as that of Byron Halsey may be
prevented in the future.
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Tina and Tyrone Urquhart were just seven and eight years old when they were
gruesomely murdered in 1985. The children – severely tortured and sexually assaulted
– were found in the basement of their apartment complex in Plainfield, New Jersey.
The investigation zeroed in on the boyfriend of the children’s mother, 24-year old
Byron Halsey, who failed a polygraph examination, confessed to the murders, and was
subsequently sentenced to life in prison. In 2007 improved DNA technology provided
a match between the semen sample and the true perpetrator: next-door neighbor
Clifton Hall, who committed multiple sexual assaults while Halsey was falsely
incarcerated. This raises the question how it is possible that a polygraph test falsely
implicated an innocent man. Moreover, why did Byron Halsey confess to a brutal
crime he did not commit? To evaluate whether a suspect was actually involved in a
crime, one could verify whether the individual remembers specific details from the
crime scene. Memory detection tests are designed to achieve this goal and extensive
laboratory research has revealed high validity estimates for such tests (e.g., Meijer,
klein Selle, Elber, & Ben-Shakhar, 2014; Suchotzki, Verschuere, van Bockstaele, BenShakhar, & Crombez, 2017). This dissertation investigated the external validity of
memory detection research by examining the impact of several factors differentiating
the artificial laboratory setting from realistic forensic investigations. Could memory
detection tests be expected to accurately distinguish guilty from innocent suspects and
prevent errors such as in the Plainfield murders?
The use of traditional polygraph tests (labeled Control Question Test or CQT;
Reid, 1945) such as the one administered to Byron Halsey has been severely criticized
by the majority of the relevant scientific community (e.g., Ben-Shakhar, 2002; Iacono &
Lykken, 2002; Lykken, 1974; National Research Council, 2003). The CQT is based on
the notion that fear or stress responses upon relevant, crime-related questions (e.g.,
‘Did you murder the two kids?’) in comparison to non-specific control questions (e.g.,
‘Have you ever tried to hurt someone?’) reveal deception (e.g., Ben-Shakhar, 2002;
Iacono & Patrick, 1997). However, no single bodily response has been established to
be uniquely related to lying (Vrij, 2008) and it is common for innocent examinees to
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experience increased stress and enhanced bodily responses when facing a lie detection
test.
In contrast, memory detection focuses on detecting recognition of intimate
crime details rather than deception per se. The purpose of the Concealed Information
Test (CIT; first introduced as the Guilty Knowledge Test by Lykken, 1959, 1960) is to
verify whether the suspect is aware of key crime-related details. The method requires
that the examiner identifies a number of established facts from the investigation which
only the true culprit will be able to recognize. Then, the examiner creates a CIT
resembling a multiple-choice test with several questions, such that each question is
comprised of one crime-detail (e.g., the victim was strangled), and several neutral
control items (e.g., the victim was shot or stabbed).
The current dissertation is focused on investigating several questions regarding
the detection accuracy of the CIT under more realistic circumstances. First, the external
validity of memory detection experiments was explored by extending the traditional
research paradigm involving explicitly instructed deception to a new, ecologically
more valid alternative. While most studies investigating the validity of the CIT use
mock-crime scenarios in which participants are explicitly instructed to commit a crime
for the sake of the study, true deception is self-initiated (see also Sip, Roepstorff,
McGregor, & Frith, 2008; Vrij 2004). To overcome this problem, we developed a
cheating paradigm for the studies reported in Chapter 2 and Chapter 3. Participants
were administered a ten-item trivia quiz and promised an incentive for correctly
answering all questions. However, unbeknownst to the participants we constructed
the questions in a way that it would be almost impossible to solve the final two
questions without external help. Participants were randomly allocated to a condition
in which they were instructed to look up the correct answers on Google, or to a
condition in which they had to solve the questions on their own, but had the
opportunity to cheat. This design formed three groups: instructed cheaters, selfinitiated cheaters, and fair players. In two studies it was indicated that the CIT was
