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ENGLISH ABSTRACT 

 

The notion that physiological and behavioral measures can be used to detect concealed 

memories is intriguing, to say the least. Although years of research on the Concealed 

Information Test (CIT) have proven the validity of this method, it also raised new questions. 

The present dissertation focused on three questions that shared a common desire to deepen 

our understanding of the memory detection phenomenon. First, what are the mechanisms 

underlying the differential responses to concealed memory items? The experiments 

presented in Chapters 1 and 2 revealed that while the skin conductance measure reflects 

orientation to the critical items, the respiration and heart rate measures reflect attempts at 

arousal inhibition. Second, is the CIT only sensitive to explicit memory or also to implicit 

memory? The experiments presented in Chapter 3 provided no compelling evidence for the 

CIT’s sensitivity to implicit memory and showed that the test’s validity depends to a large 

extent on explicit recognition. Third, does the emotional value of the concealed items affect 

detection efficiency? The experiments presented in Chapter 4 indicate that both memory 

and CIT detection efficiency with the skin conductance measure may be heightened for 

emotional compared to neutral pictures, whereas detection based on heart rate and 

respiration is unaffected by the emotional level of the items. Taken together, the present 

results provide novel insights in the theoretical underpinnings of the CIT, with a fractionation 

of the physiological measures, and help mapping the factors that contribute to successful 

detection of concealed memory items. 

 

 

 

 

 

 

 

 

 

 



DUTCH ABSTRACT 

 

Het idee dat fysiologische en gedragsmatige reacties kunnen worden gebruikt om verborgen 

herinneringen op te sporen is, op zijn zachts gezegd, intrigerend. Hoewel jaren van 

onderzoek de validiteit van geheugendetectie heeft bewezen, roept dat onderzoek ook 

nieuwe vragen op. Dit proefschrift richt zich op drie vragen met als gemeenschappelijk doel 

ons begrip van geheugendetectie te verdiepen. Ten eerste: Welk psychologisch proces 

verklaart de fysiologische reacties die verborgen informatie verraden? De experimenten in 

Hoofdstukken 1 en 2 toonden aan dat huidgeleiding gerelateerd is aan de oriëntatierespons, 

terwijl ademhaling en hartslag pogingen tot het onderdrukken van fysiologisch arousal 

reflecteren. Ten tweede: Kunnen alleen expliciete herinneringen of ook impliciete 

herinneringen gedetecteerd worden? De experimenten in Hoofdstuk 3 toonden geen 

overtuigend bewijs dat impliciet geheugen gedetecteerd kan worden en suggereerden dat 

de validiteit van geheugendetectie sterk gerelateerd is aan expliciete herkenning. Ten derde: 

Heeft de emotionele lading van de verborgen informatie invloed op de detectie-efficiëntie? 

De experimenten in Hoofdstuk 4 wijzen erop dat zowel het geheugen als de detectie-

efficiëntie met huidgeleiding sterker is voor emotionele stimuli in vergelijking met neutrale 

stimuli. De detectie-efficiëntie van de ademhaling en hartslag werd echter niet beïnvloed 

door de emotionele lading van de informatie. Samen beschouwd verschaffen de huidige 

resultaten nieuwe inzichten in de theoretische onderbouwing van geheugendetectie en 

tonen een dissociatie tussen de fysiologische maten. Verder helpen ze met het in kaart 

brengen van de factoren die bijdragen aan een succesvolle detectie van verborgen 

informatie. 
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On June 12, 1994, the bodies of Nicole Brown Simpson and her friend, Ronald Goldman, 

were found stabbed to death outside of her condo. The evidence pointed to the guilt of 

Nicole’s ex-husband, O.J. Simpson, which led to a nationally televised police chase and his 

surrender later that evening. O.J. pleaded not guilty and was set free following an extremely 

publicized trial. Until today, many people believe that O.J. is guilty and lied on the stand. 

Unfortunately however, both lay-people and professionals perform at chance level when 

differentiating between truth and lies (see Bond & DePaulo, 2006; DePaulo & Pfeifer, 1986; 

Ekman & O’Sullivan, 1991; Vrij, 2008). Hence, it is not surprising that different methods of lie 

detection have been developed. According to legend, one of the world’s first ‘lie detectors’ 

was created by an Indian priest in 500 BC (Gordon & Fleisher, 2006). Said priest would put a 

suspect and a ‘magic donkey’, whose tail had been covered with lampblack, into a dark tent 

and ordered the suspect to pull the donkey’s tail. The suspect was warned that the magic 

donkey would scold him when guilty, but remain silent when innocent. Actually, the priest’s 

verdict was based on the suspect’s hands. If the suspect's hands were clean, he did not pull 

the donkey’s tail (presumably out of fear for his deception being uncovered) and was 

therefore deemed guilty. Centuries later, more sophisticated lie detection methods have 

been developed and with technological advances it has moved from the realm of ‘magic 

donkeys’ to methods based on physiological measures. In fact, since the beginning of the 

20th century, several psychophysiological lie detection methods (popularly known as 

polygraphs; e.g., Larson, 1932; Marston, 1917; Reid, 1947; Reid & Inbau, 1977) were 

developed. During a typical lie detector test, changes in various physiological channels, such 

as skin conductance, respiration and heart rate, are recorded. The term polygraph 

technically refers to the recording device that is used to measure these changes and when 

broken down into its root Latin words, means “many write”. Importantly, the difference 

between the various lie detection methods lies in the adopted paradigm and the way its 

questions are formulated (see Meijer, Verschuere, Gamer, Merckelbach, & Ben-Shakhar, 

2016). Two of the most influential methods are the Relevant/Irrelevant Question Test (R/IR; 

Larson, 1923) and the Control (or Comparison) Question Test (CQT; Reid, 1947).     
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Lie Detection 

The R/IR technique is the simplest of all lie detector tests and compares responses to 

relevant questions (e.g., Did you kill Nicole Brown Simpson?) with responses to irrelevant 

questions (e.g., Is your first name O.J.?). The test is based on the rationale that only guilty 

suspects will find the relevant questions more threatening than the irrelevant questions 

(Marston, 1917). Hence, when the relevant questions induce differential responses, 

deception is indicated. This reasoning however, lacks a solid theoretical background and a 

logical rationale. Due to the apparent nature of the relevant questions, these questions are 

also likely to be more threatening to innocent suspects. Indeed, the two studies that 

examined the validity of the R/IR method revealed that not only guilty, but also innocent 

examinees respond stronger to the relevant than to the irrelevant questions (Horowitz, 

Kircher, Honts, & Raskin, 1997; Horvath, 1988); 100% of the guilty examinees were correctly 

classified, but 73-100% of the innocent examinees were incorrectly classified.  

In response to criticism of the R/IR test, John Reid (1947) developed the CQT, which 

is still the most commonly used lie detector test. The CQT is administered in several stages 

and starts with a lengthy pre-test interview. During this interview, the examiner explains the 

testing procedure and formulates the questions. These questions are of three different 

types: relevant, irrelevant (as in the R/IR) and control questions. The control questions are of 

a more generic nature than the relevant questions and are purposely vague (e.g., Have you 

ever done anything illegal?). Proponents of the CQT claim that a skilled examiner is capable 

of creating an atmosphere in which innocent suspects will be mostly worried about the 

control questions, while guilty suspects will be mostly worried about the relevant questions. 

Again, just as for the R/IR, this hypothesis has no grounding in psychophysiological research 

and lacks a logical rationale. After all, there are numerous reasons why also innocent 

examinees may find the relevant questions more threatening (e.g., fear of being falsely 

classified as guilty, higher intrinsic arousal level of the questions). Indeed, research has 

shown that the false classification rate of innocent examinees (12-23%) is almost double 

than that of guilty examinees (1-13%) (Ben-Shakhar & Furedy, 1990; Kircher, Horowitz, & 

Raskin, 1988; Raskin & Honts, 2002). Taken together, although the CQT works well above 

chance (National Research Council, 2003), this test has been criticized due to its lack of a 
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theoretical framework and standardization, as well as its bias against the innocent (e.g., Ben-

Shakhar, 2002; Iacono & Lykken, 2002).   

 

Memory Detection 

While unaware of established lie detection procedures, Lykken (1959, 1960) proposed an 

alternative method: the Guilty Knowledge Test (GKT) later referred to as the Concealed 

Information Test (CIT). The idea behind this test is just as clever as it is simple: only the true 

perpetrator has critical knowledge about the crime. Thus, unlike previous methods, which 

aimed to detect deception, the CIT aims to detect concealed knowledge. Lykken based his 

technique on two basic principles of experimental psychology: (1) the concept of 

experimental control and (2) probability theory. Optimizing experimental control, the CIT 

was composed of a series of questions, with a number of equally plausible items for each 

question; these items include a number of controls and one critical (i.e., crime-related) item 

which is significant only to individuals that were involved in the crime (e.g., Which weapon 

was used in the murder of Nicole Brown Simpson?... rope?...  gun?... scissors?... knife?... ice-

pick?). Hence, when the critical items induce differential physiological and behavioral 

responses (i.e., the CIT effect), knowledge of the crime is inferred. The chance that an 

unknowledgeable (innocent) individual will show such systematically differential responses 

depends (according to probability theory) only on the number of questions and the number 

of items per question. Hence, the test provides a built-in protection for the innocent, which 

can be increased by using more questions and more items.  

Already in the first experimental demonstrations of the CIT (e.g., Geldreich, 1941, 

1942; Lykken, 1959) it was shown that concealed knowledge can be validly detected by 

measuring changes in electrodermal activity. Specifically, phasic increases in skin 

conductance (i.e., Skin Conductance Responses; SCRs) are enhanced for critical compared to 

control items. Although the SCR is still the most frequently used detection measure, other 

autonomic measures based on respiratory and cardiac activity are now also routinely 

monitored in CIT experiments as well as in applied settings. Compared to control items, the 

critical items are associated with a greater phasic decrease in Heart Rate (HR) and with a 

suppression of the Respiration Line Length (RLL; Gamer, 2011), which is a composite 

measure of respiratory cycle (rate of breathing) and respiratory amplitude (depth of 
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breathing). The RLL measure was proposed by Timm (1982) after initial studies found that 

neither the cycle nor amplitude alone could successfully differentiate between guilty and 

innocent examinees (Bradley & Ainsworth, 1984; Podlesny & Raskin, 1978; Thackray & Orne, 

1968). In more recent years, CIT studies have also relied on central nervous system measures, 

such as event-related potentials (ERPs), and behavioral measures, such as Reaction Times 

(RTs; e.g., Farwell & Donchin, 1991; Rosenfeld et al., 1988; Seymour, Seifert, Mosmann, & 

Shafto, 2000; Suchotzki, Verschuere, Peth, Crombez, & Gamer, 2015). In order to improve 

the signal-to-noise ratio, these studies included a larger number of stimuli with short inter-

stimulus intervals. Further, an additional class of stimuli, i.e., target stimuli, is typically 

included and requires a differential behavioral response. 

 

Memory Detection: Theory 

"He who loves practice without theory is like the sailor who boards ship without a rudder and 

compass and never knows where he may be cast." 

–  Leonardo da Vinci (1452-1519) 

 

In this famous quote, Leonardo da Vinci beautifully captures the importance of a theoretical 

foundation. Current views of test validity have acknowledged this importance and described 

how every scientifically valid test needs a strong theory at its base (Messick, 1995). In the 

absence of a theory one will neither know which questions to ask nor to predict under which 

conditions and with which populations the test will work best. This is especially important 

for the CIT, as we generalize from experimental to real-life settings. The development of a 

comprehensive theory may however prove a daunting task; after decades of research, the 

precise theoretical underpinnings of the CIT remain a matter of debate and a number of 

theories have been proposed. The most influential of these theories, the orienting response 

theory, was already provided in the early 70's (see below). Importantly, while earlier 

theories focused on emotional and motivational factors, later theories emphasized cognitive 

factors (see also Ben-Shakhar & Furedy, 1990; Verschuere & Ben-Shakhar, 2011).  
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Emotional-Motivational Theories 

Three of the earliest emotional theories were formulated by Davis (1961): the 

conditioned response theory, the punishment theory and the emotional conflict theory. 

Although these theories are not specific to the CIT, they have been used to account for the 

differential responses to concealed critical items. The conditioned response theory holds 

that the critical items serve as conditioned stimuli, which induce fear and arousal similar to 

the emotions typically experienced during crimes. Consequently, the more serious the crime, 

the stronger the responses. In spite of the intuitive appeal of this theory, it cannot explain 

the results of typical laboratory studies where arousal is expected to be minimal. Moreover, 

there is no experimental research supporting the theory’s validity.  

The punishment theory holds that the fear of punishment (i.e., consequences of test 

failure) underlies the CIT effect. Numerous laboratory studies however, have revealed high 

detection rates in the absence of any real threat. Two studies that did introduce realistic 

levels of threat confirmed the minimal role of this factor (Bradley & Janisse, 1981; Kugelmass 

& Lieblich, 1966). Moreover, the punishment theory would predict respiratory 

hyperventilation and heart rate acceleration, while the CIT is characterized by respiratory 

suppression and heart rate deceleration.  

The emotional conflict theory states that the CIT effect reflects an emotional conflict 

between the pre-potent truth response and the need to lie. This theory has been 

experimentally tested in a number of studies that instructed their participants to either 

remain silent, lie (“no answer”) or tell the truth (“yes answer”) (e.g., Elaad & Ben-Shakhar, 

1989; Horneman & O'Gorman, 1985; Kugelmass, Lieblich, & Bergman, 1967; Verschuere, 

Crombez, Smolders, & De Clercq, 2009). As the conflict was likely to be minimal in the silent 

and truth conditions, reduced responses were expected. However, in spite of inconsistent 

results of some studies, a meta-analysis reported by Meijer, klein Selle, Elber, and Ben-

Shakhar (2014) revealed, on average, no significant SCR differences between a deceptive and 

a silent condition.  

The motivation-impairment theory relates the CIT effect to the motivation to avoid 

detection. Specifically, the more motivated the examinee, the more likely it is that he will be 

detected. The role of motivation has been examined in numerous studies, using either a 

financial incentive or motivational instructions. The first two of these studies (Gustafson & 
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Orne, 1963, 1965) utilized rather "creative" instructions to convince participants that they 

either had to be of superior intelligence (i.e., motivation to conceal) or show psychopathic 

tendencies (motivation to reveal) to beat the polygraph test. While these and later studies 

have revealed mixed effects, Meijer et al. (2014) showed in their meta-analysis that the 

motivation to conceal increases SCR detection efficiency. Still, detection was also high under 

low motivational conditions. 

Taken together, even when emotional conflict, threat, and motivation are low, CIT 

detection efficiency, using a variety of measures, has been shown to be high. Increases in 

motivation, however, have been found to further heighten SCR detection efficiency, while 

increases in threat and conflict have been found to have little to no effect on the SCR. These 

findings are limited to the SCR measure as no relevant studies with other measures (e.g., RLL 

and HR) are available. Hence, it remains to be established if and to what degree these 

alternative measures are affected by different emotional-motivational factors. Still, as these 

factors might contribute to but are not necessary for the CIT effect, other processes are 

likely to lie at the core of the CIT.  

 

Cognitive Theories 

 You're at a crowded party where the music is loud, glasses are clinking and different 

conversations fill up the room. Yet, amid this abundance of distracting stimuli, you can zero 

in on the one conversation you want to hear. Then, when someone mentions your name 

from across the room, you quickly turn your head and redirect your attention to that (more 

interesting) conversation. This phenomenon has been labelled as the "cocktail party effect" 

and illustrates the concept of the orienting response (OR). Sokolov (1963, 1966) described 

the OR as a complex of behavioural and physiological reactions in response to any novel 

stimulus or a change in stimulation. Importantly, when a stimulus carries a special 

significance (e.g., one's own name) an enhanced orienting response occurs. Lykken (1974) 

realized that this quality of the orienting response could be used to identify critical crime-

related items. The critical items are significant only for the true perpetrator, who therefore 

will show a stronger orienting response to these items than to the other alternatives. OR 

theory has been tested in a number of studies that examined different features of the 

response. The most examined feature, habituation, refers to a gradual decline in responding 
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with repeated stimulus presentation. Habituation of responses has been shown for the SCR, 

but not for the RLL and HR (e.g., Ben-Shakhar & Elaad, 2002; Elaad & Ben-Shakhar, 1997; 

Gamer, Godert, Keth, Rill, & Vossel, 2008). Two less examined features are generalization 

(e.g., responding to stimuli presented in one modality generalizes to other modalities) and 

dishabituation (i.e., the recovery of a response that habituated). Generalization has been 

shown in one previous study, but again only for the SCR (Ben-Shakhar, Frost, Gati, & Kresh, 

1996). Dishabituation, on the other hand, has not been observed in the CIT (Ben-Shakhar, 

Gati, Ben-Bassat, & Sniper, 2000).   

 Two OR-related theories have also been proposed: dichotomization and feature-

matching theory. The dichotomization theory originated from the work of Lieblich, 

Kugelmass, and Ben-Shakhar (1970) and Ben-Shakhar, Lieblich, and Kugelmass (1975) that 

showed a negative relationship between the relative frequency of the critical stimuli and 

detection efficiency. According to this approach, knowledgeable examinees dichotomize the 

stimulus set into two distinct categories – critical versus control – and ignore the differences 

between stimuli within categories. Indeed, Ben-Shakhar (1977) showed similar detection 

scores when a single control item was repeated and when several different control items 

were used. Further, the two categories are assumed to habituate independently, which 

holds that the more frequently presented category (typically the control category) will 

habituate faster. Ben-Shakhar (1977) accordingly demonstrated that the responses to 

frequently presented critical stimuli habituate faster than the responses to rare control 

stimuli. Rare critical stimuli, however, induced larger responses than rare control stimuli. 

Hence, the theory was updated to include the effect of significance. Finally, the 

dichotomization theory predicts that differential responding depends on the serial position 

of the stimulus within its own, but not within the alternative category. Thus, when the CIT is 

based on a single critical item, similar responses should be observed throughout the test. 

Ben-Shakhar and Lieblich (1982), however, found larger SCRs with earlier presentations of 

the critical stimulus, which led to a revision of the dichotomization theory and the 

formulation of a feature-matching theory (see below).  

 The feature-matching theory is based on the notion of Sokolov's comparator 

mechanism (e.g., Siddle, 1991; Sokolov, 1963) and posits that each incoming stimulus is 

compared with the representation of the critical stimulus and with the representations of 
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recently presented stimuli by feature-matching processes (Tversky, 1977). The degree of 

match/mismatch between the input and the critical stimulus determines the significance 

value of the input and the degree of match/mismatch of the input with previously presented 

stimuli determines the novelty value of the input. The levels of novelty and significance are 

then integrated to determine the magnitude of the OR. This feature-matching approach of 

the OR was tested and largely corroborated in a series of studies conducted by Ben-Shakhar 

and Gati (e.g., Ben-Shakhar & Gati, 1987; Ben-Shakhar et al., 2000; Gati & Ben-Shakhar, 

1990). Contrary to prediction however, Ben-Shakhar and Gati (2003) observed no 

relationship between presentation frequency of components common to the critical-control 

stimuli and OR magnitude. 

Although there is wealth of evidence attesting to OR and its related hypotheses, most 

of this evidence is solely based on the SCR. In light of this, an alternative outlook has been 

proposed in the form of arousal inhibition theory. As arousal inhibition characterizes 

individuals motivated to avoid detection, this theory is immediately appealing. Just imagine 

that in a moment of despair you committed a crime and, unfortunately, you got caught. 

Consequently, you find yourself in the police station taking a CIT while attached to a number 

of electrodes that record your physiological responses. When you recognize (and orient to) 

the critical items you are likely to feel aroused, and in order to look innocent you are likely to 

attempt and inhibit this experienced physiological arousal. Importantly, inhibition theory is 

supported by the emotional response modulation literature, which demonstrates that 

attempts at arousal inhibition come with a physiological cost. Specifically, several studies 

revealed that inhibition of physiological arousal results in a response pattern that resembles 

the CIT effect (e.g., Dan-Glauser & Gross, 2011; for studies on experiential and expressive 

suppression see Demaree et al., 2006; Gross & Levenson, 1993, 1997). A direct test of the 

inhibition theory was provided by Verschuere, Crombez, Koster, Van Bockstaele, and De 

Clercq (2007). These authors used a startle eye blink paradigm in which startle probes were 

presented both during critical and control items. While OR theory predicted greater startle 

modulation (measured by eye blink magnitude) to the critical pictures, inhibition theory 

predicted reduced startle modulation. The data supported an inhibition account and hence 

the authors ran two additional experiments in which participants either were or were not 

instructed to inhibit physiological responding. Only when instructed to inhibit, reduced 
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startle modulation was observed. It is noteworthy that attempts at arousal inhibition are 

likely to be accompanied by a conflicting emotional state (i.e., emotional conflict theory). 

Importantly however, emotional conflict is expected to be significantly reduced when 

participants remain silent, while attempts at arousal inhibition are expected to be similar 

when silent or answering deceptively. 

 Contemplating the different theories, whether emotional or cognitive, all attempt to 

explain the differential responding of a variety of physiological measures (e.g., SCR, RLL, HR). 

This is rather surprising as most of the evidence for these theories is based on the SCR. The 

automatic generalization to other physiological measures seems to have been premature; a 

number of research findings revealed a divergence or even a fractionation between the 

different measures. First, while the SCR has been shown to habituate over the course of the 

CIT, both the RLL and HR are relatively resistant to habituation (e.g., Ben-Shakhar & Elaad, 

2002; Elaad & Ben-Shakhar, 1997; Gamer, Godert et al., 2008). Second, a number of 

experimental manipulations (e.g., interfering task: Ambach, Stark, & Vaitl, 2011, question 

repetition: Ben-Shakhar & Elaad, 2002) were found to divergently affect the SCR and 

cardiorespiratory (RLL and HR) measures. Third, the different measures were found neither 

to correlate across participants (Gamer, Verschuere, Crombez, & Vossel, 2008) nor within 

participants across CIT questions (Gamer, Godert et al., 2008). This lack of convergence 

between the different physiological measures has been explained by a multiple mechanisms 

account; the different measures are assumed to be driven by different mechanisms (e.g., 

Ambach et al., 2011; Barry, 1996, 2006, 2009; Bradley, 2009). Consequently, the first aim of 

the present dissertation is to delineate the theoretical underpinnings of the CIT by utilizing 

the multiple mechanisms account. In particular, to examine whether orienting, and 

inhibition can explain the responding of different physiological measures in the CIT. 

 

Memory Detection: Sensitivity 

Although CIT theory remains controversial, numerous researchers have explored the 

sensitivity of this test and its different measures. While most of the current knowledge 

comes from single studies, three meta-analytical reviews have integrated findings across 

studies. The first of these reviews (MacLaren, 2001) demonstrated impressive detection 

rates, however included only 22 different laboratory studies. The second meta-analysis (i.e., 
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Ben-Shakhar & Elaad, 2003) included data from 80 different laboratory studies and relied on 

the skin conductance measure, whereas the third meta-analysis (Meijer et al., 2014) 

included 100 laboratory studies and relied on four different physiological measures (i.e., the 

SCR, RLL, HR, and the P300 component of the ERP). Both of these meta-analytical studies 

revealed large mean effect sizes for all measures (Cohen's d between 0.89-1.89). All these 

validity measures are however based on experimental studies that typically ensured that 

examinees explicitly remember the critical items. This is unfortunately impossible in forensic 

settings. First of all, in forensic settings, the items may have never been explicitly encoded. 

Second, even when encoding was explicit, explicit memory may have faded due to the 

passage of time. Hence, it is crucial to understand whether a CIT effect can be observed for 

information for which implicit but no explicit memory exists. Although there is some 

evidence from both clinical applications of the CIT (e.g., Bauer, 1984) and other research 

areas (Newcombe & Fox, 1994; Stormark, 2004), there is no systematic research 

investigating the implicit sensitivity of the CIT with normal, healthy adults. Hence, the 

second aim of the present dissertation is to examine whether the different physiological 

measures in the CIT can detect implicit memory. 

 

Memory Detection: External Validity 

Any scientific test should not only have a strong construct validity (i.e., a strong theoretical 

foundation), but also a strong external validity. In case of the CIT, external validity involves 

generalizing results from the experimental setting to the forensic setting. This is especially 

important as the ultimate purpose of all CIT research is to have the test applied in the real-

world. Regrettably, the bulk of CIT studies were conducted under artificial laboratory 

settings, which bear little resemblance to real-life criminal situations. Hence, it is 

questionable whether such laboratory results can be generalized to a CIT conducted on 

actual suspects in real forensic settings.   

 The best approach to bridge the gap between the experimental and forensic setting 

is to conduct CIT field studies that examine real criminal suspects. Unfortunately however, it 

is extremely difficult to run methodologically sound field studies in this area. Mainly, there is 

no ground truth criterion and confessions can't be trusted as they might have been 

provoked by the test's outcomes (see Iacono, 1991). Specifically, when the test indicates the 
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possession of concealed knowledge, it may be used to pressure a suspect to confess. 

Consequently, until now, only three CIT field studies have been reported in the scientific 

literature. The first two field studies (i.e., Elaad, 1990; Elaad, Ginton, & Jungman, 1992) were 

conducted in the early 1990s and were based on criminal cases investigated by the Israeli 

police. These studies revealed that while the rate of false-positive errors is comparable to 

those found in the laboratory (between 2-5%), the rate of false-negative errors is much 

larger (between 20-42%). This high false-negative rate may, however, have been caused by 

the sub-optimal testing-conditions (e.g., small number of questions). In a more recent field 

study, Hira and Furumitsu (2002) examined CIT data from the Japanese police. Again, in spite 

of the improved testing conditions and the zero percent false-positive rate, a rather high 

false-negative rate was observed (26%). 

 An alternative approach to the external validity problem would be to create 

laboratory conditions that resemble realistic conditions where the CIT may be applied. 