similarly effective in detecting knowledge of instructed and self-initiated cheating
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using both psychophysiological and behavioral measures, demonstrating the validity
of the CIT beyond artificial laboratory circumstances.
Second, the CIT has been found effective to evaluate perpetrators knowledge.
However, the important underlying assumption that only guilty suspects possess
critical crime knowledge may not take the complexity of real-life cases into account,
where critical information may be leaked to innocent suspects. In the case of the
Plainfield child murders, Byron Halsey – later proven factually innocent – might have
known that the children were found in the basement. This would render him at risk of
being falsely indicated as knowledgeable if questioned about the location of the
victims’ bodies. In such cases, a possible solution was suggested by CIT examiners in
Japan, the only country where the CIT is routinely administered in criminal cases.
Specifically, CIT items should be presented at a more specific level, which may
minimize the risks of leakage (Osugi, 2011; 2014; 2018). The studies presented in
Chapter 4 and Chapter 5 therefore investigated the effectiveness of exemplar-level
items and whether this may reduce false-positive outcomes expected after information
leakage. On the other hand, it may not be reasonable to expect that the true perpetrator
remembers all details from the crime (e.g., the nightgown the victim was wearing) and
could distinguish the critical item from the neutral alternatives. As this may lead to
false negatives, these studies investigated the sensitivity and specificity of the CIT.
Current results indicate that highly detailed questions may provide a safeguard for
contaminated innocents, while knowledgeable participants could be detected equally
well as when categorical questions are asked. Contrary to our expectations, no
diminished CIT-effects were found when administering the test after a 1-week
interval. Further research is therefore required to investigate whether the proposed
use of highly detailed questions remains valid after naturalistic memory deterioration
over time.
Third, Byron Halsey is unfortunately not the first innocent confessing to a crime
he did not commit. Since the first DNA-exoneration in 1989, hundreds of wrongful
convictions have been overturned in which eyewitness identifications were found to
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be mistaken and confessions unreliable. Not surprisingly, certain dispositional risk
factors (i.e., suspect characteristics such as learning disabilities; Drizin & Leo, 2004;
Gudjonsson, 2003) and situational factors (e.g., confrontational interrogation tactics,
lengthy interrogation, and sleep deprivation; Kassin, 2015) such as present in the case
of Byron Halsey, have been often found to decrease the diagnostic value of a suspect’s
confession. Yet, even trained investigators find it difficult to distinguish true and false
confessions (Kassin, Meissner, & Norwick, 2005). Therefore, in Chapter 6, I
investigated whether memory detection can be used to accurately differentiate
between truthful admissions of guilt and false confessions. Participants were paired
with a confederate and tempted to break the experimental rules by cheating on a trivia
quiz. Independent of actual guilt, all participants were accused of cheating and
interrogated using confrontational interrogation techniques (Inbau, Reid, Buckley, &
Jayne, 2013). Results indicated that true confessors, but not false confessors, displayed
physiological changes associated with recognition of intimate knowledge obtained by
cheating on a trivia quiz. Initial evidence therefore highlights the potential of the CIT
to verify confessions. Yet, important considerations regarding information
contamination during the interrogation are raised (see also Chapter 4 and Chapter 5).
The studies reported in this dissertation directly aimed to answer questions
regarding important applied implications of the CIT. We tackled these issues by
manipulating relevant factors in a controlled laboratory setting, yet important
differences remain with circumstances expected to occur in the field (e.g., the quality
of crime memory, and attempts to fake the test). The current findings highlight the
potential of memory detection and may pave the way for further field implementation
of the CIT beyond Japan.
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Tina en Tyrone Urquhart waren pas zeven en acht jaar oud toen ze in 1985 op
verschrikkelijke wijze werden vermoord. De kinderen werden gevonden in de kelder
van

het

appartementencomplex

in

Plainfield,

New

Jersey.

Tijdens

het

politieonderzoek kwam al snel de stiefvader van de kinderen in het vizier: de 24-jarige
Byron Halsey. Halsey faalde op de leugendetector, bekende de moord op de kinderen,
en werd vervolgens veroordeeld tot een levenslange gevangenisstraf. Nieuwe
ontwikkelingen in DNA-techniek zorgden ervoor dat in 2007 de schuldige
onomstotelijk kon worden vastgesteld. Niet Byron Halsey, maar Clifton Hall bleek de
dader. Gedurende de periode dat Halsey onterecht voor de misdaden was
veroordeeld, bleek Hall bij meerdere seksuele mishandelingen betrokken te zijn
geweest. Dit roept de vraag op waarom de leugendetector een foutieve uitslag gaf en
waarom Halsey moorden bekende die hij nooit had gepleegd. Om te beoordelen of een
verdachte inderdaad betrokken is geweest bij een misdaad, zou men kunnen
achterhalen of de verdachte over daderkennis beschikt. Geheugendetectietechnieken
hebben als doel om vast te stellen of iemand specifieke details van een misdaad
herkent. Talrijke wetenschappelijke experimenten hebben de betrouwbaarheid van
geheugendetectie bevestigd (e.g., Meijer, klein Selle, Elber, & Ben-Shakhar, 2014;
Suchotzki, Verschuere, van Bockstaele, Ben-Shakhar, & Crombez, 2017). In dit
proefschrift werd de externe validiteit van geheugendetectie onderzocht. In hoeverre
zijn de bestaande wetenschappelijke resultaten eigenlijk generaliseerbaar naar de
praktijk? De studies beschreven in dit proefschrift keken specifiek naar de impact van
factoren die verschillen tussen de artificiële onderzoeksomgeving en de realistische
forensische context. Kunnen geheugendetectietests accuraat tussen schuldige en
onschuldige verdachten differentiëren en daarmee foutieve veroordelingen zoals in de
Plainfield moorden voorkomen?
Het gebruik van traditionele leugendetectietechnieken zoals de polygraaf
gebruikt in de zaak van Byron Halsey (ook wel de Control Question Test of CQT
genoemd; Reid, 1945) wordt hevig bekritiseerd in de wetenschappelijke kring (e.g.,
Ben-Shakhar, 2002; Iacono & Lykken, 2002; Lykken, 1974; National Research Council,
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2003). De CQT wordt gekenmerkt door de achterliggende gedachte dat schuldigen een
angst- of stressreactie vertonen wanneer misdaad gerelateerde vragen gesteld worden
(bijvoorbeeld ‘Heb jij de twee kinderen vermoord?’), maar niet wanneer
controlevragen (bijvoorbeeld ‘Heb je ooit iemand pijn gedaan?'; Ben-Shakhar, 2002;
Iacono & Patrick, 1997) gesteld worden. Echter, geen enkele unieke lichamelijke reactie
kan direct aan liegen gerelateerd worden (Vrij, 2008). Bovendien kunnen ook
onschuldige verdachten hevige lichamelijke stressreacties vertonen wanneer ze een
polygraaftest ondergaan.
Geheugendetectie daarentegen richt zich op herkenning van details over de
misdaad, in plaats van leugenachtigheid. De Concealed Information Test (CIT of
schuldigekennistechniek; Lykken, 1959, 1960) kan worden ingezet om te meten of een
verdachte over daderkennis beschikt. Hiervoor worden vragen gesteld over specifieke
details van het plaats delict, zodat alleen de ware schuldige de correcte antwoorden
zou herkennen. Aan de hand daarvan worden multiple-choice vragen opgesteld met
meestal vijf verschillende antwoordopties: het correcte detail (bijvoorbeeld het
slachtoffer werd gewurgd) en vier plausibele alternatieven (bijvoorbeeld het
slachtoffer werd neergeschoten of neergestoken).
Het huidige proefschrift richt zich op het meten van de betrouwbaarheid van
geheugendetectie onder meer realistische omstandigheden. Ten eerste werd de
externe validiteit van geheugendetectietechnieken onderzocht door het traditionele
onderzoeksparadigma, bestaande uit uitdrukkelijk opgedragen leugenachtigheid, uit
te breiden met een nieuw, ecologisch meer valide alternatief. Terwijl de meeste studies
die de betrouwbaarheid van geheugendetectie onderzoeken gebruik maken van een
gesimuleerd misdaadscenario waarin deelnemers expliciet geïnstrueerd worden om
een bepaald voorwerp te ‘stelen’, komt daadwerkelijk realistische misleiding
intrinsiek tot uiting (zie ook Vrij 2004; Sip, Roepstorff, & Frith, 2008). Om dit verschil
te ondervangen, ontwikkelden we een paradigma waarin proefpersonen uit zichzelf
konden valsspelen op een trivia quiz. In Hoofdstuk 2 en Hoofdstuk 3 kregen
proefpersonen een quiz met tien verschillende vragen en konden ze een bonus