Although this approach offers a number of advantages over field research (e.g., ground truth 

is known), it is challenging to imitate real-life conditions in the laboratory in view of ethical 

considerations. Consequently, several researchers have systematically manipulated different 

factors assumed to differentiate between the experimental and forensic setting. Two such 

factors are the timing of the CIT (i.e., either immediate or delayed) and the free choice to 

commit a mock-crime. While free choice (Nahari, Breska, Elber, klein Selle, & Ben-Shakhar, 

2017) had no effect on the outcomes of the CIT, a delayed CIT has been shown to reduce 

memory and differential responding to the critical items. However, this effect was mainly 

observed with peripheral items (features that are not directly related to the crime) rather 

than central items (Carmel, Dayan, Naveh, Raveh, & Ben-Shakhar, 2003; Gamer, Kosiol, & 

Vossel, 2010; Nahari & Ben-Shakhar, 2011). Another factor differentiating the experimental 

from the real-world setup is emotional arousal. Clearly, the degree of arousal experienced by 

typical experimental participants is not comparable to the high levels of arousal that real 

criminal suspects are expected to experience (see Verschuere, Meijer, & De Clercq, 2011). A 

number of previous studies have examined the influence of emotional arousal, either by 

manipulating the level of arousal experienced during the mock-crime (Peth, Vossel, & Gamer, 

2012), or by manipulating the level of arousal experienced during the CIT (Bradley & Janisse, 

1981; Kugelmass & Lieblich, 1966). These studies revealed similar detection efficiency under 
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low and high levels of arousal. However, none of these studies manipulated the arousal level 

and valence of the CIT items themselves. This is rather surprising as arousing and negative 

(i.e., emotionally-charged) stimuli are actually preferred by CIT practitioners due to their 

high memorability (Osugi, 2011). For example, in real-life murder cases in Japan, a core 

question relates to the modes operandi of the murder (e.g., By beating?.. By stabbing?.. By 

drowning?.. By strangling?.. By poisoning?..; see Osugi, 2011). As such emotional stimuli may 

influence both the differential responses in the CIT as well as memory, it is crucial to 

systematically investigate them in the laboratory. Hence, the third aim of the present 

dissertation is to examine whether emotional stimuli influence CIT detection efficiency. 

 

The Present Dissertation 

Years of research have established that the CIT is a valid tool for psychophysiological 

memory detection. However, although a variety of theories have been proposed, none of 

them can fully account for the differential responses to concealed items. Consequently, the 

first aim of the present dissertation is to build a more comprehensive theory of the CIT 

(Chapters 1 and 2). In Chapter 1 (the witness experiment), we examined CIT theory by 

manipulating the arousal inhibition factor. Specifically, participants were either motivated to 

conceal the crime-related items (i.e., suspect condition) or motivated to reveal the crime-

related items (i.e., witness condition). In Chapter 2 (the identity experiment) we (1) 

constructively replicated the witness experiment by using the autobiographical CIT, and (2) 

extended the witness experiment by testing an additional prediction derived from orienting 

theory, using an item-salience manipulation.  

 Further, as it is already known that the CIT can detect explicit memory, the second 

aim of the present dissertation is to examine whether the CIT can detect implicit memory 

(Chapter 3). In Chapter 3 (implicit memory experiments 1 & 2) we examined the implicit 

sensitivity of the CIT by creating, within participants, explicit and implicit memory for earlier 

learned information. Finally, as the bulk of CIT research is based on unrealistic laboratory 

studies utilizing neutral and non-arousing stimuli, the third aim of the present dissertation is 

to examine the influence of emotional stimuli on the outcomes of the CIT (Chapter 4). In 

Chapter 4 (emotion experiments 1 & 2) we assessed the effect of emotional stimuli on 
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detection efficiency by testing participants in the CIT on their knowledge of earlier studied 

emotional and neutral pictures. 

 Taken together, the present dissertation has three separate but related goals: it will 

define (1) the mechanisms underlying the CIT effect, (2) the sensitivity of the CIT to different 

types of memory (explicit and implicit), and (3) whether this applies to more realistic 

situations where the CIT stimuli may be arousing and negative. Consequently, it will 

(hopefully) contribute to a more elaborated comprehension of the CIT and the basic 

cognitive and emotional factors that are essential for the differential physiological 

responses. It will further elucidate whether the various autonomic measures are driven by 

the same or different mechanisms. Moreover, the present dissertation may also have 

practical implications as the differences in memory and arousal between the simulated and 

applied setups may affect the CIT's outcomes. Hence, it may help reduce the research-

practice gap and encourage the use of the CIT as an applied investigative tool instead of 

controversial detection methods (e.g., Iacono, 2011). 
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Abstract 

The Concealed Information Test (CIT) provides a valid tool for psychophysiological detection 

of concealed knowledge. However, its precise theoretical underpinnings remain a matter of 

debate. The differential physiological responses elicited by concealed, relevant items, 

relative to control items, were traditionally explained as reflecting an Orienting Response 

(OR). According to an alternative account, these responses reflect attempts to inhibit arousal. 

The present study examined whether and to what extent CIT detection efficiency is affected 

by instructions aimed at manipulating Arousal Inhibition (AI). One hundred and forty-eight 

undergraduate students completed a CIT, while electrodermal, cardiac, and respiratory 

measures were recorded. Half of the participants were requested to imagine that they are 

suspected of committing a crime and were motivated to avoid detection (presumably 

eliciting both OR and AI), while the other half were requested to imagine that they are 

witnesses of a crime and were motivated to be detected (presumably eliciting OR only). All 

participants were further requested to remain silent throughout the test. In both conditions, 

concealed items led to a similar increase in skin conductance as compared to the control 

items. However, the typically observed heart rate deceleration and respiratory suppression 

were found in suspects, but not in witnesses. These data imply that different mechanisms 

drive the responding of different psychophysiological measures used in the CIT, with skin 

conductance reflecting OR, and heart rate and respiration primarily reflecting AI. 

 

Descriptors: Concealed Information Test (CIT), orienting response (OR), arousal inhibition 

(AI), skin conductance response (SCR), respiration line length (RLL), heart rate (HR) 
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The Concealed Information Test (CIT), first introduced by Lykken (1959) as the Guilty 

Knowledge Test, utilizes physiological responses to detect the presence of crime-related 

information in memory. In a typical CIT, examinees are presented with a series of multiple 

choice-like questions, each designed to examine suspects' knowledge of a distinctive crime 

detail assumed to be known only to individuals involved in the crime (e.g., perpetrator, 

victim) and the investigative authorities. For each question, this critical feature of the crime 

(i.e., the relevant item) is intermixed among several plausible control items (e.g., Was the 

murder weapon a knife? a pair of scissors? a screwdriver? an ice pick? a fork?). An innocent 

(unknowledgeable) suspect will not be able to differentiate between the different 

alternatives and is therefore expected to show similar physiological responses to all items. A 

guilty suspect, however, will recognize the relevant alternatives and will show differential 

physiological responses to these items (i.e., the CIT effect). 

 Orienting response (OR) theory has been the predominant approach to explain the 

CIT effect (e.g., Ben-Shakhar, 1977; Lieblich, Kugelmass, & Ben-Shakhar, 1970; Lykken, 1974). 

The OR is manifested by physiological and behavioral responses in reaction to external novel 

stimuli. Consequently, when a stimulus is presented repeatedly, its novelty value declines 

and the OR gradually habituates (Lynn, 1966; Sokolov, 1963). Importantly, an enhanced OR 

occurs when the stimulus holds a special significance to a subject (Sokolov, 1963). Lykken 

(1974) was the first to realize that this quality of ORs enables one to identify "knowledgeable 

suspects". Returning to our previous example, the true murder weapon (e.g., an ice pick) will 

be significant solely to the perpetrator and will therefore elicit a stronger OR than the other 

alternatives (e.g., a knife, a pair of scissors, a screwdriver, a fork). OR theory can explain 

many observations (see a review by Verschuere & Ben-Shakhar, 2011). First and foremost, 

compared to the control items, the relevant items typically elicit a pattern of enhanced 

responding that characterizes OR to significant stimuli: a larger skin conductance response 

(SCR), a shorter respiration line length (RLL), and slower heart rate (HR; e.g., Gamer, 2011). 

Second, physiological responding to relevant CIT items has two important OR characteristics, 

namely, habituation and generalization (e.g., Balloun & Holmes, 1979; Ben-Shakhar, Frost, 

Gati, & Kresh, 1996). 

 A number of empirical findings from CIT experiments are, however, not adequately 

explained by OR theory. First, different CIT measures (SCR, RLL, and HR) neither correlate 
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across subjects (Gamer, Verschuere, Crombez, & Vossel, 2008) nor within subjects across CIT 

questions (Gamer, Godert, Keth, Rill, & Vossel, 2008). Second, several studies have shown 

that HR and RLL, unlike SCR, are relatively resistant to habituation (e.g., Barry, 1977; Ben-

Shakhar & Elaad, 2002; Elaad & Ben-Shakhar, 1997; Gamer, Godert et al., 2008). Finally, HR 

deceleration evoked by the relevant CIT items may last for 15 s, whereas, according to OR 

theory, HR should decelerate 1–5 s after onset of the OR-eliciting stimulus and then return 

to baseline (Richards & Casey, 1992). To explain this lack of convergence (i.e., fractionation) 

between the different physiological measures, it has been hypothesized that the different 

measures are driven by different mechanisms (e.g., Ambach, Stark, & Vaitl, 2011; Barry, 

1996, 2006, 2009; Bradley, 2009). In other words, each physiological measure might reflect a 

different subprocess of the CIT.  

 Recognition of OR theory's weaknesses has led researchers to examine the 

contribution of other cognitive processes to the physiological responding in the CIT. For 

example, Verschuere, Crombez, Koster, Van Bockstaele, and De Clercq (2007) investigated 

the CIT's underlying mechanisms by using a startle eyeblink paradigm. The authors reasoned 

that orienting to stimuli enhances startle modulation when long lead intervals are used. 

Based on OR theory, they therefore anticipated enhanced startle modulation to crime 

pictures in comparison to control pictures. The startle data, however, showed reduced 

rather than enhanced startle modulation to crime pictures, leading the authors to conclude 

that, besides orienting, inhibition of the physiological responses also contributed to the CIT 

effect. Two additional experiments by Verschuere et al. (2007) supported the proposed role 

of inhibition. Importantly, the inhibition account can explain both the relative resistance of 

the cardiopulmonary measures (HR and RLL) to habituation and the prolonged HR 

deceleration observed in CIT studies. 

 Miyake et al. (2000) defined inhibition as the executive function that allows one to 

deliberately, and intentionally, inhibit a dominant automatic or prepotent response. 

Accordingly, in the CIT context, inhibition can refer to either (a) response inhibition (RI), 

which targets the behavioral component of the response; or (b) arousal inhibition (AI), which 

targets the physiological component of the response. Pennebaker and Chew (1985) further 

suggested that inhibition requires effort, which in turn results in physiological costs. It 

follows that inhibition might counterintuitively contribute to the typical physiological CIT 
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pattern by enhancing the responses to the relevant CIT items. An influential account of 

deceptive behavior proposed that deception involves the inhibition of the prepotent truth 

response (Spence et al., 2001). Specifically, it has been assumed that the truth is activated 

automatically, and, consequently, individuals motivated to deceive face a conflict, which is 

resolved by inhibition of the truthful response. Although the CIT is not a test of deception, it 

was reasoned that the denial of relevant-item knowledge causes a conflict between the 

truthful and the required deceptive response, which is resolved by inhibiting the former 

response (Seymour & Schumacher, 2009; Verschuere & De Houwer, 2011). Response 

inhibition has been indicated to play a role in the CIT based on reaction time (Suchotzki, 

Verschuere, Peth, Crombez, & Gamer, 2014) and fMRI measures (e.g., Gamer, 2014; Gamer, 

Bauermann, Stoeter, & Vossel, 2007; Langleben et al., 2002; Phan et al., 2005), but it 

remains unclear whether it plays a role in the autonomic-based CIT (see Ambach, Stark, 

Peper, & Vaitl, 2008a; Ambach et al., 2011). Indeed, meta-analytic studies have 

demonstrated that similar CIT effects were observed with the SCR measure when subjects 

responded deceptively to the relevant items and when they remained silent and did not give 

any overt responses (Ben-Shakhar & Elaad, 2003; Meijer, klein Selle, Elber, & Ben-Shakhar, 

2014). Still, it can be argued that even in the silent condition, subjects motivated to conceal 

the relevant information implicitly inhibit the truthful response. While the role of RI is 

debatable, attempts to inhibit the physiological arousal associated with the relevant items in 

order to avoid detection characterize individuals motivated to conceal the relevant 

information. Consequently, the present study focuses on the AI component, and, when 

addressing inhibition, we refer primarily to the inhibition of experienced physiological 

arousal.  

 Indirect support for the contribution of arousal inhibition to the CIT effect comes 

from the emotional response modulation literature. These studies demonstrated that 

participants who were requested to inhibit (i.e., suppress) their emotional responses showed 

increased SCRs and HR deceleration, while respiration measures (respiration depth or 

period) were generally unaffected (e.g., Demaree et al., 2006; Gross & Levenson, 1993, 

1997). Most of the response modulation research, however, focused on either experiential 

or expressive suppression, and only one study (Dan-Glauser & Gross, 2011) directly 

compared the effects of expressive and physiological suppression. The results revealed a 



CHAPTER 1 
 

28 
 

strong overlap between the two inhibition strategies in terms of their effects on autonomic 

responses; in both cases, inhibition led to a decrease in cardiovascular (e.g., HR) and 

respiratory activity. Importantly, these findings overlap with the typically observed decrease 

in cardiac and respiratory activity in response to the relevant CIT items. Other research has 

also shown that voluntary control of cardiopulmonary measures can be successfully 

achieved (e.g., Bell & Schwartz, 1975; Ley, 1999; Victor, Mainardi, & Shapiro, 1978). 

 Some CIT studies have attempted to directly manipulate the inhibition factor (e.g., 

Verschuere et al., 2007). Gustafson and Orne (1965) made a first attempt by comparing the 

commonly used deceive condition, in which participants are motivated to avoid detection, 

with an additional detected condition in which participants were motivated to be detected. 

Participants also received feedback between two successive CIT trials and were detected 

significantly less with the electrodermal measure on the second trial when feedback was 

incompatible with their perceived roles (e.g., detected by the machine when motivated to 

avoid detection). Although it is likely that participants' failure on the first trial increased their 

motivation on the second trial, it is unclear whether this result was moderated by inhibition. 

Subsequent studies using motivational instructions also found little support for the role of 

inhibition. Horvath (1979) examined the differential effects of two opposing motivational 

states (i.e., motivated to be detected and motivated to avoid detection) using a card-test 

paradigm. Although SCR detection efficiency was higher for subjects trying to be detected, it 

was highly similar to that of a nonmotivated group in Horvath (1978), which suggests that 

SCR detection efficiency is not contingent on the need for inhibition. Zvi, Nachson, and Elaad 

(2012) examined the influence of the state of mind (coping or cooperative) of guilty and 

informed innocent participants on the outcomes of the CIT. The results indicated that both 

coping behavior and guilt contributed to the enhanced SCRs to relevant information (no 

effect for RLL and finger pulse wave length). The enhanced SCRs were explained as reflecting 

a higher defensive motivation and attempts to inhibit arousal in the coping condition. A 

subsequent study (Elaad, 2013), which included only informed innocents, found similar 

results: coping instructions and an incentive for success were related to enhanced SCRs to 

the relevant information. Importantly, however, even in the cooperative conditions of both 

studies, inhibition might have played a role since all participants shared the common goal of 
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proving their innocence. Hence, it is difficult to say which mechanism caused the differential 

findings.  

Matsuda, Nittono, and Ogawa (2013) used a novel CIT design in which participants 

received two CITs: one for an item they had to conceal, and one for an item they saw being 

revealed to the experimenter. The authors reasoned that the disclosure of the critical item 

removed the need to inhibit responses to this item. Only respiration and the late positive 

potential showed the expected effect of concealment, while the SCR, HR, and two ERP 

components (N2 and P3) showed no effect. However, given the nature of the CIT, it is 

unclear whether the disclosure manipulation successfully eliminated all attempts to inhibit 

responses.  

Finally, Ambach, Stark, Peper, and Vaitl (2008b) examined the effect of overt 

de eptio  o  the CIT s out o es  requiring their participants to answer either deceptively 

or truthfully 4 s after item presentation (see also Verschuere, Crombez, Smolders, & De 

Clercq, 2009). Specifically, participants were motivated through the promise of a reward to 

perform the CIT task as well as possible. While one group was instructed to deny their 

k o ledge a d press the o  ke  to all CIT ite s, the other group as i stru ted to a s er 

truthfull  a d press the es  ke  to all CIT items. The authors found the CIT effect to 

disappear in the truth condition for the HR and RLL measures. While the SCR measure 

differentiated between the relevant and the control items in both conditions, the SCR effect 

was stronger in the lie condition than in the truth condition. However, although the delayed 

answering method cleverly distinguished between deceptive and orienting processes, we 

believe there are two key limitations to the experimental design. First, as Ambach et al. 

(2008b) indicated, the differential response (yes vs. no) in the two conditions might have 

acted as a confound and influenced the physiological responses. Second, although all 

participants were motivated to perform well, performing well in the truth condition was 

defined as a s eri g as orre tly as possible to all questions.  As the instructions only 

referred to the required behavioral response, there is a possibility that some participants in 

the truth condition might have interpreted the interrogation task as a polygraph experiment, 

and consequently might have attempted to inhibit their responses (see Rosenfeld, Hu, & 

Pederson, 2012; Verschuere, Rosenfeld, Winograd, Labkovsky, & Wiersema, 2009, for P300 

studies). Thus, although some studies (see also Verschuere, Crombez, & Koster, 2004) 
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manipulated the factor of response inhibition, they did not fully isolate this factor as 

different confounding variables (e.g., motivation, verbal response) were present in their 

experimental designs. 

The foremost aim of this study was to set up a manipulation designed to isolate the 

OR factor by neutralizing the AI factor. This was accomplished by contrasting two conditions: 

a suspect condition, where participants were motivated to avoid detection, and a witness 

condition, where participants were motivated to be detected. Unlike previous studies, only 

one of the experimental conditions (i.e., suspect) was expected to create the need for 

inhibition. Specifically, half of the participants were requested to imagine that they are 

suspected of committing a crime and were motivated to successfully conceal the relevant 

items and avoid detection (OR and AI), while the other half was requested to imagine that 

they are witnesses of a crime and were motivated to successfully reveal the relevant items 

and to be detected (OR only). I porta tl , our a ipulatio  as dire ted at parti ipa ts  

oti atio , here  suspe ts  a d it esses  are si pl  la els o e i g the i du ed 

motivational state. Under these conditions, witnesses welcomed the enhanced arousal 

elicited by the relevant items. Consequently, they oriented to the significant, recognized 

items but there is no reason to believe that they tried to inhibit their physiological responses. 

Furthermore, to avoid a possible confounding effect of overt deception, no behavioral or 

verbal response to the relevant items was required. It is important to emphasize that the 

witness condition in the present proposal differs drastically from the informed innocent 

condition applied in many previous CIT studies (see Bradley, Barefoot, & Arsenault, 2011, for 

a review). Although both informed innocents and witnesses possess the relevant 

information, informed innocents are typically motivated to conceal their knowledge and to 

appear innocent, whereas in the current study, witnesses were actually motivated to be 

detected. 

Because AI is expected to be present only in suspects, the inhibition theory would 

predict larger differential responses to the relevant items in the suspect than in the witness 

condition. On the other hand, the OR theory would predict no difference between these two 

conditions, given that OR is expected in both suspects and witnesses. Based on the idea of 

response fractionation (Barry, 1996, 2006, 2009; Bradley, 2009), we hypothesized that the 

various physiological measures will be differentially affected by our experimental 
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manipulation. Specifically, we expected to find an interaction between the experimental 

conditions (suspect vs. witness) and the physiological measures, such that the SCR, which is 

considered as a pure OR index (e.g., Barry, 1996, 2006, 2009) will be unaffected by the 

manipulation, while both RLL and HR will lose some of their discriminative power in the 

witness condition where no inhibition is called for.  

 

Method 

Participants 

One hundred and forty-eight undergraduate students (94 women) of the Hebrew 

University of Jerusalem with an age range of 18–36 (M = 24.2 SD = 2.9 years) participated in 

this study. Most of the participants were psychology students, and all of them were native 

speakers of Hebrew and received either course credits or an average payment of 35 NIS 

(equivalent to approximately 10 USD) for their participation. Each participant read and 

signed a consent form indicating that participation was voluntary and that they could 

withdraw from the experiment at any time without penalty. 

 

Data Acquisition and Reduction 

The experiment was conducted in an air-conditioned laboratory. The apparatus 

included a HP Compaq DC 5800 Microtower computer that was used to control stimulus 

presentation and compute skin conductance, respiration, and heart rate.  

 Electrodermal activity was recorded using a constant voltage system (0.5 V ASR Atlas 

Researches, Hod Hasharon, Israel), two Ag/AgCl electrodes (0.8 cm diameter) filled with a 

0.05 M NaCL electrolyte (TD-246, Discount Disposables) and an A/D (NB-MIO-12) converter 

with a sampling rate of 50 Hz. Electrodes were placed on the distal phalanges of the left 

index and left ring finger. SCRs were defined as the maximal increase in conductance 

obtained from 1–5 s after stimulus onset.  

 The electrocardiogram (ECG) was recorded by placing three Ag/AgCl electrodes filled 

with an electrode paste in a standard Einthoven lead I configuration: one electrode attached 

to the distal phalange of the left index finger (i.e., one of the SCR electrodes), one electrode 

attached to the right wrist, and the ground electrode attached to the left wrist. The ECG 

signal was sampled at 500 Hz, digitized at 12-bit resolution, and filtered using a band-pass of 
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0.5–35 Hz. Matlab was used to detect the R peaks, calculate the distance between them, and 

apply a semiautomatic artefact detection and rejection procedure (similar to, e.g., De Clercq, 

Verschuere, De Vlieger, & Crombez, 2006). Prior to analysis, the interbeat intervals were 

converted to HR in beats per minute (bpm) per real-time epoch (1 s). These second-by-

second poststimulus HR values were baseline-corrected by subtracting the average HR value 

in the 3 s preceding stimulus onset (i.e., the prestimulus baseline value), resulting in 15 

poststi ulus differe e s ores ΔHR . The a erage of all ΔHR s ores has ee  fou d to 

outperfor  the i i u  of all ΔHR s ores as a dete tio  easure Ga er, Vers huere et al., 

2008) and was therefore the preferred statistic when analyzing the data. 

 Respiration was recorded using a pneumatic tube positioned around the thoracic 

area. Respiration responses were defined on the basis of the total RLL, which is a composite 

measure of respiratory amplitude (depth of breathing) and respiratory cycle (rate of 

breathing), during the 13-s interval following stimulus onset. Following Elaad, Ginton, and 

Jungman (1992), we defined each response as the mean of 10 length measures (0.1 s after 

stimulus onset through 13.1 s after stimulus onset, 0.2 s through 13.2 s after stimulus onset, 

etc.). In other words, 10 13-s windows were created, each beginning 0.1 s later than the 

previous window, and the RLL was defined as the mean of the 10 length measures computed 

for the 10 windows.  

For all three measures, individual responses were removed if excessive movements 

were made during the measurement window or if the response was an outlier (Z score larger 

than 5 or smaller than -5). Further, participants whose standard deviation of raw SCR scores 

was below 0.01 µS
1
 were considered to be skin conductance nonresponders (approximately 

25% of the normal population does not show measurable SCRs to orienting stimuli, as 

reported by Venables & Mitchell, 1996), and their SCR data was eliminated from all analyses.  

 Due to individual differences in physiological responsiveness and baseline activation, 

within-subject standard scores were calculated for each physiological channel separately 

(Ben-Shakhar, 1985). Further, considering that several physiological measures (especially 

SCR) are sensitive to habituation, the standard scores were computed for each item within a 

                                                 
1
 Rather than determining non-responsivity based on the average SCR (e.g., Venables & Mitchell, 1996), we 

chose the variance criterion for two reasons: (1) it eliminates individuals who show no variability in their 

responses across items; and (2) it does not eliminate individuals who display small responses to most items, but 

may still show differential responses to the relevant items. 
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block of three questions. Thus, the within-subject standard scores were computed by 

subtracting the mean of all responses to both control and relevant items within each block 

of questions (buffer and catch items were excluded from the standardization) from each 

individual raw response and dividing this difference by the respective standard deviation 

(see Ben-Shakhar & Elaad, 2002; Elaad & Ben-Shakhar, 1997). Each block contained a total of 

30 items (6 relevant and 24 control items), and consequently the Z scores in this study were 

computed relative to the mean and standard deviation of the examinees' responses to these 

30 items. A detection score was created by averaging the Z scores of all 12 relevant items for 

each participant. 

 

Procedure 

All participants came to the laboratory and were allocated to either the suspect or 

the witness condition. Experimenter 1 read the same fictional newspaper article (see 

Appendix A), describing a burglary, to both suspects and witnesses. The article familiarized 

participants with all relevant items that were used in the subsequent CIT. Five versions of 

the article were used such that each version described a different set of six relevant items 

(see Appendix B for a description of the relevant sets). Except for the variation in relevant 

items, all five versions were identical and were randomly assigned to participants, such that 

each of the five item-sets served as the relevant set for 20% of the participants in each 

condition. The four other sets of items served as control items in the CIT. In this manner, 

each item served both as a relevant and as a control item across subjects, thereby 

eliminating potential biasing effects.  

Participants were asked to envision the described situation and identify with their 

assigned role: suspects were told to imagine that they executed the burglary and witnesses 

were told to imagine that they saw the burglary happen. After the examiner had read out 

the article, all participants were requested to take a few minutes to carefully read the article 

by themselves. In order to prevent differences in explicit memory between the two groups, 

all participants received a short questionnaire testing their knowledge of the critical items 

before continuing to the CIT. Experimenter 2, who was unaware of the specific item set used, 

attached the SCR and HR electrodes as well as the RLL band and conducted the CIT 

examination.  
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 The CIT - Participants in both conditions were reminded about their assigned roles 

(suspect vs. witness) and informed of the basic principles of the CIT. More specifically, 

participants were informed that their physiological responses would change when they 

recognize the information related to the crime. Participants imitating suspects were 

motivated to avoid detection and promised a bonus of 10 NIS (about 3 USD) as an incentive 

for a successful concealment of the relevant crime items (i.e., come out as innocent). 

Participants imitating witnesses were motivated to be detected and were promised a bonus 

of 10 NIS as an incentive to help the examiners identify the relevant crime details. The bonus 

was paid when the average SCR Z score, computed across all relevant items in the two blocks 

(i.e., SCR detection score), was below 0.1 for suspects or above 0.1 for witnesses. All 

participants were further requested to remain silent throughout the entire CIT.  

Following an initial rest period of 2 min, participants were presented with six CIT 

questions targeting different features of the crime described in the newspaper article. The 

order of these questions was randomly determined. To maintain participants' attention, a 

short break was inserted after three questions. Each question was presented on the 

computer monitor for 10 s and at the same time played through the computer's 

loudspeakers. Following question presentation, the different items appeared for 5 s each, 

with an interstimulus interval of 10–14 s (Breska, Maoz, & Ben-Shakhar, 2011). The first item 

was always a neutral, buffer item designed to absorb the initial orienting response. Next, 

two repetitions of six items were presented in a random order: the relevant item, four 

control items, and one catch item. Catch items (see Appendix B) also referred to as target 

items in the CIT literature, were included as an extra means of assuring that participants' 

attention remained focused on the items presented (see also Verschuere, Crombez, 

Degrootte, & Rosseel, 2010). Each catch item was denoted under the question itself, and 

participants were instructed to press the left mouse button as quickly as possible when 

identifying the catch item among the presented answer items. No further button presses 

were required. In sum, participants were presented with 6 questions × 13 items (1 buffer, 2 

relevant, 8 control, and 2 catch items), totaling 78 items.  

Following the CIT, a multiple-choice recognition memory test was administered to 

examine whether participants recognized the relevant items. The memory test consisted of 

the same six questions used in the CIT; however, all possible answer items were presented 
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simultaneously. Following this memory check, participants were asked to rate the valence, 

significance, and arousal level of all six relevant items and six randomly chosen control items 

(one from each question). These ratings were obtained to examine whether the relevant 

items carried the same importance for participants imitating suspects as for participants 

imitating witnesses. Then, participants were asked to rate their level of motivation during 

the experiment and, although not instructed to, whether and what kind of countermeasures 

they applied. Finally, all participants were debriefed and compensated for their participation 

in the experiment.  

 

Data Analysis 

As concealed information is associated with cardiac and respiratory suppression, the 

RLL and HR Z scores were multiplied by -1 prior to analysis. A preliminary Condition (suspect 

vs. witness) × Item Type (relevant vs. control) × Poststimulus Second (1 through 15) mixed 

three-way analysis of variance (ANOVA) was performed on the raw HR data to obtain a clear 

view of how the heart rate pattern develops with time. For the main analysis, a mixed 2 × 3 

ANOVA, with condition (suspect vs. witness) as a between-subjects factor and response type 

(SCR, RLL, and HR) as a within-subject factor, was performed on the standardized 

physiological data. This was followed by two sets of orthogonal planned contrasts, which 

were designed to examine more closely the main effect of response type and its interaction 

with condition. The first main effect contrast compared SCR to the average RLL and HR and 

the second main effect contrast compared RLL and HR. The second set of (interaction) 

contrasts followed a similar pattern, but compared the physiological response differences 

between suspects and witnesses. A rejection region of p < .05 was used for all statistical 

tests, and Cohen's ƒ values were computed as effect size estimates (Cohen, 1988). According 

to Cohen (1988), the values of f = 0.1, f = 0.25, and f = 0.40 correspond to small, medium, 

and large effects, respectively.  

 In addition, CIT detection efficiency was evaluated using measures derived from 

Signal Detection Theory (SDT; e.g., Green & Swets, 1966; Swets, Tanner, & Birdsall, 1961). 

SDT is particularly useful for analyzing psychophysiological detection data, and it has been 

applied extensively in the area of memory detection (e.g., Ben-Shakhar & Elaad, 2003; 

National Research Council, 2003). SDT measures are typically derived by comparing the 
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detection score distribution of knowledgeable (guilty) individuals (in this case, either 

suspects or witnesses) with the detection score distribution of unknowledgeable (innocent) 

individuals. Two measures of detection efficiency can be derived from this comparison: first, 

Cohe s d, which expresses the standardized difference between the means of two 

detection score distributions, where d of 0.20, 0.50, and 0.80 are considered as small, 

moderate, and large effects, respectively (Cohen, 1988); and second, the area under the 

Receiver Operating Characteristic (ROC) curve, which describes the detection efficiency of 

the CIT across all possible cutoff points on the detection score and varies between 0 and 1, 

with a chance level of 0.5.  

As a sample of unknowledgeable (innocent) participants was not included in the 

present study, the expected detection score distribution among unknowledgeable 

participants was simulated using the method proposed by Meijer, Smulders, Johnston, and 

Merckelbach (2007). This simulation procedure depends on the assumption that the relevant 

items have no special meaning for unknowledgeable individuals, and, therefore, there is no 

reason to expect that they would elicit systematically different responses. Since all 

responses were standardized within individuals, the responses of unknowledgeable 

participants to the individual relevant items have a mean of zero and a unit standard 

deviation. Consequently, the average of these standardized responses will have a mean of 

zero and a standard deviation of 1 divided by the square root of the number of questions or 

repetitions used for generating the detection score. In the present experiment, the 

detection scores were computed as an average of 12 relevant items (six relevant items 

repeated twice). In addition, it is assumed that these responses have a normal distribution, 

and, therefore, the simulated detection score distribution among innocents was created by 

taking random samples n (either nsuspects or nwitnesses) from a normal distribution; N , /√ . 

Then, we compared these simulated distributions with the empirical detection score 

distributions obtained for the suspects and witnesses and computed Cohen's d, and the area 

under the ROC curve. This process was repeated 10,000 times for each physiological 

measure in each condition, and the mean d value and area, as well as the 95% confidence 

interval (CI) of the area across the 10,000 repetitions, were computed.  

The justification of this simulation method was recently examined by Meijer et al. 

(2014). These researchers applied simulations on 16 data sets from studies that used 
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samples of unknowledgeable participants and compared the outcomes of the simulations 

with those reported in the original studies. The comparisons showed no systematic 

differences between the outcomes of the two methods, thus providing empirical validation 

for the use of the simulations to estimate the responses of unknowledgeable examinees.   

 

Results 

Data of one participant were excluded from analysis because of non-compliance with the 

instructions, and skin conductance data of 30 participants (20%) were removed due to 

nonresponsivity. Furthermore, heart rate data of eight participants and memory data of the 

first 56 participants were lost due to technical issues. We started to obtain the subjective 

arousal, valence, and significance ratings from the 26th participant and lost the data of two 

participants due to technical issues; therefore, there are 27 missing values for these ratings. 

Thus, while sample size varies between 92–139 for the different analyses, all analyses of the 

three physiological measures were based on data of at least 109 participants. For the 

remaining participants, 4% of all SCRs, 1% of all RLL, and 4% of all HR responses to the 

individual stimuli were removed due to excessive movements and outliers. 

 

Memory, Countermeasures, and Subjective Responses 

A marginally significant difference in the number of correctly remembered relevant 

items (scores ranging from 0–6) was found between the suspect (M = 5.87) and witness 

conditions (M = 5.98), t(90) = -1.99, p = .05, d = -.42; nonetheless, participants from both 

conditions remembered details nearly perfectly. 

 Thinking "exciting" thoughts to specific items was the preferred countermeasure 

across all subjects (suspects: 27%, witnesses: 26%). Another frequently used 

countermeasure was the intentional distortion of respiratory rate or depth (suspects: 12%, 

witnesses: 15%). Finally, some subjects silently recited the items in their head (suspects: 6%, 

witnesses: 16%).  

 Table 1 shows the mean subjective rating scores (significance, valence, and arousal) 

of the relevant and control items in each condition. Each of the subjective rating scores was 

submitted to a Condition (suspect vs. witness) × Item Type (relevant vs. control) mixed 

measures ANOVA. A main effect of item type was observed for both the significance, 
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F(1,119) = 586.05, ƒ = 1.55, p < .001, and arousal, F(1,119) = 364.58, ƒ = 1.23, p < .001, ratings, 

indicating higher significance and arousal level for the relevant items compared to the 

control items. No main effects of condition (significance: F(1,119) = .00, p = .955; arousal: 

F(1,119) = .18, p = .671) and no interaction effects were found for these ratings (significance: 

F(1,119) = 1.60, p = .208; arousal: F(1,119) = .28, p = .597). For the valence ratings, a 

significant interaction effect of condition and item type was observed, F(1,119) = 19.51, ƒ 

= .28, p < .001. Follow-up paired sample t tests revealed that suspects significantly rated the 

relevant items as less pleasant than the control items, t(59) = -2.78, p = .007, d = -.50, 

whereas witnesses rated the relevant items as more pleasant than the control items, t(60) = 

3.47, p = .001, d = .60. 

 

Table 1. Mean Subjective Rating Scores of the Relevant and Control Items in Suspects and 

Witnesses 

 

 

Physiological Measures 

A preliminary 2 × 2 × 15 mixed three-way ANOVA was performed on the second-by-

second ra  ∆HR data, with condition (suspect vs. witness) serving as a between-subjects 

factor and both item type (relevant vs. control) and poststimulus second (1–15) as within-

su je t fa tors. Most i teresti gl , after orre ti g for spheri it  ε = . , a significant 

Category N Mean (SD) 

relevant items 

Mean (SD) 

control items 

Significance    

    Suspect  60 7.20 (1.40) 2.43 (1.44) 

    Witness 61 7.47 (1.74) 2.18 (1.40) 

Valence    

    Suspect 60 3.98 (1.49) 4.72 (1.49) 

    Witness  61 5.08 (1.64) 4.16 (1.44) 

Arousal    

    Suspect 60 6.67 (1.71) 3.06 (1.50) 

    Witness     61 6.68 (1.89) 2.87 (1.23) 
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interaction between the factors condition, item type, and poststimulus second was found, 

F(14,1918) = 5.29, ƒ = .12, p < .001. This interaction was further examined by performing, 

within each experimental condition, a 2 × 15 ANOVA with item type and poststimulus second 

as within-subject factors. In the suspect condition, in addition to two significant main effects 

for item type, F(1,67) = 58.70, ƒ = .17, p < .001, and poststimulus second, F(14,938) = 46.90, ƒ 

= .56, p < .001, a significant interaction between item type and poststimulus second was 

observed, F(14,938) = 11.09, ƒ = .26, p < .001, indicating larger HR deceleration to the 

relevant than to the control items. In the witness condition, on the other hand, no 

statistically significant item type effect was observed, F(1,70) = .12, p = .73, but a significant 

main effect of poststimulus second, F(14,980) = 26.37, ƒ = .41, p < .001, and a significant 

interaction between item type and poststimulus second were observed, F(14,980) = 2.67, ƒ 

= .10, p = .02. Looking at Figure 1b, there seems to be a difference in HR between the 

relevant and control items for seconds 6–9 (i.e., larger deceleration to relevant than to 

control items) and for seconds 13–15 (i.e., larger deceleration to control than to relevant 

items). Follow-up paired sample t tests on both the 6–9 s period, t(70) = -1.55, p = .13, d = -

.24, and the 13–15 s period, t(70) = 1.83, p = .07, d = .35, were not statistically significant. 

These results reveal that, although the relevant and control items showed a somewhat 

different trend in the ∆HR data, they produced similar HR deceleration across the entire 15 s 

(see Figure 1a,b). 

 

 

 

Figure 1. HR change to relevant and control items of suspects (a) and witnesses (b). 
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A mixed 2 × 3 ANOVA with condition (witness vs. suspect) as a between-subjects factor and 

response type (SCR vs. RLL vs. HR) as a within-subject factor was performed to analyze the 

standardized responses to relevant items (see Figure 2). After orre ti g for spheri it  ε 

= .78), the mixed measures ANOVA revealed a significant main effect of condition, F(1,107) = 

62.15, ƒ = .43, p < .001, indicating larger average relative responses to the relevant items in 

the suspect than in the witness condition. In addition, a significant main effect of response 

type, F(2,214) = 39.05, ƒ = .48, p < .001, along with a significant interaction of Condition × 

Response Type were found, F(2,214) = 11.45, ƒ = .25, p < .001. 

 

  
 

Figure 2. Standardized mean skin conductance response, respiration line length, and heart 

rate to relevant items of suspects and witnesses. 

 

The main effect of response type and its interaction with condition were further examined 

using two sets of planned contrasts. The first main effect contrast revealed a statistically 

significant difference between SCRs and cardiopulmonary responses (RLL and HR) across the 

two conditions, t(214) = 7.62, ƒ = .59, p < .001, indicating that the SCR measure was 

associated with larger relative responses to the relevant items, as compared with the other 

two measures. The second main effect contrast revealed no statistically significant 
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difference between the RLL and HR responses across conditions, t(214) = -1.22, p = .223. The 

first interaction contrast revealed that the difference between SCR and the mean of RLL and 

HR responses was significantly larger in the witness than in the suspect condition, t(214) = -

3.80, ƒ = .29, p < .001. This result reflects the fact that witnesses did not display the typically 

observed HR and RLL suppression in response to the relevant items. An additional 

interaction contrast revealed a significant difference in RLL versus HR responses between 

conditions, t(214) = 1.72, ƒ = .09, p = .003, reflecting the fact that the RLL average Z score was 

larger than the HR among suspects, but lower among witnesses. 

 Signal Detection Analysis. In order to analyze detection efficiency of classifying 

individuals as knowledgeable (guilty) versus unknowledgeable (innocent), we compared the 

detection score distribution of each physiological measure in each condition with the 

expected detection score distribution among simulated innocents. For each of the six 

comparisons, we computed Cohen's d and the ROC area as well as their respective 95% 

confidence intervals. These results, which are displayed in Table 2, reveal that detection 

efficiency with the SCR measure was significantly larger than a chance area of 0.50 for both 

suspects and witnesses, with almost identical ROC areas in the two conditions (0.85 and 0.83, 

respectively). In contrast, both RLL and HR produced a statistically significant ROC area only 

for suspects. A comparison of the areas obtained in the suspect and the witness conditions 

revealed a statistically significant difference for the RLL, Z = 5.98, p < .001, and the HR, Z = 

4.38, p < .001, but not for the SCR, Z = .35, p = .37. Unexpectedly, the ROC area for the RLL 

measure in the witness condition was significantly smaller than a chance area of 0.50 (i.e., 

larger RLLs were elicited by the relevant items, compared to the neutral items).
2
 Importantly, 

similar to the responses elicited by relevant items in the witness condition, the SCR 

increased, the RLL lengthened, and the HR of witnesses did not change in response to catch 

items (see Table 2); for suspects, the HR slightly increased in response to catch items, t(67) = 

2.44, p = .017, d = .30. 

 

                                                 
2
 It is important to note that the RLL lengthening remained after disqualifying participants who indicated to 

have used respiratory countermeasures during the CIT (Mall = -0.21, MnoCountermeasures = -0.12). The difference 

between the average RLL of all "witnesses" and the average RLL of "witnesses" who used no countermeasures 

was not statistically significant, t(61) = 1.49, p = .142, d = 0.17.   
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Table 2. Standardized Means (SDs) of the Physiological Responses to Relevant and Catch 

Items in Suspects and Witnesses; Effect Size (d) and Area Under the ROC Curve (a) with 95% 

CIs 

 

Note. The d and a values were computed by comparing the detection score distribution of either 

suspects or witnesses with a simulated distribution of innocents. 

 

Discussion 

To advance the theoretical underpinnings of the CIT, the present study investigated whether 

different cognitive mechanisms drive the responding of different psychophysiological 

measures. By contrasting two opposing motivations, using the classic suspect condition 

(where participants were motivated to avoid detection) and our novel witness condition 

(where participants were motivated to be detected), we assessed the roles of orienting and 

inhibition processes in the physiological responses to relevant crime details. The typically 

observed CIT response pattern (Gamer, 2011) – namely, an increased SCR, a shorter RLL, and 

HR deceleration – was replicated as expected in the suspect condition, but not in the witness 

condition. Specifically, our motivational manipulation did not influence CIT detection 

efficiency with the SCR measure, but it did affect detection efficiency when using 

cardiopulmonary (i.e., HR and RLL) measures, showing that the SCR measure reflects 

orienting processes, while both the RLL and HR primarily reflect inhibition processes. This 

Category N Mean Z score 

(SD) relevant 

items 

Mean Z score 

(SD) catch items 

Effect size  

(Cohen's d) 

 with 95% CI 

Area under the 

ROC curve (a) 

with 95% CI 

SCR      

    Suspect  57 0.54 (0.44) 1.07 (2.20) 1.47 (1.05, 1.89) 0.85 (0.81, 0.89) 

    Witness 60 0.50 (0.42) 0.97 (1.38) 1.39 (0.98, 1.79) 0.83 (0.79, 0.87) 

RLL      

    Suspect 73 0.35 (0.39) -0.23 (0.44) 1.03 (0.68, 1.38)  0.76 (0.71, 0.80) 

    Witness  74 -0.21 (0.55) -0.19 (0.42) -0.48 (-0.80, -0.15) 0.39 (0.34, 0.44) 

HR      

    Suspect 68 0.32 (0.29) -0.10 (0.33) 1.11 (0.75, 1.48) 0.78 (0.72, 0.84) 

    Witness     71 -0.01 (0.33) 0.01 (0.32) -0.04 (-0.37, 0.30) 0.51 (0.44, 0.57) 
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was reflected by a statistically significant interaction between experimental condition and 

physiological response type and by the ROC results, supporting the multiple mechanisms 

account. The main findings were supported by our catch item results: in both conditions, 

these items elicited similar responses (as reflected by the three physiological measures) to 

those elicited by the relevant items in the witness condition. Since catch items had to be 

identified by all participants, they are expected to elicit an OR, but not inhibition. 

We did not find a difference between conditions with the SCR measure. This may 

raise the question of whether our statistical test had sufficient power. To clarify this 

question, we conducted a power analysis, which indicated that, to obtain a statistical power 

of at least 0.80 for detecting a medium effect size (i.e., Cohen's d of 0.50), the sample size in 

each condition should be about 55. The sample size in both our experimental conditions 

exceeded this number (nsuspects = 57, nwitnesses = 60). In addition to the power analysis, we 

computed the JZS Bayes factor, which is a numerical value quantifying how well the null and 

alternative hypothesis predicts the data (Rouder, Speckman, Sun, Morey, & Iverson, 2009). 

The JZS Bayes factor was evaluated using Jeffreys's (1961) criteria: values smaller than 1, 

between 1 and 3, and between 3 and 10, respectively, designate "no evidence", "anecdotal 

evidence", and "substantial evidence" for the null hypothesis. We found a JZS Bayes factor of 

4.51, meaning that there is substantial evidence for the null hypothesis. 

Unexpectedly, we observed a lengthening of the RLL in the witness condition. This 

lengthening may have resulted from attempts made by participants in the witness condition 

to alter their physiological responses. Such deliberate actions are typically used by guilty 

suspects to avoid detection (i.e., countermeasures), but when motivated to be detected, 

participants may try to facilitate detection by creating enhanced responding to the relevant 

items. However, this account is questionable for the following two reasons: First, the RLL has 

been found to be more resistant to both mental and physical countermeasures than the SCR 

(Ben-Shakhar & Dolev, 1996; Honts, Devitt, Winbush, & Kircher, 1996). Second, the RLL 

lengthening remained after disqualifying participants who indicated having used respiratory 

countermeasures during the CIT. Because this is the first study to observe such RLL 

lengthening, we think that a replication will be crucial to examine whether this unexpected 

finding is robust. 
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 With regard to the HR measure, we did not observe the often-reported biphasic HR 

pattern (i.e., an initial increase followed by a decrease). In contrast to most CIT studies that 

require an overt verbal no response, no overt response was required in the present 

experiment. Our results therefore support the hypothesis raised by Verschuere, Crombez et 

al. (2009) that verbalization accounts for the initial acceleration. In line with our findings, 

Verschuere, Crombez et al. (2009) observed an immediate deceleration of the HR when 

participants remained silent. Furthermore, in accordance with previous CIT studies, the HR 

deceleration lasted for 15 s following stimulus onset. OR theory predicts, as noted before, 

that the HR only decelerates in the initial 5 s and then returns to baseline (Richards & Casey, 

1992), thus providing an additional support for the inhibition account of HR.  

Importantly, as heightened significance is related to larger ORs, it is important to 

stress that there was no difference between the two conditions in the perceived significance 

level of the relevant items. This means that for both groups the critical information carried 

the same weight or, in other words, the importance of relevant items was just as high for 

suspects as for witnesses. Hence, the observed RLL and HR differences can not be explained 

by differences in orienting. 

 

Response Fractionation 

Clearly, the current results are inconsistent with Sokolov's (1963) classical concept of 

a unitary OR and seem to support the notion of response fractionation (Barry, 1996, 2006, 

2009; Bradley, 2009). According to the classical view, the different physiological measures 

covary in response to manipulations of novelty, intensity, and significance. However, the 

accumulation of evidence from OR studies gradually revealed that correlations between the 

different OR components are low and that these components are affected by different 

factors. More specifically, only the SCR showed the effects of novelty, intensity, and 

significance expected from Sokolov's theory. Bernstein, Taylor, Weinstein, and Reidel (1985) 

correspondingly showed that manipulating the significance of presented tones increased the 

SCR but did not affect the HR. The present findings show a similar fractionation between the 

SCR and cardiopulmonary measures (RLL and HR). In particular, only the SCR showed the 

expected significance effect in the witness condition where the inhibition factor was 
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eliminated, and thus the OR factor was isolated. This strongly suggests that the RLL and HR 

measures are driven by inhibition. 

 

Inhibition and the CIT 

Comparisons between the current observations and previous findings on inhibition 

utilizing the CIT reveal both similarities and differences. Ambach et al. (2008b) used a highly 

similar design to the one used in the present study, and, when comparing the results across 

studies, there are important similarities in findings. Interestingly, no CIT effect was found 

with the respiratory and heart rate measures in the present witness condition, which is 

consistent with the results observed in the truthful condition of Ambach et al. (2008b). 

Taken together, both studies seem to support the notion that the HR and RLL measures are 

underlaid by inhibition. Further, while Verschuere et al. (2007) found smaller HR 

deceleration in the condition that aimed to remove inhibition, Matsuda et al. (2013) did not.  

Regarding the SCR measure, unlike the results reported by Ambach et al. (2008b), we 

did observe a strong CIT effect in the witness condition with the SCR measure, which was 

virtually identical to the effect observed in the suspect condition. As discussed by Ambach et 

al. (2008b), the differential SCR response in the truth condition might have also been the 

result of the greater physiological impact and the lower frequency of the yes answers 

compared to the no answers. In the present study, it was therefore crucial to equalize verbal 

answer types across conditions. Our SCR findings are also compatible with data of a recent 

study by Suchotzki et al. (2014). Participants in this study were instructed to actively deny 

knowledge of one crime and admit knowledge of a second crime. Although overt denial was 

crucial for finding a CIT effect with both RT and fMRI measures, it was not necessary for the 

SCR. 

 

Applied Implications 

A recent meta-analysis of CIT studies (Meijer et al., 2014) found a similar average 

effect size in studies that required a deceptive verbal response (i.e., no) and in studies where 

no verbal response was required. However, these studies relied only on the SCR measure, 

and, unfortunately, sufficient data for other physiological measures were unavailable. As SCR 

reflects orientation to the significant, recognized items, it is not surprising that it is 
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unaffected by a deceptive verbal response. However, since our results indicate that both RLL 

and HR are driven by AI, they might also be sensitive to manipulations of RI and 

consequently to a deceptive response. In particular, larger CIT detection efficiency is 

expected with these measures when examinees give deceptive answers to the relevant 

items. While this issue definitely warrants further research, we believe it is safe to 

recommend that practitioners instruct their examinees to give deceptive (i.e., no) answers 

when the items are presented to them.  

 

Limitations of Current Study 

First, although the obtained significance ratings indicate that the importance of the 

relevant items was identical for witnesses and suspects, it cannot be excluded that factors 

other than inhibition contributed to the differences that we observed between the two 

conditions. The valence ratings, for instance, indicated that the crime-relevant items carried 

different meanings for participants imitating suspects and witnesses. Further, there may be 

expected differences in deception, feelings of guilt, and possibly shame between the two 

conditions. Future studies could deal with these limitations by, for example, rating deceptive 

parti ipa ts  e perie ed le el of felt e otio s. This ill allo  for a  e a i atio  of 

whether increased ratings on these factors are related to the enhanced responses to 

relevant items. However, since the basic CIT effect for the RLL and HR completely vanished 

in witnesses, which has not been found in other CIT studies investigating deception (e.g., 

deceptive verbal response – Meijer et al., 2014; informed innocence – Bradley, MacLaren, & 

Carle, 1996; Gamer, Godert et al., 2008), it is unlikely that this factor can fully explain the 

present findings. 

 Second, as noted previously, as this is the first CIT study to observe lengthening of 

the RLL, we believe that a replication will be crucial to examine whether this surprising 

finding is robust. The third limitation refers to the possibility that witnesses' increased RLL 

influenced their HR, which is known to synchronize with respiratory rhythm (e.g., Yasuma & 

Hayano, 2004). In particular, the increased RLL of witnesses might have partly masked a 

decelerative HR response.  

Finally, all participants were checked for memory of the relevant items before 

continuing to the CIT, which clearly differs from real-life CIT examinations. However, for the 
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present experimental manipulation, the need to prevent differences in explicit memory 

between the conditions outweighed the need to create a more realistic laboratory 

environment. 

 

Conclusions 

In summary, using a novel manipulation contrasting a suspect condition (where 

participants were motivated to avoid detection) with a witness condition (where participants 

were motivated to be detected), our research showed that different mechanisms underlie 

the different autonomic CIT measures. Although the SCR was not affected by our 

manipulation, the typical shortening of the RLL and slowing of the HR were solely observed 

in participants imitating suspects. While orientation to the significant items occurred in both 

conditions, attempts at response inhibition characterized only the suspect condition. We 

accordingly conclude that the SCR measure reflects orienting processes, while both the RLL 

and HR primarily reflect inhibition processes.  