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verdienen door alle vragen correct te beantwoorden. Proefpersonen wisten echter niet
dat het vrijwel onmogelijk was om de laatste twee vragen correct te beantwoorden
zonder Google te gebruiken. Deelnemers werden willekeurig toegewezen aan een
conditie waarin ze werden opgedragen om de juiste antwoorden op Google op te
zoeken, of in een situatie waarin ze de vragen zelf moesten oplossen en gelegenheid
kregen om vals te spelen. Deze onderzoeksopzet leidde tot drie groepen: geïnstrueerde
valsspelers, zelf-geïnitieerde valsspelers, en eerlijke spelers. In twee studies werd
aangetoond dat de CIT door het gebruik van zowel psychofysiologische als
gedragsmatige metingen vergelijkbaar effectief was in het detecteren van kennis van
valsspelen. Hiermee werd de geldigheid van geheugendetectie aangetoond in een
realistische situatie, die beter de forensische praktijk weerspiegelt.
Ten tweede is de CIT effectief gebleken om daderkennis te evalueren. De
belangrijke onderliggende aanname dat alleen schuldige verdachten over daderkennis
beschikken, weerspiegelt echter niet de complexiteit van echte misdaden. Informatie
kan wel degelijk bekend worden bij het publiek, en daarmee bij onschuldige
verdachten. Bijvoorbeeld in het geval van de kindermoorden in Plainfield had Byron
Halsey, ondanks zijn onschuld, mogelijk geweten dat de kinderen in de kelder
gevonden waren. Als er vervolgens in een geheugendetectietest naar de locatie van de
slachtoffers zou worden gevraagd, had Halsey het risico gelopen dat hem onterecht
daderkennis zou worden toegewezen. In dergelijke gevallen werd een mogelijke
oplossing voorgesteld door CIT-examinatoren in Japan, het enige land waar de CIT op
grote schaal wordt toegepast in strafzaken. Het risico op fout-positieve resultaten (i.e.,
het onterecht aantonen van daderkennis in het geheugen van een onschuldige
verdachte) zou kunnen worden omzeild door specifiekere vragen te stellen (Osugi,
2014; 2018). De onderzoeken gepresenteerd in Hoofdstuk 4 en Hoofdstuk 5 hadden
daarom als doel de effectiviteit van items op exemplarisch niveau te onderzoeken, met
de vraag of dit fout-positieve resultaten kan verminderen wanneer onschuldigen over
daderkennis beschikken door contaminatie. Aan de andere kant is het misschien niet
redelijk om te verwachten dat de ware dader alle details van de misdaad perfect heeft
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onthouden (bijvoorbeeld welke nachtjapon het slachtoffer droeg) en daarmee het juiste
detail van de neutrale alternatieven kan onderscheiden. Omdat dit kan leiden tot foutnegatieve resultaten (i.e., het aantonen van gebrek aan daderkennis in het geheugen
van een schuldige verdachte), hebben deze studies de sensitiviteit en specificiteit van
de CIT onderzocht. De huidige resultaten geven aan dat zeer gedetailleerde vragen
een garantie zouden kunnen vormen voor gecontamineerde onschuldigen, terwijl
ware schuldigen net zo goed konden worden opgespoord met exemplarische vragen
(bijvoorbeeld of het moordwapen een mes was) als met categorische vragen
(bijvoorbeeld of het moordwapen een vlindermes was). In tegenstelling tot onze
verwachtingen, werden CIT-effecten niet negatief beïnvloed door de test een week uit
te stellen. Verder onderzoek is daarom nodig om na te gaan of het gebruik van zeer
gedetailleerde vragen betrouwbaar blijft wanneer het geheugen van daders verder
verslechtert na verloop van tijd.
Ten derde, Byron Halsey is helaas niet de eerste onschuldige die een misdaad
bekende die hij niet gepleegd had. Sinds de eerste foutieve veroordeling is rechtgezet
door middel van nieuwe DNA-technieken in 1989, zijn honderden veroordelingen
onterecht verklaard. Deze onschuldigen bleken foutief aangewezen te zijn door
ooggetuigen, en hadden vaak onbetrouwbare, onjuiste bekentenissen afgelegd.
Bepaalde eigenschappen van de verdachte (zoals lagere intelligentie of leerproblemen;
Drizin & Leo, 2004; Gudjonsson, 2003) en situationele risicofactoren (zoals
verhoormethoden waarbij veel druk wordt uitgeoefend op de verdachte, langdurige
ondervragingen, of slaapgebrek; Kassin, 2015) kunnen ertoe bijdragen dat een
onschuldige verdachte zoals Byron Halsey onterecht moorden opbiecht. Zelfs
getrainde rechercheurs vinden het echter moeilijk om ware en valse bekentenissen van
elkaar te onderscheiden (Kassin, Meissner, & Norwick, 2005). In Hoofdstuk 6 heb ik
onderzocht