 The current study provides valuable information on how the different physiological 

measures detect crime-relevant information. As we pointed out, the differential responses 

to the relevant items have so far been accounted for by single underlying mechanisms – 

primarily by either orienting or inhibition. The data presented here, however, warrant a 

different approach. We therefore hope that the present study will encourage future 

research and that the accumulation of findings from these studies will strengthen and 

broaden current CIT theory. A strong theory is not only the pinnacle of any scientific method, 

but might also encourage the use of the CIT as an applied investigative tool. 
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Appendix A 

 

 

Note. The face of the accomplice has been made invisible as real mugshots were used in the 

experiment. 
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Appendix B 

 CIT question categories 

 

 

 

City in which the 

burglary took 

place 

Time 

of the 

burglary 

The 

homeowner 

The point of 

entry 

Type of 

jewellery 

stolen 

Face of the 

accomplice 

Set 1 Tel Aviv 0:00 Minister of  

defense 

Back gate Diamond 

ring 

"Picture 1" 

Set 2  Jerusalem 1:00 Head of the 

mossad 

Bedroom  

balcony 

Gemstone 

bracelet 

"Picture 2" 

Set 3 Haifa 2:00 Chief of air 

force 

Kitchen 

window 

Pearl 

necklace 

"Picture 3" 

Set 4 Beer Sheva 3:00 Chief of army Front door Emerald 

earrings 

"Picture 4" 

Set 5 Eilat 4:00 Chief of 

police 

Roof Golden 

watch 

"Picture 5" 

Catch 

items  

Ashdod 5:00 Head of the 

shabak 

Maintenance 

room 

Silver brooch "Picture 6" 
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Abstract 

The Concealed Information Test (CIT) is a well-validated tool for physiological and behavioral 

detection of concealed knowledge. Two distinct theoretical frameworks have been proposed 

to explain the differential responses to the concealed, critical items: Orienting response 

theory versus arousal inhibition theory. klein Selle, Verschuere, Kindt, Meijer, and Ben-

Shakhar (2016), however, argued for a response fractionation model and showed that, while 

the skin conductance reflects pure orienting, both the respiratory and heart rate measures 

reflect arousal inhibition. The present study intends to (1) provide a constructive replication 

of klein Selle et al. (2016) using the autobiographical CIT, and (2) extend their work by 

testing an additional prediction derived from orienting theory, using an item-salience 

manipulation. One hundred and nine participants were tested on four high salient and four 

low salient identity items. Half of the participants were motivated to hide their identity 

(orienting + arousal inhibition), while the other half were motivated to reveal their identity 

(orienting only). Confirming earlier findings, the results revealed a fractionation between the 

different measures: while the skin conductance response (SCR) increased to a similar extent 

in the two motivational conditions, the respiration line length (RLL) shortened and the heart 

rate (HR) decelerated solely in the conceal condition. Moreover, while the SCR was larger for 

high than for low salient critical items, the RLL and HR responses were similar for these two 

item types. These data led us to conclude that, in the CIT, the skin conductance measure 

reflects orienting and the respiratory and heart rate measures reflect arousal inhibition. 

 

Descriptors: Concealed Information Test (CIT), Orienting response, Arousal inhibition, Skin 

conductance response, Respiration line length, Heart rate  
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The Concealed Information Test (CIT; Lykken, 1959; Verschuere, Ben-Shakhar, & Meijer, 

2011) is a well-validated tool for physiological and behavioral detection of concealed 

knowledge. In a typical forensic application, examinees are presented with several multiple 

choice-like questions. For each question, one critical (e.g., crime-related) item is presented 

among a series of control items (e.g., What was the murder weapon? ... rope? ...  gun? ... 

scissors? ... knife? ... ice-pick? ... ). Innocent (i.e., unknowledgeable) examinees are unable to 

discriminate between the critical and control items and are therefore expected to show 

similar responses to all items. Guilty (i.e., knowledgeable) examinees, on the other hand, are 

able to make this distinction and are therefore expected to show differential responses to 

the critical items, namely, phasic increases in skin conductance (i.e., skin conductance 

responses, SCRs), a suppression of the respiration (captured by the measure called 

respiration line length or RLL), and a larger decrease in heart rate (HR; Gamer, 2011). These 

stronger responses to the critical items compared to the control items have been labeled as 

the CIT effect. 

 

The CIT Effect: Orienting Versus Inhibition 

The differential responses to critical items in the CIT have been predominantly 

explained by orienting response (OR) theory (e.g., Ben-Shakhar, 1977; Lieblich, Kugelmass, & 

Ben-Shakhar, 1970; Lykken, 1974; Verschuere & Ben-Shakhar, 2011). The orienting response 

is manifested by both physiological and behavioral responses in reaction to external novel 

stimuli. According to the classical view, the different response measures covary following 

manipulations of novelty, intensity, and stimulus significance. Importantly, when significance 

is high (i.e., when a stimulus holds a special importance to an individual), it will elicit an 

enhanced orienting response (Sokolov, 1963). In the CIT, the critical stimulus is significant for 

the knowledgeable examinee and, consequently, is expected to elicit a stronger orienting 

response in this examinee. A series of studies relying on a single physiological measure (i.e., 

SCR) generally supported the orienting response theory (e.g., Ben-Shakhar, 1977; Ben-

Shakhar & Gati, 1987; Gati & Ben-Shakhar, 1990). 

In addition to orienting response theory, researchers have explained the differential 

responses in the CIT by inhibition theory (Verschuere, Crombez, Koster, Van Bockstaele, & 

De Clercq, 2007). Inhibition has been defined as the executive function that allows one to 
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deliberately and intentionally inhibit a dominant automatic or prepotent response (Miyake 

et al., 2000). Accordingly, in the CIT, inhibition can reflect either response inhibition or 

arousal inhibition. Response inhibition refers to the behavioral component of the response 

(i.e., the overt truth response), while arousal inhibition refers to the physiological 

component of the response (i.e., the experienced physiological arousal). Attempting to 

inhibit the physiological arousal associated with the critical items characterizes individuals 

motivated to avoid detection (see klein Selle, Verschuere, Kindt, Meijer, & Ben-Shakhar, 

2016). Ironically, however, these attempts at arousal inhibition come with a physiological 

cost (Pennebaker & Chew, 1985). Specifically, arousal inhibition has been shown to induce a 

physiological response pattern resembling the CIT effect (e.g., Dan-Glauser & Gross, 2011; 

for studies on experiential and expressive suppression, see Demaree et al., 2006; Gross & 

Levenson, 1993, 1997).    

 

Differentiating Between Orienting and Inhibition 

Several CIT studies aimed to differentiate the role of orienting from inhibition. 

Although most of these studies targeted the response inhibition factor (e.g., Ambach, Stark, 

Peper, & Vaitl, 2008; Elaad & Ben-Shakhar, 1989; Furedy & Ben-Shakhar, 1991; Horneman & 

O Go a , 1985; Kugelmass, Lieblich, & Bergman, 1967; Suchotzki, Verschuere, Peth, 

Crombez, & Gamer, 2015), some studies aimed to manipulate the arousal inhibition factor 

(e.g., Elaad, 2013; Gustafson & Orne, 1965; Matsuda, Nittono, & Ogawa, 2013; Zvi, Nachson, 

& Elaad, 2012). Importantly, these studies faced one or both of the following drawbacks: (1) 

It is unclear whether all attempts at arousal inhibition were eliminated in the noninhibition 

conditions. Specifically, although participants in the noninhibition conditions might have 

been less motivated than participants in the other conditions, they were nevertheless 

motivated to conceal the critical items and, consequently, they might have attempted to 

inhibit the arousal associated with these items; (2) The reduced motivation in the 

noninhibition conditions may have reduced the significance level of the critical items and 

thus affected the size of the orienting response. Hence, it is difficult to say which mechanism 

caused the differential findings. 

In an attempt to overcome these weaknesses, klein Selle et al. (2016) aimed to 

manipulate the arousal inhibition factor by contrasting the motivation to conceal with the 
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motivation to reveal. Specifically, participants were assigned either the role of a suspect and 

motivated to avoid detection by concealing the crime-related information (as in typical CIT 

studies) or the role of a witness and motivated to be detected by revealing the crime-related 

information. As the significance of the critical items was similar for both groups, no 

difference in the orienting response was expected. Importantly, however, the enhanced 

arousal elicited by the critical items was expected to be threatening in the conceal, but 

welcomed in the reveal condition. Consequently, while all participants oriented to the 

significant critical items, only concealers should try to inhibit the enhanced arousal 

associated with these items. In an attempt to separate arousal from response inhibition, all 

participants were requested to remain silent. Still, even when silent, it cannot be completely 

ruled out that participants in the conceal condition may have inhibited the overt truth. As 

predicted by the authors, while the SCR increased to the same extent in both groups, the RLL 

shortened and the HR decelerated solely in the conceal condition. It was accordingly 

concluded that the SCR measure reflects orienting processes, while both the RLL and HR 

reflect inhibition processes.  

 

The Present Study 

The present study is intended to build on the mock crime study of klein Selle et al. 

(2016) by using the autobiographical version of the CIT. In order to accomplish this goal, 

participants were either motivated to conceal or to reveal their own identity. We also extend 

our prior study by manipulating item significance, that is, by including both high salient and 

low salient identity items. While there is ample evidence that the orienting response is 

influenced by item salience (e.g., Sokolov, 1963), there is no research (that we are aware of) 

showing that the arousal inhibition factor is influenced by item salience. Hence, the salience 

manipulation was predicted to primarily affect the orienting response measures.  

In the current study, we test four competing models aimed at explaining the CIT 

effect. Each of these models relies either solely on orienting or inhibition theory or on a 

combination of these two theories. Importantly, they include predictions concerning the 

primary motivational manipulation (conceal vs. reveal) as well as the salience manipulation 

(see Table 1):  
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 The orienting model holds that the CIT effect, with all three measures, is driven solely 

by the orienting response. This model predicts that (1) there will be no differences in 

the CIT effects between the conceal and reveal conditions, and (2) there will be a 

larger CIT effect for high than for low salient items.  

 The inhibition model holds that the CIT effect, with all three measures, is driven solely 

by arousal inhibition. This model predicts that (1) the CIT effect will be present in the 

conceal, but not in the reveal condition, and (2) there will be no difference in the CIT 

effect for high and low salient items. 

 The orienting-inhibition model holds that the CIT effect, with all three measures, is 

driven by both the initial (automatic) orienting response and the subsequent 

(deliberate) arousal inhibition. This model predicts that (1) there will be a significant 

CIT effect even in the reveal condition due to orienting, (2) there will be a larger CIT 

effect in the conceal compared to the reveal condition, due to arousal inhibition, and 

(3) there will be a larger CIT effect for high than for low salient items, due to 

increased orienting.  

 The response fractionation model, based upon the response fractionation observed in 

klein Selle et al. (2016), holds that the SCR is a measure of orienting and that the RLL 

and HR are measures of inhibition. This model predicts that (1) there will be no 

difference in the SCR CIT effect between the conceal and reveal conditions, and (2) 

the SCR CIT effect will be larger for high than for low salient critical items. The model 

further predicts that (3) there will be a significant RLL and HR CIT effect in the 

conceal, but not in the reveal condition, and (4) there will be no difference in the RLL 

and HR CIT effects for high versus low salient critical items. 
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Table 1. Summary and Performance of the Four Prediction Models 

 

Method 

Participants 

One hundred and nine undergraduate students (70 women) of the Hebrew University 

of Jerusalem (HUJI) with an age range of 18–39 (M = 23.7 SD = 2.7 years) participated in this 

study. Fifty-five participants were assigned to the conceal condition, while 54 participants 

were assigned to the reveal condition. All participants were native speakers of Hebrew and 

received either course credits or an average payment of 45 NIS (equivalent to approximately 

12 USD) for their participation. Each participant read and signed a consent form indicating 

that participation was voluntary and that they could withdraw from the experiment at any 

Models Predictions Confirmed? 

Orienting 

model 

1. No difference in the CIT effect (with all three measures) between 

the conceal and reveal conditions. 

No 

2. Larger CIT effect (with all three measures) for high than for low 

salient items. 

No 

Inhibition 

model 

1. Significant CIT effect (with all three measures) only in the conceal 

condition. 

No 

2. No difference in the CIT effect (with all three measures) for high 

and low salient items. 

No 

Orienting-

inhibition 

model 

1. Significant CIT effect (with all three measures) in the reveal 

condition. 

No 

2. Larger CIT effect (with all three measures) in the conceal than in 

the reveal condition. 

No 

3. Larger CIT effect (with all three measures) for high than for low 

salient items. 

No 

Response 

fractionation 

model 

1. No difference in the SCR CIT effect between the conceal and 

reveal conditions. 

Yes 

2. Larger SCR CIT effect for high than for low salient items. Yes 

3. Significant RLL and HR CIT effects only in the conceal condition. Yes 

4. No difference in the RLL and HR CIT effects for high vs. low salient 

items. 

Yes 
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time without penalty. The experiment was approved by the ethical committee of the Faculty 

of Social Sciences of the HUJI. 

 

Data Acquisition and Reduction 

The experiment was conducted in an air-conditioned laboratory. The apparatus 

included a constant voltage system (0.5V ASR Atlas Researches, Hod Hasharon, Israel) to 

record the physiological signals and a HP Compaq DC 5800 Microtower computer to store 

these physiological signals and control stimulus presentation. 

Electrodermal activity was recorded using two Ag/AgCl electrodes (0.8 cm diameter) 

filled with a 0.05 M NaCL electrode paste (TD-246, Discount Disposables) and an A/D (NB-

MIO-12) converter with a sampling rate of 50 Hz. Electrodes were placed on the distal 

phalanges of the left index and left ring finger. SCRs were defined as the maximal increase in 

conductance obtained from 1 s to 5 s after stimulus onset.  

The electrocardiogram (ECG) was recorded by placing three Ag/AgCl electrodes, filled 

with electrode paste, in a standard Einthoven lead I configuration: one electrode attached to 

the distal phalange of the left index finger (i.e., one of the SCR electrodes), one electrode 

attached to the right wrist, and the ground electrode attached to the left wrist. The ECG 

signal was sampled at 500 Hz, digitized at 12-bit resolution, and filtered using a band-pass of 

1–35 Hz. Matlab was used to detect the R peaks, calculate the distance between them, and 

apply a semiautomatic artifact detection and rejection procedure (similar to, e.g., De Clercq, 

Verschuere, De Vlieger, & Crombez, 2006). Prior to analysis, the interbeat intervals were 

converted to HR in beats per minute (bpm) per real-time epoch (1 s). These second-by-

second poststimulus HR values were baseline-corrected by subtracting the average HR value 

in the 3-s preceding stimulus onset (i.e., the prestimulus baseline value), resulting in 15 

poststi ulus diffe e e s o es ΔHR . The a e age of all ΔHR s o es has ee  fou d to 

outpe fo  the i i u  of all ΔHR s o es as a dete tio  easu e Ga e , Ve s hue e, 

Crombez, & Vossel, 2008) and was therefore the preferred statistic when analyzing the data 

(for the second-by-second changes in HR, see Figure 1a–d). 

 Respiration was recorded using a respiratory band positioned around the thoracic 

area. Respiration responses were defined on the basis of the total RLL, which is a composite 

measure of respiratory amplitude (depth of breathing) and respiratory cycle (rate of 
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breathing), during the 0.5-s to 13.5-s interval following stimulus onset. Following Elaad, 

Ginton, and Jungman (1992), we defined each response as the mean of 10 length measures 

(0.1 s after stimulus onset through 13.1 s after stimulus onset, 0.2 s through 13.2 s after 

stimulus onset, etc.). In other words, ten 13-s windows were created, each beginning 0.1 s 

later than the previous window, and the RLL was defined as the mean of the 10 length 

measures computed for the 10 windows.  

For all three measures, individual responses were removed if excessive movements 

were made during the measurement window or if the response was an outlier (Z score larger 

than 5 or smaller than -5). Further, similar to klein Selle et al. (2016), skin conductance 

nonresponsivity was determined using the within-participant standard deviation of the raw 

SCR scores. Participants whose standard deviation was below 0.01 μS in both blocks of the 

CIT were considered to be nonresponders, and their SCR data was eliminated from all 

analyses. In case of nonresponsivity in one of the blocks, only the data from the respective 

block were removed.  

In order to eliminate individual differences in physiological responsivity and baseline 

activation, within-subject standard scores were calculated for each physiological channel 

separately (Ben-Shakhar, 1985). Further, to minimize habituation effects, the standard 

scores were computed within a block of four questions. Specifically, the standard scores 

were computed by subtracting the mean response computed across all critical and control 

items within each block of questions (buffer and catch items were excluded from the 

standardization) from each response to an individual item and dividing this difference by the 

respective standard deviation (see Ben-Shakhar & Elaad, 2002; Elaad & Ben-Shakhar, 1997). 

For each participant and for each physiological measure, a detection score was created by 

averaging the respective Z scores of all critical items. 

 

Material 

Item stimuli. Eight identity-related items were chosen to be the focus of the CIT 

questions. Four of these items were high salient i.e., fi st a e, last a e, othe s a e, 

country of birth) and the other four items were low salient (i.e., age, identity number – nine-

digit number that is issued to all Israeli citizens at birth, academic major, current city). Item 

salience was based on previous studies (Kleinberg & Verschuere, 2015; Lieblich, Ben-
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Shakhar, & Kugelmass, 1976; Verschuere, Kleinberg, & Theocharidou, 2015), which have 

shown that the selected high salient items elicit higher salience ratings and a stronger CIT 

effect than the low salient items. 

Subjective rating scales. The Differential Emotions Scale (DES; Izard, Dougherty, 

Bloxom, & Kotsch,  as used to assess pa ti ipa ts  e otio al state. The DES o sists 

of 10 subscales, with three items per scale, which measure the basic emotions of interest, 

enjoyment, surprise, sadness, anger, disgust, contempt, fear, shame/shyness, and guilt. 

Participants indicated to what extent they currently experienced each emotion on a scale of 

1 (= not at all) to 5 (= a lot). Although internal consistency of the individual subscales varies 

and ranges from 0.56 to 0.88, the scales are stable over time and are significantly correlated 

with personality variables and outcomes (Boyle, 1984; Izard, Libero, Putnam, & Haynes, 

1993). 

Significance, arousal, and valence ratings were obtained to examine whether the 

critical items carried the same importance and affective meaning for participants motivated 

to conceal their identity as for participants motivated to reveal their identity. The ratings 

were obtained, using a 9-point Likert scale (1 = not at all, 9 = very), for all eight critical and 

eight randomly chosen control items (one from each question). For the valence and arousal 

ratings, participants were asked to rate how pleasant and aroused they felt when presented 

with the items. For the significance ratings, the procedure of Dindo and Fowles (2008) was 

followed, and participants were asked to rate how important, significant, or relevant the 

items are to them, irrespective of valence. 

 

Procedure 

All participants were welcomed by Experimenter 1 when entering the laboratory, and 

allocated to either the conceal or the reveal condition. After signing an informed consent 

form, participants began the experiment.  

Part 1: Identity collection. Part 1 of the experiment was identical for the two 

motivational conditions. Experimenter 1 asked participants to complete the DES, which 

provided a baseline measurement of their emotional state. Following the DES, participants 

answered eight identity-related questions (e.g., provide first name, last name). The answers 

to these questions later served as critical items in the CIT. Finally, participants were 
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presented with eight sets of 12 intended control items. All items in a set matched the 

category of a single critical item (e.g., first name, age, identity number). Participants were 

asked to mark, per set, a maximum of six items that hold a particular relevance to them. 

After excluding all marked items and items that were too similar to the critical item (e.g., 

Tamar vs. Tamara), five items, per set, were randomly selected from the remaining items to 

serve as buffer and controls in the CIT. 

 Part 2: Identity detection. Part 2 consisted of the actual CIT. Experimenter 2, who 

was unaware of the critical items, attached the SCR and HR electrodes as well as the RLL 

band and conducted the CIT examination. After 2 min of rest, the experimenter provided the 

instructions for the CIT. Importantly, participants were told that their physiological 

responses would automatically change when recognizing the details related to their identity 

(i.e., the critical items). Participants in the conceal condition were, however, motivated to 

hide their identity, while participants in the reveal condition were motivated to reveal their 

identity. Specifically, participants in the conceal condition were promised a bonus of 10 NIS 

(about 3 USD) as an incentive to avoid detection of the critical (identity) items, while 

participants in the reveal condition were promised a bonus of 10 NIS (3 USD) as an incentive 

to allow detection of the critical (identity) items (see Appendix A for verbatim instructions). 

The bonus was paid when the average SCR Z score, computed across all critical items in the 

two blocks (i.e., SCR detection score), was below 0.1 in the conceal condition or above 0.1 in 

the reveal condition. Consequently, 6 out of 55 participants in the conceal condition and 43 

out of 54 participants in the reveal condition received the bonus. 

The CIT consisted of two blocks of four questions, with a break between blocks to 

ai tai  pa ti ipa ts  atte tio . Ea h uestio  targeted one of the identity items collected 

in part 1 of the experiment. Importantly, the order of these questions was randomly 

determined, except that high and low salient questions alternated. Each question (e.g., What 

is your name?) was presented on the computer monitor for 10 s and at the same time the 

prerecorded question was played through the computer's loudspeakers. After question 

presentation, the different items (e.g., Sivan, Hila, Hadas) appeared for 5 s each on the 

computer monitor, with an interstimulus interval of 14–18 s. The first item was always a 

neutral buffer item designed to absorb the initial orienting response (and excluded from 

further analyses). Next, one critical item, four control items, and one catch item were 
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presented in a random order. Catch items were included as an extra means of assuring that 

participants' attention remained focused on the items presented (see also Verschuere, 

Crombez, Degrootte, & Rosseel, 2010  a d o tai ed the o a d sa  a d a a do  

number between one and nine (written in letters). When presented with a catch item, 

participants said the number out loud. When presented with either a buffer, control, or 

critical item, participants were requested to remain silent. In sum, participants were 

presented with 8 questions × 7 items (1 buffer, 1 critical, 4 control, and 1 catch item), 

totaling 56 items.  

Immediately following the CIT, participants were asked to complete, for a second 

time, the DES. A comparison between the first and second DES would reveal whether and 

ho  the e pe i e tal a ipulatio  ha ged pa ti ipa ts  e otio al state. At o pletio  of 

the DES, the electrodes and RLL band were removed, and participants were notified of their 

test result. Then, participants were requested to provide the significance, valence, and 

arousal ratings. Following these ratings, participants received a paper-and-pencil 

questionnaire in which they were asked to rate their motivation to conceal/reveal the critical 

items (depending on motivational condition), their efforts to conceal the critical items, their 

efforts to reveal the critical items, and their efforts to inhibit and increase physiological 

arousal. Further, although not instructed to, participants were asked to indicate whether 

and what kind of countermeasures they applied. Finally, all participants were debriefed and 

compensated for their participation in the experiment. 

 

Data Analysis 

As concealed information is associated with cardiac and respiratory suppression, the 

RLL and HR Z scores were multiplied by -1. These measures were used in all statistical 

analyses (except for the figures). For the main analysis, a three-way mixed analysis of 

variance (ANOVA), with motivational condition (conceal vs. reveal) as a between-subjects 

factor and item salience (high vs. low) and physiological measure (SCR, RLL, and HR) as 

within-subject factors, was performed on the detection scores (the mean Z scores of all 

critical items). The expected Physiological Measure × Motivational Condition and 

Physiological Measure × Item Salience interaction effects were further examined using two 

orthogonal planned contrasts. For both (interaction) contrasts, we computed a difference 
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score: the SCR detection score minus the mean of the RLL and HR detection scores. The first 

contrast compared this difference score between the conceal and reveal conditions and is 

ased o  klei  Selle et al. s  fi di g that, hile the SCR i eased i  oth the o eal 

and reveal conditions, the RLL shortened and the HR decelerated only in the conceal 

condition. The second contrast compared the difference score between high and low salient 

items and is based on the prediction that only the SCR will be affected by item salience. A 

rejection region of p < .05 was used for all statistical tests, and Cohen's ƒ values were 

computed as effect size estimates (Cohen, 1988). According to Cohen (1988), the values of f 

= 0.1, f = 0.25, and f = 0.40 correspond to small, medium, and large effects, respectively. 

One-tailed tests were used to test directional, a priori formulated hypotheses.  

 

Results 

Subjective Ratings  

Manipulation checks. Pa ti ipa ts  effo ts to o eal the iti al ite s o  a s ale of 

1–6) were significantly larger in the conceal (M = 4.98) than in the reveal condition (M = 

1.54), t(107) = 17.24, p < .001, d = . . O  the othe  ha d, pa ti ipa t s effo ts to e eal the 

critical items were significantly larger in the reveal (M = 4.44) than in the conceal (M = 1.64) 

condition, t(107) = -12.14, p < .001, d = -2.33. In terms of motivation to conceal/reveal, the 

two conditions did not differ, t(107) = .09, p = .931, d = .02. 

Further, participants' self-reported attempts at arousal inhibition (on a scale of 1–6) 

were significantly larger in the conceal (M = 4.78) than in the reveal (M = 2.80) condition, 

t(107) = 6.60, p < .001, d = 1.26. In contrast, participants' self-reported attempts at 

increasing physiological arousal (on a scale of 1–6) did not differ between conditions (Mconceal 

= 3.20, Mreveal = 3.43; t(107) = -.70, p = .483, d = -.13).  

The significance, arousal, and valence ratings of both critical (high and low salient) 

and control (high and low salient) items in each motivational condition are shown in Table 2. 

In order to verify (a) the critical-control difference, and (b) our salience manipulation, three 

separate three-way mixed ANOVAs (Motivational Condition × Item Type × Item Salience) 

were performed on the item ratings. A detailed description of the results of these ANOVAs is 

presented in Appendix B. Most importantly, in both the conceal and reveal conditions, these 
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analyses showed higher ratings of significance, arousal, and valence for critical than control 

items and for high salient as compared to low salient items. 

The DES. In order to check whether the experimental manipulation had an influence 

o  pa ti ipa ts  e otio al state, e o puted diffe e e s o es DES  – DES1) for each of 

the 10 emotions and compared these scores across motivational conditions. None of the 

independent samples t tests, with a Bonferroni-adjusted alpha level of .005 per test (.05/10), 

reached statistical significance. Thus, in other words, the experimentally induced changes in 

emotion did not differ significantly between the conceal and reveal conditions. 

 

Table 2. Means (Standard Deviations) of the Significance, Arousal, and Valence Ratings of the 

High and Low Salient Critical-Control Items in Each Motivational Condition (Conceal vs. 

Reveal) 

 

Physiology 

The skin conductance and heart rate data of one participant (0.9%) and the 

respiratory data of one additional participant (0.9%) were lost due to technical issues (i.e., 

electrode failure, incorrect positioning of respiratory band). Further, all skin conductance 

data of seven participants (6.4%) and the heart rate data of one participant (0.9%) were 

removed due to either nonresponsivity, excessive movements, outliers, or a combination of 

these factors. For the remaining participants, the skin conductance data within the first 

block of two participants (2%) as well as the skin conductance data within the second block 

of nine participants (8.9%) were removed due to nonresponsivity. Thus, while sample size 

Measure Motivational  

condition 

N Mean (SD) critical items Mean (SD) control items 

   High salient Low salient High salient Low salient 

Significance Conceal 55 8.45 (0.68) 7.39 (1.10) 1.91 (1.04) 1.83 (0.84) 

 Reveal 54 8.43 (0.99) 7.71 (1.12) 1.94 (1.09) 1.74 (0.83) 

Arousal Conceal 55 7.56 (1.37) 6.68 (1.55) 3.01 (1.86) 3.05 (1.77) 

 Reveal 54 7.81 (1.40) 7.19 (1.29) 2.75 (1.54) 2.50 (1.31) 

Valence Conceal 55 7.50 (1.27) 5.85 (1.36) 3.66 (1.49) 3.52 (1.70) 

 Reveal 54 7.72 (1.15) 6.60 (1.24) 3.73 (1.48) 3.47 (1.36) 
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varies between 100–109 for the different analyses (nSCR = 101, nRLL = 108, nHR = 107), all 

analyses of the three physiological measures were based on data of at least 100 participants. 

For these participants, 3.93% of all SCRs, 0.93% of all RLL, and 3.66% of all HR responses to 

the individual stimuli were removed due to excessive movements and outliers. 

Main analysis. A three-way mixed ANOVA (Motivational Condition × Item Salience × 

Physiological Measure) on the standardized physiological data revealed a significant main 

effect of motivational condition, F(1,98) = 84.34, ƒ = .93, p < .001, indicating larger 

standardized responses in the conceal than in the reveal condition, and a significant main 

effect of item salience, F(1,98) = 4.81, ƒ = .22, p = .031, indicating larger standardized 

responses for high than for low salient items. Further, the main effect of physiological 

measure, F(2,196) = 77.46, ƒ = .89, p < .001, the Physiological Measure × Motivational 

Condition interaction, F(2,196) = 17.10, ƒ = .42, p < .001, as well as the Physiological Measure 

× Item Salience interaction, F(2,196) = 5.96, ƒ = .25, p = .003, were statistically significant. All 

other effects failed to reach significance. The meaning of these interaction effects was 

further explored using two planned contrasts; for both (interaction) contrasts we computed 

a difference score: the SCR detection score minus the mean of the RLL and HR detection 

scores.  

The first contrast (examining the Physiological Measure × Motivational Condition 

interaction) revealed that the SCR versus RLL and HR difference score was larger in the 

reveal than in the conceal condition, t(98) = -4.98, ƒ = .40, p < .001. This result indicates that, 

while the SCR increased in both the reveal and conceal conditions, the RLL shortened and 

the HR decelerated only in the conceal condition (see Figure 1a–d and Figure 2a–c). Notably, 

just as klein Selle et al. (2016), we observed a significant lengthening of the RLL in the reveal 

condition (see Table 3)
1
. 

 

                                                           

1
 The RLL lengthening in the reveal condition was further examined by separating participants in this condition 

into two groups based on their indicated usage of respiratory countermeasures during the CIT. Importantly, 

although the RLL lengthening was larger for participants who reported using such countermeasures (M = -.88) 

than for participants who did not report using such countermeasures (M = -.34), t(51) = 3.03, p = .004, d = 1.03, 

the lengthening was significant in both groups; countermeasures: t(10) = -6.29, p < .001, d = -1.90, no 

countermeasures: t(41) = -4.08, p < .001, d = -.63. 
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Figure 1. HR change to critical (high and low salient) and control (high and low salient) items 

in the (a, b) conceal and (c, d) reveal conditions. 

 

 

 

Figure 2. Standardized (a) skin conductance response, (b) respiration line length, and (c) 

heart rate to high versus low salient critical items in the conceal versus reveal conditions. 
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The second contrast (examining the Physiological Measure × Item Salience 

interaction) revealed that the SCR versus RLL and HR difference score was significantly larger 

for high than for low salient critical items, t(98) = 3.29, ƒ = .18, p = .001. This result indicates 

that the SCR, unlike the RLL and HR, was sensitive to item saliency, with stronger responding 

to high salient than to low salient items (see Figure 1a–d and Figure 2a–c). 

In order to further examine the different models, we relied on Bayesian hypothesis 

testing and computed for each physiological measure two JZS Bayes factors: (1) for the 

between-subjects factor of motivational condition, and (2) for the within-subject factor of 

item salience. The JZS Bayes factor (BF) is a numerical value quantifying the odds ratio 

between the null (i.e., no detection score differences between the two motivational 

conditions/item types) and alternative hypothesis (i.e., detection score differences between 

the two motivational conditions/item types) given the data (Jeffreys, 1961; Rouder, 

Speckman, Sun, Morey, & Iverson, 2009). A default JZS prior with scaling factor r = .707 was 

used for the alternative hypothesis. Importantly, the BFs are reported as either favoring the 

null or the alternative hypothesis, and a BF of 3 or more is taken as substantial evidence for 

the respective hypothesis (Jeffreys, 1961).  

When comparing the conceal and reveal conditions, a BF of 3.12 (in favor of the null) 

was found for the SCR, while a BF of 4.74 × 10
12 

(in favor of the alternative) was found for the 

RLL and a BF of 1.55 × 10
6
 (in favor of the alternative) was found for the HR. Thus, while 

there is substantial evidence for the alternative hypothesis with the RLL and HR measures, 

there is substantial evidence for the null hypothesis with the SCR measure. These JZS BFs 

confirm that, while the SCR increased to a similar extent in the conceal and reveal 

conditions, the RLL shortened and the HR decelerated only in the conceal condition. Second, 

when comparing the high and low salient items, a BF of 29.95 (in favor of the alternative) 

was found for the SCR, while a BF of 6.64 (in favor of the null) was found for the RLL, and a 

BF of 5.65 (in favor of the null) was found for the HR measure. Thus, while there is 

substantial evidence for the alternative hypothesis with the SCR measure, there is 

substantial evidence for the null hypothesis with the RLL and HR measures. These JZS BFs 

confirm that only the SCR was affected by item salience. Taken together, while the SCR 

increased in both experimental conditions, the HR decelerated and the RLL shortened solely 

in the conceal condition. Further, while the SCR was larger for high than for low salient 
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critical items, no such differences in the RLL and HR responses were observed. These results 

are in line with the response fractionation model (see Table 1). 

In addition to comparing the means of the detection scores, we evaluated CIT 

detection efficiency using the area under the receiver operating characteristic (ROC) curve 

(e.g., Green & Swets, 1966; Swets, Tanner, & Birdsall, 1961). A detailed description of the 

ROC analyses and results can be found in Appendix C. Most importantly, while SCR detection 

efficiency was significant in both the conceal and reveal conditions, RLL and HR detection 

efficiency was significant only in the conceal condition (see also Table 3).  

 

Table 3. Effect Size (d) with 95% CI and Area Under the ROC Curve (a) with 95% CI 

Measure Motivational 

Condition 

N Effect size (Cohen's d)  

with 95% CI 

Area under the ROC curve (a) 

with 95% CI 

 

 

 

 

 

 

All  High 

salient 

Low 

salient 

All  High 

salient 

Low 

salient 

SCR Conceal 52 2.05 

(1.57, 

2.53) 

1.98 

(1.50, 

2.45) 

1.37 

(0.94, 

1.80) 

0.92 

(0.86, 

0.97) 

0.91 

(0.85, 

0.97) 

0.82 

(0.74, 

0.90) 

 Reveal 49 1.54 

(1.08, 

2.00) 

1.38 

(0.93, 

1.83) 

1.17 

(0.73, 

1.60) 

0.84 

(0.75, 

0.92) 

0.81 

(0.72, 

0.89) 

0.77 

(0.68, 

0.87) 

RLL Conceal 55 1.33 

(0.91, 

1.75) 

1.20 

 (0.79, 

1.61) 

1.03 

(0.63, 

1.43) 

0.83 

 (0.75, 

0.91) 

0.80 

 (0.72, 

0.89) 

0.77  

(0.68, 

0.86) 

 Reveal 53 -0.96 

(-1.36,  

-0.55) 

-0.86 

 (-1.26,  

-0.46) 

-0.80 

(-1.20,  

-0.40) 

0.26 

 (0.17, 

0.36) 

0.28 

 (0.18, 

0.38) 

0.31  

(0.21, 

0.41) 

HR Conceal 54 1.35 

(0.93, 

1.77) 

1.05 

 (0.65, 

1.46) 

1.04 

(0.63, 

1.44) 

0.83 

 (0.75, 

0.91) 

0.79 

 (0.71, 

0.88) 

0.78  

(0.69, 

0.87) 

 Reveal 53 -0.05 

(-0.43, 

0.34) 

-0.20 

 (-0.58, 

0.19) 

0.08 

(-0.31, 

0.46) 

0.49 

 (0.38, 

0.60) 

0.42 

 (0.31, 

0.53) 

0.53  

(0.42, 

0.65) 
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Discussion 

The present study was designed to unravel the roles of orienting and arousal inhibition in 

the physiological detection of concealed information. To this end, we manipulated 

pa ti ipa ts  eed fo  i hi itio  he  p ese ted ith ite s elated to thei  o  ide tit . 

Specifically, half of the participants were motivated to conceal their identity, which was 

expected to result in an orienting response and arousal inhibition, while the other half of the 

participants were motivated to reveal their identity, resulting in an orienting response only. 

In addition, we manipulated item salience, and thereby tested the prediction derived from 

orienting response theory that larger orienting responses are elicited by high than by low 

salient identity items. 

 

A Double Fractionation 

The typical CIT effect was observed in the conceal but not in the reveal condition. 

Specifically, while the SCR increased to a similar extent in both motivational conditions, the 

RLL shortened and the HR decelerated only in the conceal condition. This was evident in 

both the inferential statistics as well as in the Bayesian analysis. While the Bayesian analysis 

provided substantial evidence for the null hypothesis (i.e., no detection score differences 

between the conceal and reveal conditions) with the SCR measure, it provided substantial 

evidence for the alternative hypothesis (i.e., detection score differences between the 

conceal and reveal conditions) with the other two measures. The finding that the SCR is 

unaffected by arousal inhibition corresponds with earlier findings that this measure is 

unaffected by response inhibition (e.g., Ambach et al., 2008; Meijer, klein Selle, Elber, & Ben-

Shakhar, 2014; Suchotzki et al., 2015). Further, the present findings partially correspond to 

those of a recent study that aimed to manipulate the arousal inhibition factor (i.e., Matsuda 

et al., 2013). In this study, participants witnessed how one of their two stolen (i.e., critical) 

items was revealed to the experimenter. It was hypothesized that the disclosure of the 

critical item removed the need to inhibit responses to this item. However, as all critical items 

(disclosed and nondisclosed) were previously stolen in a mock crime, not all attempts at 

inhibition may have been successfully eliminated. In the subsequent CIT, only the RLL was 

affected by the reveal manipulation, while in the present study both the RLL and HR were 

influenced. Finally, the current findings are almost identical to those of our previous mock 
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crime study (klein Selle et al., 2016) in which we relied on a similar manipulation of arousal 

inhibition. 

The salience manipulation was predicted to primarily affect the SCR. Indeed, while 

the SCR was larger for high than for low salient critical items, no differences in the RLL and 

HR responses between these items were observed. These results were verified by a Bayesian 

analysis, which provided strong support for the null hypothesis (i.e., no detection score 

differences between high and low salient items) with both the RLL and HR measures, but 

provided strong support for the alternative hypothesis (i.e., detection score differences 

between the high and low salient items) with the SCR measure.  

The current findings provide further support for explaining the CIT effect in terms of 

a response fractionation model. Both its predictions concerning the primary motivational 

manipulation (conceal vs. reveal) as well as the salience manipulation were confirmed. 

Consequently, in line with klein Selle et al. (2016), this leads us to conclude that, while the 

SCR measure is associated with orienting processes, both the RLL and HR measures are 

associated with arousal inhibition processes. The inhibition account of the RLL and the HR 

stands in contrast to the classical orienting literature describing a unitary orienting response 

(e.g., Lacey & Lacey, 1970; Sokolov, 1963). Hence, one may speculate that the present 

findings are specific to the CIT paradigm. However, as more evidence has been accumulated 

over time, only the SCR consistently showed the expected effects of novelty, intensity, and 

significance (e.g., Barry, 1996, 2006, 2009; Dindo & Fowles, 2008). Specifically, while some 

studies found the HR to decelerate in response to novel stimuli (e.g., Bradley, 2009; Siddle & 

Turpin, 1987), others found the HR to be insensitive to stimulus novelty (Barry, 1977; Barry & 

James, 1981; Barry & Maltzman, 1985). Further, as compared to neutral novel stimuli, a 

greater HR deceleration has been observed for unpleasant novel, but not for pleasant novel 

stimuli (Bradley, 2009). When considering the significance factor, some studies observed a 

greater HR deceleration in response to significant stimuli (e.g., Feld, Specht, & Gamer, 2010; 

Stormark, 2004), while others found that stimulus significance is neither reflected by HR 

deceleration nor by respiratory suppression (e.g., Baker, 2008; Barry, 1981; Coles & Duncan-

Johnson, 1975; Greene, Dengerink, & Staples, 1974; Vico, Guerra, Robles, Vila, & Anllo-

Vento, 2010). These latter findings are more relevant in the context of our experiment as the 

critical CIT items were personally significant. Thus, it seems that the RLL and HR may not be 
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that sensitive to stimulus significance. As such, it may not be surprising that no shortening of 

the RLL and no deceleration of the HR were observed in the reveal condition. Taken 

together, our findings are inconsistent with the classical unitary view of the orienting 

response and support a response fractionation model. 

The present findings are only partially consistent with the preliminary process theory 

(PPT) proposed by Barry and his colleagues (i.e., Barry, 1996, 2006, 2009). Although the PPT 

provides a principal framework for explaining the phenomenon of physiological response 

fractionation, it cannot explain the fractionation of responses observed in the present study. 

According to the PPT, the SCR is a pure measure of the orienting response, while the other 

autonomic measures reflect earlier processing stages (i.e., HR reflects stimulus registration 

and RLL reflects novelty registration). As both stimulus registration and stimulus novelty 

were unlikely to be affected by the motivation to conceal or reveal, the PPT would predict a 

similar CIT effect in the two motivational conditions. Moreover, as the PPT relates HR to the 

mere process of stimulus registration, it cannot explain the enhanced HR deceleration to 

critical stimuli in the conceal condition (see Ben-Shakhar, Gamer, Iacono, Meijer, & 

Verschuere, 2015). 

 

The Witness Versus Identity Manipulation 

The primary difference between this study and the study reported by klein Selle et al. 

(2016) is the type of critical stimuli used. Specifically, while klein Selle et al. (2016) relied on 

mock crime-related items, the present study relied on identity-related items. These identity 

items were either of high or low salience, as confirmed by the significance ratings. 

Importantly, however, both studies revealed a similar fractionation of the responses. 

Unlike klein Selle et al. (2016), the present study included a well-validated measure 

of pa ti ipa ts  e otio al state: the DES. This scale includes a number of negative emotions 

that were most likely to be affected by our manipulation (i.e., anger, shame, fear, guilt). 

Although the results revealed some small changes in emotion (DES2 – DES1), these changes 

did not differ systematically for participants in the conceal and the reveal conditions. Hence, 

it seems that our physiological findings cannot be explained by a difference in emotional 

state. Similarly, we observed some small differences in the arousal ratings (see Appendix B 

and Table 2). However, in contrast to what might have been expected, the critical items 
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received higher arousal ratings in the reveal than in the conceal condition. Hence, it seems 

that our physiological findings cannot be explained by a difference in experienced arousal, 

either. 

 

Applied Implications 

The response fractionation model can account for a number of previously 

unexplained findings. For instance, as the model suggests that only the SCR reflects an 

orienting response (which is known to habituate), it can explain why this measure is more 

sensitive to habituation than the RLL and HR (e.g., Ben-Shakhar & Elaad, 2002; Elaad & Ben-

Shakhar, 1997; Gamer, Godert, Keth, Rill, & Vossel, 2008). Further, it may explain why the 

RLL and HR measures are more resistant to countermeasures than the SCR (Ben-Shakhar & 

Dolev, 1996; Honts, Devitt, Winbush, & Kircher, 1996; Peth, Suchotzki, & Gamer, 2016). 

Specifically, no matter what countermeasures are used (e.g., mental, physical), examinees 

motivated to conceal are likely to attempt to inhibit physiological arousal (as reflected by the 

RLL and HR). In contrast, as such countermeasures may enhance the saliency of the control 

items, they may also increase the size of the orienting response to these items (as reflected 

by the SCR). Consequently, SCR differentiation (critical vs. control) may decrease when 

examinees perform countermeasures.    

Besides explaining previous results, the current findings allow for the formulation of 

a number of suggestions that could potentially benefit forensic practitioners. Clearly, each of 

these suggestions is made cautiously and requires additional research. First, as the SCR is 

more sensitive to habituation, it is proposed that less weight be given to this measure when 

the test takes a long time. In addition, as the SCR is affected by item salience, CIT detection 

efficiency using this measure may be diminished when the test relies on low salient items. 

Hence, it is suggested that more weight be given to the RLL and HR measures when the high 

salient information has been compromised (e.g., by leakage to the media). Furthermore, as 

the RLL and HR are driven by arousal inhibition, these measures may also be sensitive to 

manipulations of response inhibition and consequently to a deceptive response. Hence, it is 

suggested to i st u t e a i ees to a s e  de epti el  i.e., o . Fi all , CIT dete tio  

efficiency using the RLL and HR measures may be enhanced for individuals with poor 

inhibitory skills. If such individuals can be identified using a preliminary screening test, it is 
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suggested that more weight be given to the RLL and HR measures (see Matsuda, Ogawa, 

Tsuneoka, & Verschuere, 2015; Noordraven & Verschuere, 2013).  

 

Limitations  

 As it was crucial to equalize the orienting response in the two motivational 

conditions, participants in the reveal condition received a similar motivational incentive as 

participants in the conceal condition. The motivation to reveal might, however, have 

prohibited a passive viewing of the items and induced the need to increase, rather than 

inhibit, physiological arousal. To prevent such deliberate increases in arousal, it was explicitly 

explained to participants that the detection of the critical identity items depends on 

automatic changes in their physiological responses. Thus, in order to enable detection, 

participants in the reveal condition simply had to recognize the identity items. Indeed, 

pa ti ipa ts  self-reported efforts to increase physiological arousal were similar in the two 

motivational conditions.  

 Similar to klein Selle et al. (2016), we observed a lengthening of the RLL in the 

condition attempting to eliminate inhibition (i.e., witness and reveal conditions). Although 

this lengthening was significant for both participants who reported using respiratory 

countermeasures and for participants who did not report using such countermeasures, it 

was significantly larger in the former group. Considering the augmenting effect of these 

countermeasures on the RLL, one may wonder whether the smaller lengthening in the no-

countermeasure group may also be explained by (nonreported) countermeasures. 

Furthermore, the lengthening of the RLL in the reveal condition might have partly masked a 

decelerative HR response. 

Due to the lack of evidence that the inhibition factor is affected by item salience, we 

predicted that especially the SCR (orienting measure) would be influenced by the salience 

manipulation. Still, one might argue that both arousal and the need to inhibit this arousal (as 

reflected by the RLL and HR) may be stronger for high than for low salient items. Our results, 

however, showed no influence of item salience on the RLL and HR. 

Finally, participants were notified of their test result (i.e., succeeded/not succeeded 

to conceal/reveal) before they completed the item ratings and motivation/effort 
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questionnaire. Although they were asked to rate the stimuli and their motivation/effort as 

experienced during the CIT, awareness of the test result might have affected their answers. 

 

Future Directions  

The present study included three autonomic nervous system measures commonly 

used for the detection of concealed information. Recent CIT studies, however, have also 

relied on central nervous system measures, such as fMRI and ERPs, and behavioral 

measures, such as reaction times (RTs; e.g., Farwell & Donchin, 1991; Rosenfeld et al., 1988; 

Seymour, Seifert, Mosmann, & Shafto, 2000; Suchotzki et al., 2015). While fMRI measures 

have been suggested to reflect both orienting and response inhibition (Gamer, 2014; but see 

Suchotzki et al., 2015), it has been debated which of these processes drives the P300 

component of the ERP (e.g., Donchin et al., 1984). Likewise, enhanced RTs have been 

primarily associated with the inhibition factor (Seymour & Schumacher, 2009; Verschuere & 

De Houwe , ; ho e e , it has t ee  ell i estigated hethe  RTs a e affe ted  

orienting (for an exception, see Suchotzki et al., 2015). Importantly, the present 

manipulation may be of use to disentangle the roles of orienting and inhibition in the CIT 

based on central nervous system and behavioral measures. We would also like to encourage 

other researchers to think of alternative manipulations that may be more successful in 

separating arousal from response inhibition. 

 

Conclusions 

 The present study confirmed earlier findings by klein Selle et al. (2016) and revealed 

a fractionation between the different physiological measures. Specifically, while the SCR 

increased in both motivational conditions, the RLL shortened and the HR decelerated solely 

when participants were motivated to inhibit their physiological arousal (i.e., conceal 

condition). Moreover, only the SCR was affected by item salience. These results further 

strengthen our conclusion that, while the increase in SCR is driven by orienting, the 

shortening of the RLL and deceleration of the HR are driven by arousal inhibition. 
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Appendix A  

Verbatim instructions for the conceal condition: 

You a e a out to take a e o  test i  hi h ou a e asked to conceal your identity and in 

the meanwhile we will measure your physiological responses.  

In the test you will be presented with several items, including your identity items. The test is 

based on the theory that our physiological responses will automatically change when we are 

exposed to the items related to our identity. 

Therefore, your goal is to prevent the computer from detecting your identity details. If you 

will succeed in your task, you will receive a 10 NIS bonus. The possible test results are 

su eeded i  ou  task  o  ot su eeded i  ou  task . 

 

Verbatim instructions for the reveal condition: 

You a e a out to take a e o  test i  hi h ou a e asked to reveal your identity and in 

the meanwhile we will measure your physiological responses.  

In the test you will be presented with several items, including your identity items. The test is 

based on the theory that our physiological responses will automatically change when we are 

exposed to the items related to our identity. 

Therefore, your goal is to allow the computer to detect your identity details. If you will 

succeed in your task, you will receive a 10 NIS bonus. The possible test results are 

su eeded i  ou  task  o  ot su eeded i  ou  task . 
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Appendix B 

Three separate three-way mixed ANOVAs (Condition × Item Type × Item Salience) were 

performed on the item ratings. Each of the ANOVAs revealed a significant main effect of 

item type (significance: F(1,107) = 3163.34, f = 5.44, p < .001; arousal: F(1,107) = 653.19, f = 

2.47, p < .001; valence: F(1,107) = 410.20, f = 1.96, p < .001), indicating higher ratings for 

critical compared to control items, and a significant main effect of item salience 

(significance: F(1,107) = 57.05, f = .73, p < .001; arousal: F(1,107) = 34.13, f = .57, p < .001; 

valence: F(1,107) = 102.71, f = .98, p < .001), indicating higher ratings for high salient 

compared to low salient items. Further, each of the ANOVAs revealed a significant Item Type 

× Item Salience interaction effect (significance: F(1,107) = 37.73, f = .59, p < .001; arousal: 

F(1,107) = 21.11, f = .44, p < .001; valence: F(1,107) = 92.89, f = .93, p < .001). Follow-up 

paired sample t tests revealed that the critical-control difference was larger for high salient 

than for low salient items (significance: t(108) = 6.09, p < .001, d = .58; arousal: t(108) = 4.56, 

p < .001, d = .44; valence: t(108) = 9.40, p < .001, d = .90). Further, the Condition × Item Type 

interaction was significant only in the ANOVA on the arousal ratings, F(1,107) = 4.94, f = .22, 

p = .028. A follow-up independent samples t test revealed that the critical-control difference 

in arousal was significantly larger in the reveal than in the conceal condition, t(107) = -2.22, p 

= .028, d = -.43. Finally, the Condition × Item Type × Item Salience interaction was significant 

only in the ANOVA on the valence ratings, F(1,107) = 7.01, f = .26, p = .009. This interaction 

was further examined by performing within each experimental condition a 2-way repeated 

measures ANOVA (Item Type × Item Salience). The Item Type × Item Salience interaction was 

significant in both ANOVAs (conceal: F(1,107) = 58.38, f = 1.04, p < .001; reveal: F(1,107) = 

35.10, f = .81, p < .001), indicating that the critical-control difference was larger for high 

salient than for low salient items in both the conceal and reveal conditions. 
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Appendix C 

ROC curves are typically derived by comparing the detection score distribution of 

knowledgeable individuals (in this case either individuals in the conceal or reveal conditions) 

with the detection score distribution of unknowledgeable individuals. The area under the 

ROC curve describes the detection efficiency of the CIT across all possible cut-off points on 

the detection score and varies between 0 and 1, with a chance level of 0.5 (for a more 

detailed description of signal detection analysis as applied to the detection of concealed 

information, see Lieblich et al., 1970). As the present experiment did not include a sample of 

unknowledgeable (innocent) participants, we used a simulation procedure to estimate their 

expected detection score distribution (see Meijer, Smulders, Johnston, & Merckelbach, 

2007). The simulation is based on the assumption that the critical items hold no special 

meaning for unknowledgeable individuals. Consequently, the critical and the control items 

will induce similar responses and the standardized responses to the critical items will have a 

mean of zero and a unit standard deviation. The average of these standardized responses 

(i.e., the detection score) would then have a mean of zero and a standard deviation of 1 

divided by the square root of the number of critical items (here 8). As the simulation 

procedure further assumes that the detection scores are distributed normally, the 

hypothetical innocents distribution was created by taking random samples n (either nconceal 

or nreveal) from a normal distribution; N , /√ . The si ulated dist i utio  as the  

compared with the empirical detection score distribution (based on either all critical items, 

only the high salient or only the low salient critical items) obtained for the knowledgeable 

participants and the area under the ROC curve was computed. In addition, we computed 

Cohe s d, defined as the standardized difference between the means of these two 

detection score distributions, where d of 0.20, 0.50 and 0.80 are considered as small, 

moderate and large effects, respectively (Cohen, 1988). This process was repeated 10,000 

times for each physiological measure in each condition and the mean d value and area, as 

well as their 95% confidence intervals across the 10,000 repetitions were computed. 