of

geheugendetectietechnieken

kunnen

worden

toegepast

om

nauwkeuriger onderscheid te maken tussen ware en valse bekentenissen. In het
experiment werden deelnemers gekoppeld aan een tweede proefpersoon, die stiekem
een onderzoeksassistent was en getraind was om de proefpersoon ertoe te verleiden
220

Dutch summary

om de regels te breken en vals te spelen gedurende het experiment. Alle
proefpersonen, ongeacht of ze uiteindelijk valsspeelden, werden beschuldigd door de
proefleider en intensief ondervraagd volgens het protocol van Inbau, Reid, Buckley,
en Jayne (2013) uit de Verenigde Staten. Resultaten van de fysiologische
geheugendetectietest toonden aan dat alleen de proefpersonen die een ware
bekentenis hadden afgelegd, in tegenstelling tot onschuldige proefpersonen die toch
(vals) bekenden, de fysiologische verandering vertoonden die gepaard gaan met
herkenning van daderkennis. Deze eerste studie toont daarmee de potentiele nieuwe
toepassing aan van de CIT om bekentenissen op waarheid te verifiëren. Belangrijke
overwegingen met name met betrekking tot contaminatie gedurende het
politieverhoor en de daarmee gepaard gaande verspreiding van daderkennis moeten
echter verder worden onderzocht. Byron Halsey beschikte bijvoorbeeld in het eerste
verhoor niet over daderkennis, maar zo bleken er wel intieme details in zijn
uiteindelijke schuldbekentenis bij de politie te zijn opgenomen (zie ook hoofdstuk 4 en
hoofdstuk 5).
De studies beschreven in dit proefschrift waren gericht op het beantwoorden
van vragen die directe betrekking hadden op de toegepaste implicaties van
geheugendetectie. We hebben specifieke factoren aangepakt die duidelijk verschillen
tussen

gecontroleerde

wetenschappelijke

experimenten

en

omstandigheden

daadwerkelijk verwacht in politiezaken, zoals bijvoorbeeld details in daderkennis en
de intentie om te liegen. De huidige bevindingen versterken de potentiële
mogelijkheden van geheugendetectie en zouden kunnen bijdragen aan verdere
toepassing van de CIT buiten Japan.
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תקציר
קביעת אשמה וחפות בפשעים היא היסוד לכל מערכת שיפוטית צודקת .תגובות פסיכו-פיסיולוגיות
והתנהגותיות ספציפיות המצביעות על ידע של פריטים משמעותיים ביחס לחקירה פלילית נמצאו יעילות
בקשירת יחידים לפשע מסוים .בעוד שהתיאוריה שעליה מבוסס מבחן אבחון הזיכרון והמנגנונים המניעים את
דפוסי התגובה הללו נחקרו לעומק ומחקרים מעבדתיים רבים הצביעו על רמת אבחון גבוהה של מבחן זה
שאלות חשובות הנוגעות לתוקף החיצוני של המחקר נותרו ללא מענה.
המחקר הנוכחי מרחיב את גוף הידע בנוגע לאבחון זיכרון בשלושה דרכים .ראשית ,ככלל ,בניסויים
המעבדתיים נבדקים הונחו לבצע פשעים מבוימים ,בעוד שבמציאות אשמים בוחרים אם לקחת חלק
בהתנהגות אנטי-חברתית או לא .הממצאים הראו כי ההנחיה לשקר לא מערערת את תוקף מבחן אבחון
הזיכרון .שנית ,טכניקות לאבחון זיכרון יכולות לאתר במדויק את נוכחותו של זיכרון אך לא את מקורו .תוצאות
מצביעות על כך שהצגת פריטים ברמה ספציפית יכולה להפחית את הסיכון של הפללת שווא כאשר פריטים
מזירת הפשע מודלפים לחשודים החפים מפשע .זאת ועוד ,עדיף שבמהלך התשאול במבחן יוצגו הפריטים
באותה רמת פירוט שבה קודדו בעת הפשע .שלישית ,בחקירות פליליות חסרה שיטה לאבחון בין הודאות אמת
להודאות שווא .תוצאות המחקר הראו כי ניתן להשתמש במבחן אבחון הזיכרון להשגת מטרה זו .לסיכום,
עבודה זו מספקת תובנות ביחס לתוקף החיצוני של אבחון זיכרון במטרה להרחיב את יישומו בשדה החקירות
הפליליות.
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