 As can be seen in Table 3, detection efficiency with the SCR measure was well above 

chance in both the conceal and reveal conditions (i.e., the confidence intervals do not 

include a chance level of 0.5), with ROC values ranging between 0.77 and 0.92. In contrast, 

detection efficiency with the RLL (with values ranging between 0.26 and 0.83) and HR (with 
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values ranging between 0.42 and 0.83) measures was significant only in the conceal 

condition. When comparing the areas (based on all critical items) obtained in the conceal 

and reveal conditions, a statistically significant difference was revealed for the RLL, Z = 9.05, 

p < .001, and the HR, Z = 4.84, p < .001, but not for the SCR (Z = 1.63, p = .102). A comparison 

of the areas obtained for the high and low salient critical items was significant solely in the 

conceal condition with the SCR measure, Z = 1.74, p = .041 (for a one-tailed test); all ROC 

comparisons were based on Ha le  & M Neil s  ethod. 
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Abstract 

The Concealed Information Test (CIT) utilizes physiological and behavioral responses to 

detect the presence of crime-related information in memory. Although there is wealth of 

evidence that the CIT can detect explicit memory, it remains elusive whether the CIT can 

detect implicit memory in healthy adults. We therefore designed two experiments aimed at 

exploring CIT sensitivity to implicit memory, using skin conductance response (SCR), 

respiration line length (RLL) and heart rate (HR) measures. In Experiment 1, Dutch 

participants were presented with Dutch words, and based upon a word stem completion 

task (implicit memory) and a recognition test (explicit memory), words were categorized into 

explicit, implicit, and no memory conditions. While CIT detection efficiency (SCR, HR) was 

significant in the explicit memory condition, it was found to be non-significant in the implicit 

memory condition. However, because detection efficiency was low even for explicit 

memory, a second experiment using deeper encoding and more CIT items was conducted. In 

Experiment 2, Israeli participants studied Dutch words and based upon a dot-clearing task 

(implicit memory) and a recognition test (explicit memory) words were categorized into 

explicit and implicit memory conditions. CIT detection efficiency (SCR, HR, RLL) in the explicit 

memory condition was again significant and stronger than in Experiment 1. CIT detection 

efficiency of implicit memory, however, remained weak and was only significant when using 

the HR measure. Taken together, although our results confirm that the CIT is sensitive to 

explicit memory, they provide no compelling evidence that the CIT would be sensitive to 

implicit memory.  

 

Descriptors: Concealed Information Test (CIT), explicit memory, implicit memory, skin 

conductance response (SCR), respiration line length (RLL), heart rate (HR) 

 

 

 

 

 

 

 



 CHAPTER 3 

  

94 

 

Memory Detection 

Memory detection using the Concealed Information Test (CIT; Lykken, 1959; 

Verschuere, Ben-Shakhar, & Meijer, 2011) provides a valid alternative to the traditional 

arousal-based Comparison Question Test. The aim of this method is to detect crime-related 

concealed memories through the measurement of several physiological and/or behavioral 

indices. In a typical CIT, examinees are presented with several multiple choice-like questions. 

For each question, one critical item (i.e., a distinctive crime-detail) is presented among a 

series of control items (e.g., Where was the victim found?... in the garage?... under the 

bridge?... in the barn?... in the river?... in the car?...). Individuals involved in the criminal 

event are expected to have encoded and stored the critical items in memory. Consequently, 

they will recognize these items and show differential responses to them in the CIT (e.g., an 

increased skin conductance response, SCR; a shorter respiration line length, RLL; and a 

deceleration of the heart rate, HR – Gamer, 2011). This pattern of differential responses 

elicited by the critical items has been labeled as the CIT effect. Extensive research has 

demonstrated large CIT effect sizes with different physiological measures and different 

concealed memory paradigms (e.g., card-test, personal items, mock-crime; see Ben-Shakhar 

& Elaad, 2003; Meijer, klein Selle, Elber, & Ben-Shakhar, 2014). 

As the CIT is essentially a "memory test", it is important to explore its sensitivity to 

different types of memory (e.g., explicit vs. implicit). This is especially important from an 

applied perspective as explicit memory cannot be ensured in real-life forensic cases. 

Specifically, the crime-related information may have never been explicitly encoded by the 

culprit. Moreover, even when the information has been explicitly encoded, this type of 

memory may fade away simply due to the passage of time. Especially at long time delays 

such as in real-life cases (see e.g., Elaad, 1990; Elaad, Ginton, & Jungman, 1992) there is an 

increased chance for explicit memory to decay. Hence, it is crucial to examine whether the 

differential response-measures used in the CIT can reflect implicit memory. If so, this would 

greatly enhance the applicability of the test and, if not, it would greatly limit the applicability 

of the test. In any case, it would shed light on an important question in this research area, 

given the apparent weaknesses of explicit memory. 

 

Explicit Versus Implicit Memory 
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 Memories of past events are not always verbally accessible, but may be preserved in 

an implicit form. While explicit memory involves conscious recollection of past events, 

implicit memory is an unintentional, nonconscious form of retention (see Schacter, 1992). 

During the last two decades, a number of studies have shown dissociation between explicit 

and implicit memory using a combination of retention tasks (Graf & Schacter, 1985). The 

most compelling evidence for this dissociation comes from amnesic patients who often 

perform at chance in explicit memory tests, but perform normally in implicit memory tests 

(e.g., Graf & Schacter, 1985; Graf, Squire, & Mandler, 1984). Graf et al. (1984), for instance, 

assessed the memory performance of three kinds of amnesic patients (patients with 

Korsakoff syndrome, patients receiving bilateral electroconvulsive therapy, and patients with 

anoxic encephalopathy) and found these patients to be impaired on different measures of 

explicit memory (i.e., free recall, recognition, and cued recall), but to perform normally on a 

measure of implicit memory (i.e., word completion). 

 A comparable pattern of explicit and implicit memory performance has been 

observed in healthy individuals when cognitive load is high (e.g., Jenkins, Burton, & Ellis, 

2002), when a shallow encoding task is used (Roediger & McDermott, 1993), or when tested 

after a long delay from encoding (e.g., Kolers, 1976; Mitchell & Brown, 1988; but see also 

Moscovitch & Bentin, 1993). In the studies manipulating time-delay, individuals were tested 

at different intervals (from a week to a year), for both explicit and implicit memory of 

previously encoded stimulus material (e.g., pictures, inverted text). Mitchell and Brown 

(1988) for example used a picture-naming paradigm; participants were presented with a 

large array of pictures and were requested to name each picture as quickly as possible. 

Implicit and explicit memory performance was tested 1 week, 4 weeks and 6-weeks later. 

Consistent with other studies, persistent priming effects were observed over the 6-weeks 

period. Episodic recognition, on the other hand, showed a decline across this time interval. 

Thus, in contrast to explicit memory performance, implicit memory performance remains 

relatively stable over time.  

 

Explicit Memory in the CIT 

Nearly all CIT research up to date has focused on explicit memory. These studies 

revealed a clear positive association between explicit recollection and CIT detection 
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efficiency (e.g., Carmel, Dayan, Naveh, Raveh, & Ben-Shakhar, 2003; Iacono, Boisvenu, & 

Fleming, 1984). Carmel et al. (2003), for instance, compared a standard mock crime 

procedure, where all the relevant details are specified in advance to a more realistic 

procedure and found that both recall and SCR detection efficiency were attenuated in the 

realistic paradigm. Using a code word paradigm, Waid, Orne, Cook, and Orne (1978) found 

CIT detection efficiency to be positively correlated with the number of words recalled after 

the test. Moreover, recalled items were more likely to evoke a SCR than non-recalled items 

(see also Waid, Orne, & Orne, 1981). A similar positive correlation between recall and skin 

conductance has also been observed in orienting response studies (e.g., Corteen, 1969; 

Maltzman, Kantor, & Langdon, 1966; McLean, 1969). These findings imply that CIT detection 

efficiency for explicit memory is likely to be higher than that for implicit memory, but it 

leaves the question of whether the CIT is sensitive to implicit memory unanswered.  

 

Is the CIT Sensitive to Implicit Memory? Clinical Evidence  

A number of clinical observations support the sensitivity of the CIT to implicit 

memory. Bauer (1984) indexed spared recognition in a patient with prosopagnosia (i.e., a 

profound inability to recognize faces). The prosopagnosic patient was shown two sets of 

faces, one including famous personalities and one including family members. During the 

presentation of each face, five names, only one of which matched the face, were presented 

auditorily. As expected, the patient was unable to spontaneously identify any of the faces 

and performed at chance level when asked to select the correct name from the five 

alternatives. Electrodermal discrimination of the name that matched the correct identity was 

however well above chance and comparable to control subjects. Two follow-up studies with 

patients suffering from prosopagnosia found similar results and suggest that SCR 

differentiation can represent covert recognition (Bauer & Verfaellie, 1988; Tranel & 

Damasio, 1985). Importantly however, the results of these case studies should be 

interpreted with caution as they are based on either one or two patients. 

Using a CIT-paradigm, case-studies of patients suffering from the "amnesic 

syndrome" also revealed discriminate SCRs (n = 1; Verfaellie, Bauer, & Bowers, 1991) and 

event-related potentials (ERPs; n = 1; Lalouschek et al., 1997) to items that could not be 

explicitly recalled or recognized. Likewise, Allen and Movius (2000) used a CIT paradigm to 
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examine amnesia associated with Dissociative Identity Disorder (DID) in a sample of four 

patients. DID is characterized by the presence of at least two identities that alternately 

control the individual's behavior. These identities are allegedly accompanied by amnesia of 

personal information, which goes beyond that of ordinary forgetfulness, usually referred to 

as inter-identity amnesia. The authors administered a learning protocol to one personality 

and tested a second personality for recognition in the CIT. While the second identity denied 

knowledge of the learned material, enhanced ERPs and response latencies were observed, 

which seem to point to an implicit familiarity of the material (see also Huntjens, Verschuere, 

& McNally, 2012). The status of amnesia in DID patients is however strongly debated, and 

the case can be made that the CIT actually assessed explicit memory (e.g., Huntjens et al., 

2012; Kong, Allen, & Glisky, 2008; Merckelbach, Devilly, & Rassin, 2002). 

 

Is the CIT Sensitive to Implicit Memory? Experimental Evidence 

 Although memory is typically high in laboratory CIT studies, it is known to decrease 

with time, and especially when tested on memory for peripheral CIT items (Gamer, Kosiol, & 

Vossel, 2010; Gronau, Elber, Satran, Breska, & Ben-Shakhar, 2015; Nahari & Ben-Shakhar, 

2011; Peth, Vossel, & Gamer, 2012). Considering that memory loss is not an all-or-none 

phenomenon and may be confined to the explicit system, an examination of the differential 

responses to the explicitly forgotten items (as indicated by a recognition or recall test), may 

provide some insight into the sensitivity of the CIT to implicit memory. Gamer et al. (2010) 

did exactly this and revealed a trend for the forgotten critical items to elicit a CIT effect 

Cohe s ƒ = 0.19). This finding indicates that the sensitivity of the measures used in the CIT 

may expand beyond conscious recognition. The previous is supported by a CIT study using a 

subliminal perception paradigm (Maoz, Breska, & Ben-Shakhar, 2012). There is an apparent 

parallel between implicit memory and subliminal perception. In implicit memory there is 

evidence of memory despite the subjects' claim that they can't remember, and in subliminal 

perception there is evidence of perception despite the subjects' claim that they can't 

perceive. Maoz et al. (2012) showed that subliminally presented personally significant items 

can elicit a SCR-CIT effect. It bears mentioning however that in spite of the usage of highly 

significant personal items (i.e., first name, family name), the effects were rather small and 

solely observed in the first block of the CIT.  
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Further evidence for the implicit sensitivity of the CIT comes from a number of other 

research areas. Some of the most convincing evidence yet comes from two different child 

studies examining covert face recognition of former classmates (i.e., Newcombe & Fox, 

1994; Stormark, 2004). Even though verbal responses did not differentiate between former 

classmates and unfamiliar children, increased SCRs and more pronounced HR deceleration to 

former classmates, compared to unfamiliar children, were observed. Some indirect support 

comes from studies using different subliminal presentation methods. For instance, phobic 

participants have been shown to react with stronger SCRs when presented with masked 

phobic-related pictures or words as compared to masked neutral pictures or words (Öhman 

& Soares, 1994; van den Hout, de Jong, & Kindt, 2000). These findings were extended to 

normal subjects showing stronger SCRs to subliminally presented aversive words, compared 

to subliminally presented neutral words (Silvert, Delplanque, Bouwalerh, Verpoort, & 

Sequeira, 2004). Finally, several other studies examining conditioning (Wiens, Katkin, & 

Öhman, 2003), learning (Bechara, Damasio, Tranel, & Damasio, 1997) and perception 

(Soares & Öhman, 1993), suggest that increased SCRs can occur in the absence of 

phenomenal awareness.  

 

The Present Study 

There is wealth of evidence that the CIT can detect explicit memory. However, in 

spite of the experimental and clinical findings presented above, it remains elusive whether 

implicit memory can actually be detected by the CIT in healthy individuals. We therefore 

designed two experiments with as aim to create explicit as well as implicit memory within 

participants. To increase our chances of finding "pure" implicitly remembered items, we 

relied on two different methods that are known to reduce explicit, but not implicit 

recognition (see above). Specifically, while Experiment 1 relied on a shallow encoding task 

(prompting implicit encoding), Experiment 2 relied on an extended interval between 

encoding and test (prompting the forgetting of explicitly encoded information). Based on 

previous findings from a variety of research domains (e.g., Bauer, 1984; Maoz et al., 2012; 

Stormark, 2004), we expected implicitly remembered critical items to be successfully 

detected in the CIT. Further, based upon research showing a clear link between explicit 

memory and physiological responding in the CIT (Carmel et al., 2003; Iacono et al., 1984), CIT 
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detection efficiency was expected to be higher for explicitly compared to implicitly 

remembered items. Finally, forgotten critical items were expected to be undetectable. 

 

 

 

Figure 1. Experimental design of Experiment 1: Part 1 (memory formation) and part 2 

(memory detection). 

 

Experiment 1 

Experiment 1 was divided into two parts: memory formation (part 1) and memory detection 

(part 2, see Figure 1 and procedure). Part 1 relied on a 4-phased experimental design aimed 

at creating explicit, implicit and no memory within participants. This resulted in three within-

subject experimental conditions: (1) Explicit memory; (2) Implicit memory; (3) No memory. 

Specifically, part 1 started with a study (i.e., encoding) phase in which participants were 
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presented twice with 30 critical items. Next, in the implicit memory phase, participants 

performed a word stem completion task and in the final explicit memory phase, which 

followed a distracter phase, participants performed a recognition memory test. Based on the 

results of the implicit and explicit memory phases, the number of explicitly remembered, 

implicitly remembered and forgotten items were determined. Participants with at least one 

item in each condition continued to part 2 of the experiment in which the CIT was 

administered (see Figure 1). 

 

Method 

Participants  

One hundred and thirty-five young Dutch adults (91 women) with an age range of 

18–32 (M = 22.5, SD = 2.7 years) participated in part 1 of the study, aimed at creating explicit 

memory, implicit memory and no memory within each individual (see procedure). Forty-five 

(28 women; aged 18–31, M = 22.6, SD = 3.0 years) of them proceeded to part 2 of the study 

(i.e., the CIT); ninety participants had no available critical item for at least one of the 

memory conditions. All participants were native speakers of Dutch and received either 

course credits or a monetary compensation of 10 Euro per hour. Each participant read and 

signed a consent form indicating that participation was voluntary and that they could 

withdraw from the experiment at any time without penalty. The experiment was approved 

by the ethical committee of the Faculty of Social and Behavioral Sciences of the University of 

Amsterdam (EC No. 2015-CP-4113). 

 

Data Acquisition and Reduction 

The experiment was conducted in an air-conditioned laboratory. The apparatus 

included a Dell Optiplex 9020 computer for stimulus presentation on a Samsung S24D590 

monitor and a second Dell Optiplex 9020 computer with Vsrrp98 software for recording of 

the physiological data. 

 Electrodermal activity was measured using an amplifier with a sine-shaped excitation 

voltage (1V peak-peak) of 50 Hz and two curved Ag/AgCl electrodes (20 x 16mm). Dry 

electrodes were placed on the distal phalanges of the left index and left ring finger. SCRs 
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were defined as the maximal increase in conductance obtained from 1–5 s after stimulus 

onset. 

The electrocardiogram (ECG) was recorded by placing three Ag/AgCl electrodes in a 

modified Einthoven lead II configuration. The ECG signal was sampled at 1000 Hz. To detect 

the R peaks, the signal was lead through a peak filter at 17 Hz and analyzed by using the first 

derivative of the resulting trace. An adaptive algorithm removed outliers from the trace. The 

interbeat intervals (IBIs) were converted to HR in beats per minute (bpm) per real-time 

epoch (1 s). These second-by-second post-stimulus HR values were baseline-corrected by 

subtracting the average HR value in the second preceding stimulus onset (i.e., the pre-

stimulus baseline value), resulting in 10 post-sti ulus diffe e e s o es ΔHR 1. The average 

of all ΔHR s o es has ee  fou d to outpe fo  the i i u  of all ΔHR s o es as a 

detection measure (Gamer, Verschuere, Crombez, & Vossel, 2008) and was therefore the 

preferred statistic when analyzing the data. 

For both measures, individual responses were removed if excessive movements were 

made during the measurement window or if the response was an outlier (Z score larger than 

5 or smaller than -5). Further, similar to klein Selle, Verschuere, Kindt, Meijer, and Ben-

Shakhar (2016) non-responsivity was based on the within-participant standard deviation of 

the raw SCR scores. Participants whose standard deviation was below 0.01 μS in either two 

or three blocks of the CIT were considered to be skin conductance non-responders and their 

SCR data was eliminated from all analyses. In case of non-responsivity in one of the blocks, 

only the data from the respective block was removed.  

 

Items 

Four sets of 30 items (i.e., Dutch words), totaling 120 items, were created for the 

present experiment (see Appendix A). All items in set 1 were taken from Moors et al. (2013) 

and were rated as "average" (on a scale of 1–7) on valence, arousal and dominance: Mvalence 

= 4.55, Marousal =  4.02, Mdominance = 3.99. These items were chosen such that each item 

belonged to a different item-category (i.e., fruit, animals). The additional three item-sets 

were created by choosing for each item in set 1 three alternative items from the same 

                                                 
1
 Due to the relatively short inter-stimulus interval (5–9 s), a 1 s pre-stimulus baseline was used. In Experiment 

2, the inter-stimulus interval was increased (14–18 s) and, hence, a 3 s pre-stimulus baseline was used. 
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category. Importantly, all items were selected on basis of the following criteria: six to nine 

letters, no two items had the same word-stem of three letters, and each word-stem could be 

completed with at least five unique solutions. At the outset of the experiment, one of the 

four item-sets was assigned to participants, such that each set served as the critical set for 

25% of the participants. An additional set of buffer items (six to nine letters), did not 

necessarily satisfy the other two constraints (as buffer items were solely used in the memory 

detection phase; see procedure below). Finally, a set of sixty filler items, selected from 

different item-categories, was used in the implicit memory phase (see procedure below) and 

satisfied the same three constraints. 

 

Procedure  

Part 1: Memory formation. In order to create both implicit and explicit memory 

within participants, the first part of the experiment was divided into four different phases: 

the study phase, the implicit memory phase, the distracter phase and the explicit memory 

phase (see Figure 1). The duration and content of the different phases was carefully 

constructed based on an extensive pilot study in which the presentation-time of items in the 

study phase, the number of distracter items in the study phase, the number of filler items in 

the implicit memory phase and the formulation of the answer-options in the explicit 

memory phase were varied. The final design optimized our chances of finding at least one 

explicitly remembered, one implicitly remembered and one forgotten item per participant. 

Experimenter 1 provided all participants with general instructions about the four 

different phases and explained that all tasks in this part of the experiment would be 

performed independently on the computer. Each of the four phases started with written 

instructions on the computer monitor, reminding participants about the to-be-followed task. 

 Study phase – At the beginning of the study phase, a fixation cross appeared for 500 

ms at the center of the computer monitor. Then, 30 critical items were presented twice in a 

consecutive order; each item was shown for 1 s, with no interruption between successive 

trials. The order of item-presentation was randomly determined, with one restriction, 

namely that the same item could not appear twice in a row. In order to ensure 100% 

identification accuracy of the items, participants were instructed to read the items out loud. 
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Importantly, the task was introduced as an attention test, in order to prevent participants 

from using explicit memorization strategies. 

Implicit memory phase – The implicit memory phase consisted of a Word Stem 

Completion (WSC) task, which is a widely used implicit memory test (Rajaram & Roediger, 

1993). In line with previous research, the WSC task was ostensibly unrelated to the prior 

study phase (Graf & Schacter, 1985) and was introduced as a letter game. Specifically, 

participants were presented with 90 word-stems, which were composed of the first three 

letters of either a critical or a filler item (e.g., aar____). Thus, the word stems either did (for 

30 critical stems) or did not (for 60 filler stems) correspond to the items presented in the 

study phase. The task was preceded by three practice trials, which included the same stems 

for all participants, and allowed participants to get familiar with the procedure. Taken 

together, participants were presented with a total of 93 stems (3 practice + 30 critical + 60 

filler item-stems). With the exception of the first three practice-trials, all word-stems were 

presented in a random order. Each trial started with a 500 ms fixation point, followed by the 

presentation of a stem for 4000 ms. During these four seconds participants were requested 

to complete the stem with the first word that came to mind. Stem-presentation was rather 

short to prevent the use of explicit memory strategies. Moreover, emphasis was placed on 

the i po ta e of e eali g the fi st i pulse  a d a eati e o pletio  of the ste s as 

discouraged. By disabling the backspace key, participants were unable to change their initial 

answer. Whenever the stem was completed in less than four seconds, participants could 

continue to the next stem by pressing the spacebar. Whenever the stem was not completed 

within four seconds, participants were automatically forwarded to the next trial. 

Distracter phase – In the distracter phase participants were requested to solve 

Sudoku puzzles for a time period of fifteen minutes. After reading the instructions, a first 

puzzle automatically appeared on the computer monitor. Although the puzzles were of high 

difficulty, a second puzzle automatically appeared when the first one was completed. When 

reaching the fifteen minutes time limit, all participants were redirected to the explicit 

memory phase of the experiment, regardless of their progress on the puzzle. 

Explicit memory phase – In the explicit memory phase, participants were presented 

with a total of 120 items: 30 items from the critical set (which were also presented in the 

study and the implicit memory phase) and 90 additional items from the three other sets. 
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When presented with the items, one by one, participants were requested to indicate 

whether they remembered the item and whether they remembered having read (in the 

study phase) or typed (in the implicit memory phase) the item. Specifically, participants were 

requested to select one of five possible answer-options: (1) yes, read; (2) yes, typed; (3) yes, 

read and typed; (4) yes, not sure, and; (5) no. 

CIT item selection. After completion of part 1 of the experiment, the number of 

critical item-options for each of the three CIT conditions was computed based on the results 

of the implicit and explicit memory phases of the experiment; when this number equaled 

zero in one of the conditions, the experiment was terminated (see Figure 1). Items that were 

correctly completed in the WSC task and rated as "yes, read" or "yes, both" in the explicit 

recognition test fulfilled our criteria for inclusion in the explicit memory condition. Items that 

were correctly completed in the WSC task and rated as "no" in the explicit recognition test 

fulfilled our criteria for inclusion in the implicit memory condition. Items that were 

incorrectly completed in the WSC task and rated as "no" in the explicit recognition test 

fulfilled our criteria for inclusion in the no memory condition. For each memory condition, 

one of the available options was randomly chosen to serve as critical item in the CIT (i.e., 

one explicitly remembered item, one implicitly remembered item, one forgotten item). 

When there was only one available option, it was automatically selected. Before the random 

selection, however, it was manually checked how the stems of the item-options in the no 

memory condition were completed in the WSC task. Specifically, it was checked whether the 

completed stems resembled the intended studied item and might have been misclassified 

due to either spelling (e.g., vulaan versus vulkaan) or other language mistakes (e.g., knor 

versus knorren). When resemblance was high, the item was removed from the no memory 

condition and added to the implicit memory condition, when resemblance was low the item 

was only removed as an option from the no memory condition. 

Part 2: Memory detection. Forty-five, out of one hundred and thirty-five, 

participants continued to the second part of the experiment. Experimenter 2, who was 

unaware of the critical items, attached the SCR and HR electrodes and conducted the CIT 

examination. Before the CIT, it was explained to all participants that they would undergo a 

"polygraph"-examination in which they had to hide their knowledge of the items seen during 

the study phase. Since the motivation to conceal was expected to be lower than in typical 
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CIT experiments (using a mock-crime or personal-items paradigm) and has been 

demonstrated to increase CIT detection efficiency (see Meijer et al., 2014 for a review), the 

importance of concealing knowledge of the critical items was stressed. Further, all 

participants were promised a bonus of 5 Euro as an incentive for successful concealment 

(i.e., passing the test). The bonus was paid when the average SCR standard-score, computed 

across all critical items (i.e., SCR detection score), was below 0.  

The CIT consisted of three blocks, with a break between blocks to maintain 

participants' attention. Each block was composed of the same three questions and each 

question targeted one of the critical items. Taken together, participants were presented with 

a total of 3 blocks x 3 questions = 9 questions. Each question was presented on the 

computer monitor for 10 s and at the same time the prerecorded question was played 

through the computer's loudspeakers. The order of question presentation was random in all 

blocks, except that the last question within a block could not appear as the first question in 

the succeeding block. Following question presentation, the different items appeared for 5 s 

each, with an inter-stimulus interval of 5–9 seconds (Breska, Maoz, & Ben-Shakhar, 2011). 

The first item was always a neutral, buffer item designed to absorb the initial orienting 

response. Next, 1 critical item, 3 control items and 1 catch item were presented in a random 

order. Catch items were included as an extra means of assuring that participants' attention 

remained focused on the items presented (see also Verschuere, Crombez, Degrootte, & 

Rosseel, 2010) and were random numbers between zero and ten (written in letters, in 

Dutch). When presented with a catch item, participants were requested to say the number 

out loud. In respo se to all othe  ite s, pa ti ipa ts e e e uested to sa  o  in Dutch. In 

sum, participants were presented with 9 questions x 6 items (1 buffer, 1 critical, 3 control 

and 1 catch item), totaling 54 items.  

Following the CIT, participants received a paper-and-pencil questionnaire (with 6-

point scales) in which they were asked to rate their level of motivation during the 

experiment, their efforts to conceal the critical items, their subjective memory of the critical 

items, and, although not instructed to, whether and what kind of countermeasures they 

applied. Further, participants were asked whether they noticed that part of the word-stems 

in the implicit memory phase matched the items seen in the study phase and if so, whether 
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this awareness influenced their answers in the implicit memory phase (i.e., WSC). Finally, all 

participants were debriefed and compensated for their participation in the experiment. 

 

Data Analysis 

For the main analysis a 3 × 2 repeated measures ANOVA, with memory condition 

(explicit memory vs. implicit memory vs. no memory) and item type (critical vs. control) as 

within-subject factors was performed on the raw physiological data. The predicted Memory 

Condition × Item Type interaction was followed by post-hoc comparisons with a Bonferroni 

correction. Further, in order to check whether the CIT effect was significant in the different 

conditions, we performed, per condition, a paired sample t test comparing the critical and 

control items. These t tests were supplemented by JZS Bayes factors (BFs). The JZS BF is a 

numerical value quantifying the odds ratio of the null (i.e., no response differences between 

the two item types) vs. the alternative hypothesis (i.e., larger responses to the critical than 

to the control items) given the data (Rouder, Speckman, Sun, Morey, & Iverson, 2009). A 

default JZS prior with scaling factor r = 0.707 was used for the alternative hypothesis. 

Importantly, the BFs are reported as either favoring the null or the alternative hypothesis 

and a BF of 3 or more is taken as substantial evidence for the respective hypothesis (Jeffreys, 

1961). 

As we were primarily interested in the implicit sensitivity of the CIT, we used the 

more powerful one-tailed test for all analyses with a clear directional prediction. A rejection 

region of p < .05 was used for all statistical tests and Cohen's ƒ values were computed as 

effect size estimates (Cohen, 1988). According to Cohen (1988), the values of f = 0.1, f = 0.25, 

and f = 0.40 correspond to small, medium, and large effects, respectively.  

 

Results 

The data of Experiment 1 are publically available on the open science framework (OSF) and 

accessible through the following link: https://osf.io/6v6hv/. 

 

Subjective Ratings 

 Participants reported high motivation (M = 5.27), high efforts to conceal knowledge 

of the critical items (M = 5.36) and moderate subjective memory of the critical items (M = 
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3.80). Further, we examined the possibility of explicit contamination in the implicit memory 

phase (i.e., WSC). In other words, whether or not participants used explicit memory 

strategies to complete the word-stems presented in the WSC task. Only two participants 

were unaware that these word-stems matched the items seen in the study phase. From the 

43 aware participants, 41 indicated to have completed the stems with the first word that 

came to mind.  

 

Main Analyses 

All skin conductance data of 4 participants (8.8%) was removed due to non-

responsivity. For the remaining participants, the skin conductance data within the first block 

of 1 participant (2.4%), the skin conductance data within the second block of 2 participants 

(4.9%) as well as the skin conductance data within the third block of 3 participants (7.3%) 

were removed due to non-responsivity. Thus, while the HR analysis is based on data of 45 

participants, the SCR analysis is based on data of 41 participants. For these participants, 3.6% 

of all SCRs and 1.2% of all HR responses to the individual stimuli were removed due to 

excessive movements and outliers. 

 

Table 1. Raw means (SDs) of the Physiological Responses to Critical and Control Items in the 

Three Within-Subject Conditions of Experiment 1; p-value; Cohen's d with 95% CI  

 
Note. As o ealed i fo atio  is asso iated ith a dia  supp essio , egati e Cohe s d values are 

expected for the HR. 

 

Measure Condition Mean raw scores (SD)  p-value Cohen's d with 95% CI 

  Critical Control   

SCR (μS) Explicit memory 0.27 (0.46) 0.19 (0.34) 0.005 0.42 (0.27, 0.57) 

 Implicit memory 0.16 (0.25) 0.15 (0.19) 0.259 0.10 (-0.09, 0.29) 

 No memory 0.15 (0.24) 0.16 (0.23) 0.692 -0.06 (-0.22, 0.09) 

HR (bpm) Explicit memory 0.47 (2.39) 1.28 (1.67) 0.030 -0.29 (-0.62, 0.05) 

 Implicit memory 1.23 (3.16) 1.14 (1.81) 0.422 0.03 (-0.34, 0.40) 

 No memory 0.66 (2.77) 0.99 (1.48) 0.461 -0.11 (-0.52, 0.30) 
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Means and standard deviations of the raw responses to critical and control items 

were computed for each memory condition and each physiological measure and are 

displayed in Table 1. As the HR typically decelerates in response to critical items, the average 

HR response to all critical items is expected to be negative. The average responses to both 

critical and control items were however positive in all three memory conditions (see Table 

1). As can be seen in Figure 2, these positive values are the result of an initial large cardiac 

acceleration. 

 

 
 

Figure 2. HR change to critical and control Items in the explicit memory, implicit memory and 

no memory conditions of Experiment 1. 

 

SCR. A 3 × 2 ANOVA on the raw SCR data revealed a significant main effect of item 

type, F(1,40) = 5.64, ƒ = .38, p = .022, and a significant main effect of memory condition, 

F(2,80) = 4.01, ƒ = .32, p = .041 afte  o e ti g fo  sphe i it , ε = .6 , that were qualified by 

the Item Type × Memory Condition interaction, F(2,80) = 3.22, ƒ = .28, p = .045. This 

interaction was followed by post-hoc comparisons with a Bonferroni correction, which 

revealed a significant difference in the responses to critical-control items between the 

explicit memory condition and the no memory condition (t(40) = 2.28, p = .042, d = .36). No 

significant difference in the responses to critical-control items between the implicit memory 

condition and the no memory condition was revealed (t(40) = .74, p = .500, d = .11). 

Similarly, no significant difference in the responses to critical-control items between the 

explicit memory condition and the implicit memory condition was revealed (t(40) = 1.70, p = 

.145, d = .27). Importantly, however, the critical-control difference was significant only in the 
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explicit memory condition, t(40) = 2.68, p = .005, d = .42, see Table 1 (implicit memory 

condition: t(40) = .65, p = .259, d = .10; no memory condition: t(40) = -.40, p = .692, d = -.06).  

In order to assess the strength of evidence in favor of the alternative hypothesis in 

the explicit memory condition and in favor of the null hypothesis in the implicit and no 

memory conditions, we computed BFs. A BF of 3.96 (favoring the alternative) was found in 

the explicit memory condition, a BF of 4.85 (favoring the null) was found in the implicit 

memory condition and a BF of 5.50 (favoring the null) was found in the no memory 

condition. Thus, while there is substantial evidence for the null hypothesis in both the 

implicit and no memory conditions, there is substantial evidence for the alternative 

hypothesis in the explicit memory condition. 

HR. A 3 × 2 ANOVA on the raw HR data revealed no significant effects (item type: 

F(1,44) = 1.65, ƒ = .19, p = .206; memory condition: F(2,88) = .76, ƒ = .13, p = .473; Item Type 

× Memory Condition: F(1,80) = 1.09, ƒ = .16, p = .340). Although the interaction-effect was 

not significant, it was crucial to check if the CIT effect (i.e., critical-control difference) was at 

least significant in the explicit memory condition. Therefore, for each memory condition, a 

paired sample t test, comparing the critical and control items, was performed. These tests 

revealed a significant difference only in the explicit memory condition, t(44) = -1.93, p = .030, 

d = -.29, see Table 1 (implicit memory condition: t(44) = .20, p = .422, d = .03; no memory 

condition: t(44) = -.74, p = .461, d = -.11).  

Just as for the SCR, we computed JZS BFs in each condition. A BF of 1.21 (favoring the 

null) was found in the explicit memory condition, a BF of 6.10 (favoring the null) was found 

in the implicit memory condition and a BF of 4.24 (favoring the null) was found in the no 

memory condition. Thus, while there is substantial evidence for the null hypothesis in both 

the implicit and no memory conditions, there is no clear evidence for either hypothesis in 

the explicit memory condition.  

 

Discussion 

The present experiment explored the sensitivity of the CIT to implicit memory in healthy 

adults. The CIT effect (i.e., critical-control difference) was not significant in the implicit 

e o  o ditio  fo  eithe  the SCR o  HR, ith effe t sizes i.e., Cohe s d) close to zero. In 

other words, the implicitly remembered critical items were undetectable using the 
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electrodermal and heart rate measures. In contrast, there was a significant CIT effect in the 

explicit memory condition for both the SCR and HR. The sizes of these effects were however 

small (dSCR = 0.42, dHR = 0.29). 

The atypical design of Experiment 1 likely affected CIT detection efficiency; the effect 

sizes in the explicit memory condition were far below the typically observed values (see the 

meta-analysis conducted by Meijer et al., 2014: SCR effect size = 1.55; HR effect size = 0.89). 

As the detection efficiency of implicit memory is expected to be lower than that of explicit 

memory, the absence of an implicit memory effect may also be due to the atypical design 

and may actually reflect a floor effect. In particular, there are two design-related factors that 

are probably responsible for the reduced detection efficiency: the small number of critical 

items and the weak memory encoding. Specifically, the present study relied on just a single 

critical item that was shallowly encoded in each condition. In contrast, the few studies 

supporting the sensitivity of the CIT to implicit memory, relied on a number of distinct 

critical items that were more deeply encoded (Bauer, 1984; Carmel et al., 2003; Newcombe 

& Fox, 1994; Stormark, 2004).  

Taking into account the previous, we tried to enhance CIT detection efficiency in 

Experiment 2 by using two, rather than one, critical item per memory condition. Further, 

encoding was strengthened by asking participants to study the critical items for several 

minutes. 

 

Experiment 2 

Using more deeply encoded information, Experiment 2 re-investigated the sensitivity of the 

CIT to implicit memory. Because of the deeper encoding, the study and the implicit/explicit 

memory phases of the experiment were separated by a week delay. This delay was expected 

to decrease explicit, but not implicit memory performance (see Kolers, 1976; Mitchell & 

Brown, 1988). Further, in the present experiment we focused on the two conditions of main 

interest (i.e., the implicit and the explicit memory conditions) and hence the no memory 

condition was dropped from the design. Thus, each participant was tested in the CIT on two 

explicitly remembered and two implicitly remembered critical items. Moreover, in order to 

increase our chances of finding at least two implicit items per participant an alternative 

implicit memory test was used (see procedure below). The design, hypotheses, and main 
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analyses of Experiment 2 were preregistered on aspredicted.org: 

https://aspredicted.org/ai6kw.pdf. As indicated in this preregistration, the aim of the 

present experiment is to collect CIT data of 40 participants. However, due to the limited 

availability of lab space and participants, the desired sample size has not been reached yet. 

The present manuscript therefore reports on the interim data while data collection for the 

full n = 40 is still ongoing (expected to be finished by June, 2017). Data will be added on the 

OSF as soon as data collection is completed. 

 

Method 

Participants   

Fifty-two undergraduate students (25 women) of the Hebrew University of Jerusalem 

(HUJI) with an age range of 21–33 (M = 24.2, SD = 2.1 years) participated in part 1 of the 

study, aimed at creating explicit and implicit memory within each individual (see procedure). 

Fifteen (5 women; aged 21–26, M = 24.1, SD = 1.8 years) of them proceeded to part 2 of the 

study (i.e., the CIT); 37 participants had less than two available critical items for at least one 

of the memory conditions. All participants were native speakers of Hebrew, with no prior 

knowledge of Dutch or German, and received either course credits or an average payment of 

55 NIS (equivalent to approximately 14.3 USD) for their participation. Each participant read 

and signed a consent form indicating that participation was voluntary and that they could 

withdraw from the experiment at any time without penalty. The experiment was approved 

by the ethical committee of the Faculty of Social Sciences of the HUJI. 

 

Data Acquisition and Reduction 

The experiment was conducted in an air-conditioned laboratory. The apparatus 

included a HP Compaq DC 5800 Microtower computer that was used to control stimulus 

presentation and compute skin conductance, respiration and heart rate.  

 Electrodermal activity was recorded using a constant voltage system (0.5V ASR Atlas 

Researches, Hod Hasharon, Israel), two Ag/AgCl electrodes (0.8 cm diameter) filled with a 

0.05 M NaCL electrolyte (TD-246, Discount Disposables) and an A/D (NB-MIO-12) converter 

with a sampling rate of 50 Hz. Electrodes were placed on the distal phalanges of the left 

https://aspredicted.org/ai6kw.pdf
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index and left ring finger. SCRs were defined as the maximal increase in conductance 

obtained from 1–5 s after stimulus onset.  

The ECG was recorded by placing three Ag/AgCl electrodes filled with an electrode 

paste in a standard Einthoven lead I configuration: one electrode attached to the distal 

phalange of the left index finger (i.e., one of the SCR electrodes), one electrode attached to 

the right wrist and the ground electrode attached to the left wrist. The ECG signal was 

sampled at 500 Hz, digitized at 12-bit resolution and filtered using a band pass of 1–35 Hz. 

Matlab was used to detect the R peaks, calculate the distance between them and apply a 

semi-automatic artefact detection and rejection procedure (similar to e.g., De Clercq, 

Verschuere, De Vlieger, & Crombez, 2006). Prior to analysis, the IBIs were converted to HR in 

bpm per real-time epoch (1 s). These second-by-second post-stimulus HR values were 

baseline-corrected by subtracting the average HR value in the 3 s preceding stimulus onset 

(i.e., the pre-stimulus baseline value), resulting in 15 post-sti ulus diffe e e s o es ΔHR .  

 Respiration was also recorded in Experiment 2 by using a respiratory band positioned 

around the thoracic area. Respiration responses were defined on the basis of the total RLL, 

which is a composite measure of respiratory amplitude (depth of breathing) and respiratory 

cycle (rate of breathing), during the 0.5-s to 13.5-s interval following stimulus onset. 

Following Elaad et al. (1992), we defined each response as the mean of ten length measures 

(0.1 s after stimulus onset through 13.1 s after stimulus onset, 0.2 s through 13.2 s after 

stimulus onset, etc.). In other words, ten 13-s windows were created, each beginning 0.1 s 

later than the previous window, and the RLL was defined as the mean of the ten length 

measures computed for the ten windows.  

 

Items 

Two sets of items (Dutch words), a studied and a non-studied set, were created for 

the present experiment (see Appendix B). All items were taken from Moors et al. (2013) and 

rated as "average" (on a scale of 1–7) on valence, arousal and dominance: Mvalence = 4.12, 

Marousal = 4.13, Mdominance = 4.06. Importantly, all items were between four to nine letters long 

and had low resemblance to words in languages that participants were likely to be familiar 

with (English, French or Hebrew). The studied item-set contained 30 different Dutch words 

and was used in the study phase, the implicit/explicit memory phase and the memory 
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detection phase of the experiment. The non-studied item-set, on the other hand, contained 

40 different Dutch words and was used in the implicit/explicit memory phase and the 

memory detection phase of the experiment (see procedure below).  

 

 
 

Figure 3. Experimental design of Experiment 2: Part 1 (memory formation) and part 2 

(memory detection). 

 

Procedure 

Similar to Experiment 1, Experiment 2 consisted of a memory formation and a 

memory detection part. Part 1 (i.e., the memory formation part) was composed of two 

(rather than 4) different phases that were separated by a week delay: the study phase and 

the implicit/explicit memory phase (see Figure 3). Thus, in contrast to Experiment 1, there 

was no distracter phase and the implicit and explicit memory phases were combined into a 

single memory test. The duration and content of the different phases was carefully 
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constructed based on an extensive piloting phase in which the number of studied items, the 

number of study rounds, the study time and the formulation of the answer-options in the 

implicit/explicit memory phase were varied. 

Part 1: Memory formation. Study phase – participants were instructed to learn the 

meaning of 30 Dutch words. All items plus their Hebrew translation were presented 

simultaneously, in a randomized order, on the computer monitor and participants were 

given 7 minutes to study them. After 7 minutes, participants were tested on their knowledge 

of the Dutch items using a recall test. In this recall test, participants viewed one by one the 

Dutch items and were requested to type the correct Hebrew translation. When answering 

incorrectly or making a spelling mistake, a  e o  essage i.e., INCORRECT  as p ese ted 

at the bottom of the screen for 500 ms. Importantly, when memory was at least 70%, the 

study phase was terminated. When memory was below 70%, participants were requested to 

study the items again, now for 5 minutes. After the 5 minutes had passed, they received a 

second recall test. Participants were given a maximum of 3 study/test rounds to reach the 

70% limit; all participants succeeded to reach this limit within three rounds. 

Implicit/explicit memory phase – all participants returned to the laboratory after one 

week delay to complete the implicit/explicit memory phase of the experiment. In this phase, 

participants performed a combined implicit and explicit memory test on the previously 

learned Dutch items. Implicit memory was tested by means of a Dot Clearing Test (DCT; 

adapted from Johnston, Dark, & Jacoby, 1985) and explicit memory was tested by means of 

a recognition test. Specifically, the items were initially masked by a cloud of dots and then 

slowly came into view as the dots gradually disappeared. Participants were instructed to 

press the spacebar as soon as they were able to read the word. After pressing, the item was 

fully presented and participants were asked to indicate whether it appeared in the word-list 

that they studied the week before: (1) No, the item did not appear in the word-list, (2) The 

item maybe appeared in the word-list, and (3) Yes, the item appeared in the word-list. In 

addition to the 30 studied items, 40 non-studied Dutch items were also used in this phase of 

the experiment2. These items further served as controls and buffers in the CIT. Each of the 

                                                 
2
 A first pilot study (n = 5) showed that when participants did not learn the items from the studied set, the 

identification speed (in the DCT) of these items was similar to the identification speed of items in the non-

studied set: MRT-diff = -6.07, Cohen's d = -0.15. A second pilot study (n = 26) showed that when participants did 
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studied and non-studied items were shown 3 times, which provided a more stable 

implicit/explicit measurement; item-presentation was random, with one restriction, that the 

same item could not appear twice in a row. Thus, taken together, participants were 

presented with 70 items (30 studied + 40 non-studied) x 3 repetitions = 210 trials. These test 

trials were preceded by 4 practice trials that allowed participants to get familiar with the 

task. Finally, once all items had been presented, participants were asked to write the 

Hebrew meaning of the items that they explicitly remembered (i.e., marked at least twice 

with 3). 

 CIT item selection. After completion of part 1 of the experiment, the number of 

critical item-options for each of the two CIT conditions (explicit memory and implicit 

memory) was computed based on the results of the implicit/explicit memory phase; when 

this number was smaller than two in either of the conditions, the experiment was 

terminated. Specifically, items included in the explicit memory condition had to fulfill the 

following criteria: (a) It should have been recognized (on average) at least 100 ms faster than 

the average RT of the non-studied items in the DCT; (b) It had to be rated at least twice with 

 (i.e., "The item appeared in the word-list"); (c) its meaning in Hebrew should have been 

correctly written. Items included in the implicit memory condition had to fulfill the following 

criteria: (a) It should have been recognized (on average) at least 100 ms faster than the 

average RT of the non-studied items in the DCT; (b) It had to be rated either three times with 

1 (i.e., "No, the item did not appear in the word-list") or twice with 1 and once with 2 (i.e., 

"The item maybe appeared in the word-list")3. The 100 ms cutoff was based on our pilot 

findings, which showed a RT difference of 79.75 ms between the studied and non-studied 

item-set. When more than two options were available per condition, the two options with 

the fastest RT were selected as critical CIT items. 

Part 2: Memory detection. Fifteen (out of fifty-two) participants continued to the 

second part of the experiment in which the actual CIT was conducted. The CIT consisted of 

two blocks, with a break between blocks to maintain participants' attention. Each block was 

composed of the same four questions and each question targeted one of the critical items. 

                                                                                                                                                         
learn the items from the studied set, the identification speed (in the DCT) of these items was significantly faster 

than the identification speed of items in the non-studied set: MRT-diff = 79.75, Cohen's d = 0.78.  
3
 For four participants we added an item to the implicit memory condition that was marked twice with 2 and 

once with 1.  
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Taken together, participants were presented with a total of 2 blocks x 4 questions = 8 

questions. Each question was presented on the computer monitor for 10 s and at the same 

time the prerecorded question was played through the computer's loudspeakers. The order 

of question presentation was random in each block, except that the last question in the first 

block could not appear as the first question in the second block. Following question 

presentation, the different items appeared for 5 s each, with an inter-stimulus interval of 

14–18 s (Breska et al., 2011). The first item was always a neutral, buffer item designed to 

absorb the initial orienting response. Next, 1 critical item, 4 control items and 1 catch item 

were presented in a random order. Catch items were included as an extra means of assuring 

that participants' attention remained focused on the items presented and were similar to 

those described in Experiment 1 (except that the numbers were presented in English). When 

presented with a catch item, participants were requested to say the number out loud in 

English. In response to all other items, participants were requested to sa  o  in Hebrew. In 

sum, participants were presented with 8 questions x 7 items (1 buffer, 1 critical, 4 control 

and 1 catch items), totaling 56 items. Following the CIT, participants completed the same 

paper-and-pencil questionnaire as in Experiment 1, after which they were debriefed and 

compensated for their participation in the experiment. 

 

Data Analysis 

 For the main analyses a 2 × 2 repeated measures ANOVA, with memory condition 

(explicit memory vs. implicit memory) and item type (critical vs. control) as within-subject 

factors was performed on each of the three physiological measures. The predicted Memory 

Condition × Item Type interaction was followed up by paired sample t tests comparing the 

critical and control items, separately for the explicit and for the implicit memory conditions. 

Further, JZS BFs were computed for the critical-control comparison in the explicit as well as 

in the implicit memory condition. 

As in Experiment 1, we used the more powerful one-tailed test for all analyses with a 

clear directional prediction. A rejection region of p < .05 was used for all statistical tests and 

Cohen's ƒ values were computed as effect size estimates (Cohen, 1988). According to Cohen 

(1988), the values of f = 0.1, f = 0.25, and f = 0.40 correspond to small, medium, and large 

effects, respectively.  
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Results 

Subjective Ratings 

 Participants reported high motivation (M = 4.93), high efforts to conceal knowledge 

of the critical items (M = 4.93) and moderate to high subjective memory of the critical items 

(M = 4.00). 

 

Main Analyses 

All skin conductance data of 1 participant (7%) was removed due to non-responsivity. 

For the remaining participants, the skin conductance data within the first block of 1 

participant (7%) and the skin conductance data within the second block of 1 participant (7%) 

were removed due to non-responsivity. Thus, while the RLL and HR analyses are based on 

data of 15 participants, the SCR analysis is based on data of 14 participants. For these 

participants, 2.3% of all SCRs, 2.1% of all RLL and 3.9% of all HR responses to the individual 

stimuli were removed due to excessive movements and outliers. Means and standard 

deviations of the raw responses to critical and control items were computed for each 

memory condition and each physiological measure and are displayed in Table 2. 

 

Table 2. Raw means (SDs) of the Physiological Responses to Critical and Control Items in the 

Two Within-Subject Conditions of Experiment 2; p-value; Cohen's d with 95% CI 

 

Note. As concealed information is associated with respiratory and cardiac suppression, negative 

Cohe s d values are expected for the RLL and HR. 

Measure Condition Mean raw scores (SD)  p-

value 

Cohen s d  

with 95% CI 

  Critical Control   

SCR (μS) Explicit memory 0.32 (0.48) 0.13 (0.17) 0.023 0.59 (0.27, 0.90) 

Implicit memory 0.13 (0.28) 0.10 (0.26) 0.128 0.32 (0.13, 0.50) 

RLL (arb.     

units) 

Explicit memory 2230.31 (369.80) 2453.98 (536.94) 0.009 -0.69 (-1.10, -0.29) 

Implicit memory 2288.45 (505.88) 2382.06 (435.09) 0.081 -0.38 (-0.67, -0.09) 

HR (bpm) Explicit memory -0.77 (1.92) 0.44 (1.36) 0.042 -0.48 (-1.27, 0.31) 

Implicit memory -1.04 (3.37) 0.64 (1.49) 0.035 -0.50 (-1.15, 0.14) 
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SCR. A 2 × 2 repeated measures ANOVA revealed a significant main effect of item 

type, F(1,13) = 4.53, ƒ = .59, p = .027, but no significant main effect of memory condition 

(F(1,13) = 3.11, ƒ = .49, p = .101). Moreover, the predicted Memory Condition × Item Type 

interaction-effect was significant, F(1,13) = 4.97, ƒ = .62, p = .022. Follow-up paired sample t 

tests revealed a significant critical-control difference in the explicit memory condition, t(13) 

= 2.20, p = .023, d = .59, but not in the implicit memory condition, t(13) = 1.19, p = .128, d = 

.32. These results were strengthened by BFs: a value of 3.24 (favoring the alternative) was 

found for the explicit memory condition and a value of 1.20 (favoring the null) was found for 

the implicit memory condition. Thus, while there is substantial evidence for the alternative 

hypothesis in the explicit memory condition, there is no clear evidence for either hypothesis 

in the implicit memory condition.  

RLL. A 2 × 2 repeated measures ANOVA revealed a significant main effect of item 

type, F(1,14) = 10.68, ƒ = .87, p = .003. Both the main effect of memory condition (F(1,14) = 

.02, ƒ = .04, p = .884) and the Memory Condition × Item Type interaction (F(1,14) = 1.35, ƒ = 

.31, p = .133) failed to reach significance. However, as we were primarily interested in the 

implicit sensitivity of the CIT, we did follow the non-significant interaction up with paired 

sample t tests. The t tests revealed a significant critical-control difference in the explicit 

memory condition, t(14) = -2.68, p = .009, d = -.69, but not in the implicit memory condition, 

t(14) = -1.47, p = .081, d = -.38. These results were strengthened by the BFs: a value of 6.84 

(favoring the alternative) was found for the explicit memory condition and a value of 1.16 

(favoring the alternative) was found for the implicit memory condition. Thus, while there is 

substantial evidence for the alternative hypothesis in the explicit memory condition, there is 

no clear evidence for either hypothesis in the implicit memory condition.  

HR. A 2 × 2 repeated measures ANOVA revealed a significant main effect of item 

type, F(1,14) = 8.91, ƒ = .80, p = .005. Just as for the RLL, both the main effect of memory 

condition (F(1,14) = .01, ƒ = .02, p = .946) and the Memory Condition × Item Type interaction 

(F(1,14) = .16, ƒ = .11, p = .347) failed to reach significance. However, as we were primarily 

interested in the implicit sensitivity of the CIT, we did follow the non-significant interaction 

up with paired sample t tests. The t tests revealed a significant critical-control difference in 

both the explicit memory condition, t(14) = -1.85, p = .042, d = -.48, and the implicit memory 

condition, t(14) = -1.95, p = .035, d = -.50. These results were strengthened by the BFs: a 
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value of 1.95 (favoring the alternative) was found for the explicit memory condition and a 

value of 2.25 (favoring the alternative) was found for the implicit memory condition. Thus, 

there is moderate evidence for the alternative hypothesis in both the explicit and implicit 

memory conditions. It should be noted however, that the results in the implicit memory 

condition turned non-significant (p = .093) when taking out implicit items that were rated 

twice with 2 and once with 1 (please see footnote number 3). 

 

Discussion 

Experiment 2 re-examined the question whether implicitly recognized concealed 

information can be detected in the CIT. Two important changes were implemented: memory 

encoding was strengthened and two, rather than one, critical items were used in the CIT. 

Because of the stronger encoding we also introduced a time-delay of a week between study 

and test. Thus, while experiment 1 relied on implicit encoding, experiment 2 relied on the 

forgetting of explicitly encoded information. When analyzing the results, CIT detection 

efficiency of the explicitly remembered items was found to be significant and stronger than 

in Experiment 1 (effect sizes in Experiments 1 and 2 varied between 0.28-0.42 and between 

0.48-0.69, respectively). Detection efficiency of the implicitly remembered items, on the 

other hand, remained weak and reached significance only when relying on the HR measure 

(but not when taking out items rated twice with 2 and once with 1). Taken together, these 

results provide only little evidence for the sensitivity of the CIT to implicit memory, while 

confirming the CITs sensitivity for explicit memory.  

 

General Discussion 

In two separate experiments we examined whether the CIT is sensitive to implicit memory. 

This was accomplished by creating within participants both explicit and implicit memory. 

Experiment 1 relied on implicit encoding (by presenting each item twice for one second in 

the study phase) and assessed implicit memory using a word-stem completion task and 

explicit memory using a recognition test. The results of Experiment 1 revealed that while the 

CIT effect with the SCR and HR measures was significant in the explicit memory condition, it 

was non-significant in the implicit memory condition. The sizes of the explicit effects were 

however far below the typically observed values. Experiment 2 therefore aimed to enhance 
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overall detection efficiency by increasing the number of critical CIT items and by using more 

deeply encoded information. Thus, Experiment 2 relied on the forgetting of explicitly 

encoded information (by asking participants to study the items for several minutes) and 

assessed implicit memory using a DCT and explicit memory using both recognition and recall 

measures. As expected, the CIT effect, with all three physiological measures (SCR, RLL and 

HR), was significant in the explicit memory condition and stronger than in Experiment 1. The 

CIT effect in the implicit memory condition, on the other hand, revealed a significant trend 

only when using the HR measure. Moreover, Bayesian analyses provided no evidence for the 

alternative hypothesis (i.e., larger responses to the critical than to the control items) in the 

implicit memory condition with the SCR and RLL measures and only moderate evidence for 

the alternative hypothesis with the HR measure. Taken together, the results of Experiment 1 

and 2 confirm the CITs sensitivity to explicit memory yet provide no compelling evidence for 

its sensitivity to implicit memory. 

 

CIT Sensitivity to Implicit Memory 

 The first prediction of the present study stated that implicitly concealed information 

would be successfully detected with the CIT. Our data however, provided no convincing 

support for this idea. Hence, it raises the question why some previous studies did observe 

physiological effects when relying on implicit memory. The answer to this question is 

threefold. First, while the sample size in Experiment 1 was sufficient to detect a medium 

effect size with a power of 80%, the sample size was limited in Experiment 2 and gave us a 

power of only 58% to find a medium effect size using a one-tailed test. Hence, we can not 

rule out that the absence of significant effects in Experiment 2 may be explained by a lack of 

power. 

 Second, both Experiments 1 and 2 differed in several aspects from previous CIT 

studies that found evidence for sensitivity to implicit memory. Specifically, while all critical 

items in the present study were neutral word-stimuli, previous studies either used crime-

related or personally relevant items such as familiar faces (e.g., Gamer et al., 2010; 

Newcombe & Fox, 1994; Maoz et al., 2012). As significance is related to orienting and 

physiological activity (especially electrodermal activity, see klein Selle et al., 2016, 2017), the 

low item significance in the present experiments may partly explain the absence of effects in 
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the implicit memory condition. Moreover, although Experiment 2 aimed to increase the 

strength of memory encoding and used two rather than one critical item, these changes 

might not have been sufficient. Specifically, while encoding-time varied between 7 (one 

study round) to 17 (three study rounds) minutes in Experiment 2, several previous studies 

supporting the implicit sensitivity of the CIT used items encoded in long term memory. For 

example, faces of former classmates for which explicit memory had faded with the passage 

of time (Newcombe & Fox, 1994; Stormark, 2004), or, familiar faces for which explicit 

memory was inaccessible (in both amnesic and prosopagnosic patients; e.g., Bauer, 1984). 

Further, an extensive piloting phase in both Experiments 1 and 2 revealed that it is extremely 

difficult to find more than one or two implicit items per participant. Hence, while Experiment 

1 relied on three repetitions of a single implicit critical item, Experiment 2 relied on two 

repetitions of two implicit critical items. Typical CIT studies however, rely on a minimum of 

five distinct critical items; studies using at least five different critical items have been shown 

to produce a larger mean effect size than studies using fewer than five critical items (see the 

meta-analyses reported by Ben-Shakhar & Elaad, 2003 and by Meijer et al., 2014). Similarly, 

in the studies by Bauer and colleagues, detection was based on multiple distinct items (i.e., 

faces); Bauer (1984) for instance, presented the prosopagnosic patient with as much as 18 

familiar faces, 11 of which (about 60%) were correctly detected using SCRs.  

Third, the absence of effects in the implicit memory conditions of the present study 

may also indicate that the CIT is simply not sensitive to such memory. Hence, previous 

studies suggesting otherwise may possibly have tapped into explicit memory. For example, 

in the case studies of DID patients, both a meta-memory problem, i.e., the patients hold 

incorrect beliefs about their own memory functioning, and explicit memory transfer 

between identities that is denied by the patient has been suggested to underlie the 

observed findings (see Huntjens et al., 2006, 2012). Indeed, two out of the four patients 

tested  Alle  a d Mo ius 000  epo ted so e deg ee of e pli it e og itio  i.e., o-

o s ious ess  and one of these patients also malingered his amnesia in a forced-choice 

task. Moreover, the P300 difference (between learned and unlearned items) was reliable 

only for the two patients reporting co-consciousness. Furthermore, while the child study of 

Newcombe and Fox (1994) relied on 9-10 year olds, the tested children in Stormark (2004) 

were only between 2-4 years of age and their verbal answers, indicating explicit or no 



 CHAPTER 3 

  

122 

 

explicit recognition, may have been unreliable. Indeed, Stormark (2004) indicated that 5 out 

of 12 children also reported recognizing unfamiliar children. Thus, it is possible that the 

earlier clinical and child studies may have suffered from a certain degree of explicit 

contamination. Take  togethe , hile la k of po e  does t allo  us to o pletel  ule out 

the possibility that the CIT would be sensitive to implicit memory, our data and literature 

review suggest that the CIT may not be sensitive to implicit memory or that sensitivity to 

implicit memory is restricted to highly salient and/or deeply encoded information. 

 

CIT Sensitivity to Explicit Memory 

 A number of previous studies – both orienting response and CIT studies – have found 

a positive association between explicit recognition and detection efficiency (e.g., Carmel et 

al., 2003; Corteen, 1969; Gamer et al., 2010; Iacono et al., 1984; Waid et al., 1978, 1981). 

These CIT studies revealed a decrease in both explicit recognition and SCR detection 

efficiency when more realistic types of mock-crimes were used. For example, when the 

critical items were not explicitly pointed out, when the CIT relied on peripheral, instead of 

central crime-related items and when the time-delay between crime and test was increased. 

These findings point to a close coupling between the CIT and explicit memory. The second 

prediction of the present study therefore stated that the detection efficiency of explicit 

memory would be stronger than the detection efficiency of implicit memory. This prediction 

was confirmed in both experiments. Thus, the present study corroborates previous findings 

suggesting that CIT validity is closely tied to explicit recognition. 

 

Applied Importance 

As the present findings show a clear link between explicit recognition and CIT validity, 

one should aim to include only explicitly remembered critical items. This is however 

extremely difficult in the forensic setting, as some items may be either encoded or retrieved 

implicitly. Especially in cases with a long delay between crime and test, explicit knowledge 

for all or most of the items may be unavailable. Moreover, key case details – which are more 

likely to be remembered explicitly – may be leaked or otherwise compromised (see 

Podlesny, 2003). Consequently, the applicability of the test is likely to be bounded. 

Nonetheless, there are several relevant considerations that should be taken into account 
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when selecting the CIT items. First, items which were more likely to have been encoded 

explicitly due to, for instance, prolonged or repeated exposure (e.g., the murder weapon, 

victim) should be preferred. Second, items which are less likely to have been forgotten due 

to, for example, a higher intrinsic arousal level should be preferred. 

 

Limitations and Future Directions 

 As can be inferred from the above discussion, the la k of st o g suppo t fo  the CIT s 

sensitivity to implicit memory may in part be related to several design-related factors. 

Consequently, a number of suggestions for future research can be formulated. First, it is 

suggested to rely on a number of different critical items, thereby enhancing the overall 

detection efficiency of the CIT. Further, it is suggested to rely on more deeply encoded and 

more significant information. For example, by asking participants to perform a number of 

different activities with the critical items in the lab (i.e., an enactment procedure). 

Alternatively, encoding (i.e., the study phase) can be skipped and items which are known to 

have been previously encoded may be used in the CIT. For instance, similar to the child 

studies of Newcombe and Fox (1994) and Stormark (2004), faces or names of previous 

classmates or colleagues may be selected. This idea may however prove challenging as one 

will need to obtain such names/pictures from either the participant himself (e.g., by bringing 

a yearbook) or from the relevant institution (e.g., school, work-place). Similarly, future 

studies may test participants' knowledge of a language or skill learned in childhood, which 

has been explicitly forgotten. In sum, there are a number of interesting possibilities to 

further explore the sensitivity of  the CIT to implicit memory.  

 On a different note, one may wonder whether we really created implicit memory. 

Although the combination of implicit and explicit measures in the present study heightened 

the likelihood that our selected implicit items were indeed purely implicit, this may not 

always have been the case. In Experiment 1, implicit items were correctly completed in a 

WSC task. Although this method has been used in many previous studies, it is possible that 

some of the stems were correctly completed because it was simply the most obvious 

answer. Consequently, the selected implicit items might actually have been forgotten. In 

experiment 2, implicit items were identified (on average) at least 100 ms faster than the 

non-studied items. Although previous studies have used the DCT as an indicator of implicit 
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memory performance, the 100 ms cutoff may have been too lenient and some of the 

selected implicit items may actually have been forgotten. Still, as these cases seem to be the 

exception rather than the rule, they are unlikely to explain our full findings. Future studies 

may examine other implicit tests and thresholds or attempt to use a between-subjects 

design. The between-subjects option (one group of participants will be tested only on 

explicit items and another group of participants will be tested only on implicit items) is 

preferable if it increases the chance of finding multiple explicit/implicit items per participant. 

 

Conclusions 

 The present study revealed no convincing evidence for the sensitivity of the CIT to 

implicit memory. While Experiment 1 found no proof at all using the SCR and HR, Experiment 

2 showed a trend in the expected direction using the HR. These findings along with the 

significant detection for explicit memory items in both experiments suggest a strong and 

positive relationship between CIT detection efficiency and explicit recognition. The CIT s 

sensitivity to implicit memory is possibly restricted to highly significant and deeply encoded 

information. This in turn suggests that the tool also has limited applicability. Nonetheless, as 

it is crucial to further explore CIT sensitivity, we hope that the present study will encourage 

future research examining the boundary conditions of the CIT effect. 

 

 

 

 

 



                                                                                                 CIT SENSITIVITY TO IMPLICIT MEMORY 

 

125 

 

Appendix A 

Category Item-sets  

 1 2 3 4 buffer 

fruit aardbei 

[strawberry] 

mandarijn 

[tangerine] 

banaan 

[banana] 

perzik  

[peach] 

ananas 

[pineapple] 

animals antilope 

[antelope] 

kameel 

[camel] 

pinguin 

[penguin] 

tijger  

[tiger] 

gorilla  

[gorilla] 

time 

indicators 

minuut 

[minute] 

decennium 

[decade] 

seconde 

[second] 

kwartier  

[quarter hour] 

semester 

[semester] 

sport tennis 

[tennis] 

ballet  

[ballet] 

roeien  

[rowing] 

klimmen  

[climbing] 

zeilen  

[sailing] 

herbs gember 

[ginger] 

bieslook 

[chive] 

basilicum 

[basil] 

kerrie  

[curry] 

koflook  

[garlic] 

head of state koning 

[king] 

keizer 

[emperor] 

hertog  

[duke] 

president  

[president] 

sultan  

[sultan] 

accessories broche 

[brooch] 

paraplu 

[umbrella] 

bretels 

[suspenders] 

ketting  

[necklace] 

piercing 

[piercing] 

artists zanger 

[singer] 

regisseur 

[director] 

acteur  

[actor] 

tekenaar  

[draftsman] 

schilder  

[painter] 

precious 

stones 

diamant 

[diamond] 

kristal 

[cristal] 

smaragd 

[emerald] 

briljant  

[brilliant] 

robijn  

[ruby] 

house types kasteel 

[castle] 

paleis 

[palace] 

caravan 

[caravan] 

burcht  

[castle] 

boerderij  

[farm] 

profession kapper 

[hairdresser] 

advocaat 

[lawyer] 

bewaker 

[guard] 

monteur  

[mechanic] 

docent 

 [teacher] 

rooms in 

house 

keuken 

[kitchen] 

terras 

[terrace] 

berging 

[storage] 

kantoor  

[office] 

badkamer 

[bathroom] 

relations  kennis 

[acquaintance] 

vriend 

[friend] 

collega 

[colleague] 

geliefde  

[lover] 

verloofde 

[fiancee] 

fabric fluweel 

[velvet] 

flannel 

[flannel] 

katoen  

[cotton] 

satijn  

[satin] 

polyester 

[polyester] 

home 

appliances 

fornuis 

[stove] 

droger 

[dryer] 

magnetron 

[microwave] 

radiator  

[radiator] 

televisie 

[television] 
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natural 

phenomena 

geiser 

[geyser] 

krater 

[crater] 

vulkaan 

[volcano] 

lagune  

[lagoon] 

gletsjer  

[glacier] 

musical 

instruments 

trompet 

[trumpet] 

drumstel 

[drumkit] 

klarinet 

[clarinet] 

accordion 

[accordion] 

gitaar  

[guitar] 

animal 

noises 

piepen 

[to squeak] 

zoemen  

[to zoom] 

blaffen  

[to bark] 

knorren  

[to grunt] 

brullen  

[to roar] 

toys hoepel 

[hula hoop] 

domino 

[domino] 

barbie  

[barbie] 

knikker  

[marble] 

knuffel  

[stuffed 

animal] 

life stages kleuter 

[preschooler] 

zuigeling 

[infant] 

dreumes 

[infant] 

senior  

[senior] 

peuter  

[toddler] 

materials papier 

[paper] 

porselein 

[porcelain] 

graniet 

[granite] 

metaal  

[metal] 

rubber  

[rubber] 

office 

supplies 

schaar 

[scissors] 

kalender 

[calendar] 

potlood 

[pencil] 

liniaal  

[ruler] 

agenda  

[diary] 

astronomy planeet 

[planet] 

komeet 

[comet] 

ruimte  

[space] 

heelal  

[universe] 

asteroïde 

[asteroid] 

flowers margriet 

[daisy] 

krokus 

[crocus] 

geranium 

[geranium] 

chrysant 

[chrysanthemum] 

narcis  

[narcissus] 

body parts vinger 

[finger] 

bekken 

[pelvis] 

gezicht  

[face] 

boezem  

[breast] 

taille  

[waist] 

organs darmen 

[intestines] 

longen 

[lungs] 

nieren 

[kidneys] 

prostaat  

[prostate] 

spieren 

[muscles] 

vegetables wortel 

[carrot] 

courgette 

[zucchini] 

champignon 

[mushroom] 

spruitjes  

[sprouts] 

andijvie  

[endive] 

sweets chocolade 

[chocolate] 

praline 

[praline] 

caramel 

[caramel] 

vanille  

[vanilla] 

meringue 

[meringue] 

seafood garnaal 

[shrimp] 

kreeft 

[lobster] 

tonijn  

[tuna] 

makreel  

[mackerel] 

kabeljauw 

[codfish] 

cooking 

methods 

grillen 

[to grill] 

stomen  

[to steam] 

frituren  

[to fry] 

braden  

[to roast] 

bakken  

[to bake] 

 

Note. For each participant, one set of items (1, 2, 3 or 4) served as the critical item-set. 
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Appendix B 

Studied set 

(Dutch) 

Studied set 

(English) 

Studied set 

(Hebrew) 

Unstudied set 

(Dutch) 

Unstudied set 

(English) 

Unstudied set 

(Hebrew) 

afstand distance  arbeid labor  

akte document  bijster very  

bezem broom  blaffen to bark  

degen sword  bliksem lightning  

ezel donkey  diefstal theft  

geschenk gift  doelwit target  

gezicht face  emmer bucket  

kantoor office  erwt pea  

karwei job  fakkel torch  

koning king  garnaal shrimp  

meeuw seagull  geel yellow  

onkruid weed  geheim secret  

perzik peach  gember ginger ' ' 

plein square  haasten to hurry  

rijkdom wealth  kapper hairdresser  

rimboe jungle ' katoen cotton  

schaar scissors  kleed carpet  

sluis lock  krachtig forceful  

spiegel mirror  luiden to sound  

stuiver penny  machtig powerful  

tapijt carpet  meisje girl  

toekomst future  niezen to sneeze  

twijfel doubt  nijver industrious  

verlegen shy  onecht spurious  

vleugel wing  peinzen to ponder  

vlinder butterfly  pijnlijk painful  

vrucht fruit  ridder knight  

werf yard  roebel ruble  

wortel root  rumoerig noisy  

zanger singer  schillen to peel  
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   schuldig guilty  

   spannend exciting  

   telg scion  

   termijn term   

   veilig safe  

   vlecht braid  

   wimper eyelash  

   wrijven to rub  

   zoet sweet  

   zorgen to care  
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Abstract 

The Concealed Information Test (CIT) aims to detect the presence of crime-related 

information in memory. In two experiments, we examined the influence of emotional stimuli 

on the outcomes of the CIT. In experiment 1, each participant was tested immediately or 

after one week, on a series of neutral and either negative arousing or negative non-arousing 

pictures. CIT detection efficiency was unaffected, but physiological and recognition data did 

not support the a ipulatio ’s effe ti e ess. I  e peri e t , ea h parti ipa t as tested 

after a week on a series of neutral and negative arousing pictures. Importantly, stimulus 

arousal was increased and memory ceiling effects were prevented. This time, both memory 

and CIT detection efficiency using the skin conductance, but not the respiration and heart 

rate measures, were enhanced for emotional compared to neutral pictures. Taken together, 

these results indicate that the use of emotional stimuli does not deteriorate and may even 

improve CIT validity.  

 

Descriptors: The Concealed Information Test (CIT), external validity, arousal, valence, skin 

conductance response (SCR), respiration line length (RLL), heart rate (HR) 
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More than a century ago, William James (1890, p. 670) described the impact of emotion on 

e or  as lea i g a scar upon the cerebral tissues . Ja es’s lassi al state e t depi ts the 

common intuition that highly emotional events are remembered with extensive clarity and 

detail and this holds particular relevance for the memory detection approach. This 

knowledge-based approach using the Concealed Information Test (CIT; Lykken, 1959; 

Verschuere, Ben-Shakhar, & Meijer, 2011) aims to uncover the presence of crime-related 

information in memory by measuring physiological and/or behavioral responses. In a typical 

CIT, examinees are presented with a series of multiple choice-like questions, each designed 

to examine suspects' knowledge of a distinctive crime-detail assumed to be known only to 

individuals involved in the crime and the investigative authorities. For each question, this 

critical feature of the crime (i.e., the crime-related item) is intermixed among several other 

plausi le o trol ite s e.g., Where as the i ti ’s od  fou d?... ase e t?... 

graveyard?... dumpster?... barn?... river?...). Provided that the crime-related information has 

been kept from the public, an innocent suspect will not be able to differentiate between the 

different alternatives and is therefore expected to show similar responses to all items. A 

guilty suspect, on the other hand, will recognize the crime-related alternatives and will show 

differential responses to these items (e.g., an increased Skin Conductance Response (SCR), a 

shorter Respiration Line Length (RLL), and Heart Rate (HR) deceleration – Gamer, 2011). This 

pattern of differential responses elicited by the crime-related items has been labeled as the 

CIT effect.  

 While extensive research has demonstrated large CIT effect sizes with both 

autonomic nervous system measures and event-related potential measures (Meijer, klein 

Selle, Elber, & Ben-Shakhar, 2014), the external validity of this research has been questioned 

(e.g., Ben-Shakhar, 2012; Meijer, Verschuere, Gamer, Merckelbach, & Ben-Shakhar, 2016). 

Unfortunately however, it is extremely difficult to conduct methodologically sound field 

studies in this area (see Ginton, Daie, Elaad, & Ben-Shakhar, 1982; Iacono, 1991). CIT 

researchers have therefore used an alternative approach and systematically manipulated 

various factors that differ between the typical experimental and the forensic setting (e.g., 

the time between processing the crime related items and the CIT: Carmel, Dayan, Naveh, 

Raveh, & Ben-Shakhar, 2003; Gamer, Kosiol, & Vossel, 2010; Nahari & Ben-Shakhar, 2011, 

the motivation to avoid detection: Meijer et al., 2014, the free choice to commit a crime: 
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Nahari, Breska, Elber, klein Selle, & Ben-Shakhar, 2017). One factor that remains to be 

investigated is the emotional value of the stimuli (i.e., their valence and arousal level, see 

Lang & Bradley, 2010). The vast majority of CIT studies were conducted using neutral (e.g., 

playing cards, mock-crime related) or even positive (e.g., personal/autobiographical) low-

arousing stimuli, while in real-life, crime-related stimuli are usually negative and arousing. 

Such emotionally-charged stimuli are actually preferred by CIT practitioners due to their high 

memorability (Osugi, 2011). For example, in real-life murder cases in Japan, a core question 

relates to the modus operandi of the murder (e.g., By beating?.. By stabbing?.. By 

drowning?.. By strangling?.. By poisoning?..; see Osugi, 2011). Consequently, it is crucial to 

examine whether this difference in stimulus emotion between the realistic and experimental 

setup may affect the magnitude of the CIT effect. 

The emotional value of the CIT stimuli can influence the CIT effect either by 

enhancing the significance level of the critical items or by enhancing memory of the critical 

items. First, emotional compared to neutral stimuli are expected to carry a higher 

significance value and consequently induce enhanced physiological responses (see Bradley, 

Codispoti, Cuthbert, & Lang, 2001). Enhanced responses can therefore be expected for 

emotional (both crime-related and control) compared to neutral (crime-related and control) 

stimuli. However, as more attention is given to the crime-related items, this response 

enhancement may be larger for the crime-related than for the control items. Consequently, 

CIT detection efficiency may increase with emotion. Second, emotional compared to neutral 

crime-related stimuli are expected to be better remembered; most studies thus far have 

however focused on arousal and there is only some initial evidence that valence can 

influence how well an event is remembered (see Kensinger, 2009). Studies that manipulated 

arousal have shown that all three stages of memory processing (i.e., encoding, storage and 

retrieval) are improved for arousing stimuli. Specifically, arousal leads to a "narrowing of 

attention" around the central emotional details of a stimulus, reducing the range of cues to 

which an organism is sensitive (Easterbrook, 1959; Kensinger, Garoff-Eaton, & Schacter, 

2007; Sharot & Phelps, 2004). Further, by controlling for the influence of attention 

(encoding), several studies have shown that emotionally arousing stimuli are more likely to 

be stored in memory (e.g., Bradley, Greenwald, Petry, & Lang, 1992; Sharot & Phelps, 2004). 

Specifically, these studies found that memories for neutral stimuli worsen over time, 
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whereas memories for arousing stimuli remain or even improve over time. Finally, several 

studies have shown that arousing stimuli (both scene-images and words) lead to better 

recollection than neutral stimuli (e.g., Kensinger & Corkin, 2003; Ochsner, 2000). In addition 

to laboratory research on the retrieval of arousing stimuli, research on the retrieval of 

arousing autobiographical events support the positive influence of arousal on recollection 

(e.g., Bahrick, Parker, Fivush, & Levitt, 1998; Brown & Kulik, 1977; Budson et al., 2004, 2007; 

Sharot, Martorella, Delgado, & Phelps, 2007). Taken together, although real-life and 

laboratory stimuli may differ in both valence and arousal, arousal is most likely to influence 

memory, and consequently, the CIT effect. 

 As far as we know, no prior research has examined the influence of negative valence 

and arousal, at the stimulus level, on the validity of the CIT. Of relevance are studies that 

examined more global context effects of emotional arousal and stress which are not tied to 

the CIT stimuli themselves (Bradley & Janisse, 1981; Furumitsu, 1999; Kugelmass & Lieblich, 

1966; Peth, Vossel, & Gamer, 2012). Kugelmass and Lieblich (1966) tested Israeli policemen 

who participated in a police training course. The CIT was introduced as part of the selection 

procedure and arousal was manipulated through different instructions given prior to the 

test. One set of instructions indicated that the test would merely assess the operation of the 

apparatus. The second, more arousing (stressful) instructions stated that the test would 

indicate whether the participant belonged to the group of people whose responses could be 

detected by the machine. The final and most arousing (stressful) instructions declared that 

chances for promotion were dependent on passing the test. CIT detection efficiency with the 

SCR measure was found to be virtually similar in the different conditions. It was accordingly 

concluded that, "within a considerable range of stress no necessary decrease in the 

detection efficiency of the GSR channel need be expected" (Kugelmass & Lieblich, 1966, p. 

215). This conclusion, however, should be treated with caution because the physiological 

data did not validate the varying levels of arousal in the different conditions (baseline skin 

conductance, measured following presentation of the instructions, was basically similar in 

the three conditions). Bradley and Janisse (1981) manipulated "the threat of punishment" by 

informing subjects that they would receive a painful but not permanently damaging electric 

shock if found guilty. The threat manipulation did not affect the outcomes of the CIT.  
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Two additional studies (i.e., Furumitsu, 1999; Peth et al., 2012) used physical means, 

rather than instructions, to ma ipulate parti ipa ts’ arousal le el. I  the earlier stud   

Furumitsu (1999), an alarm sound was presented during encoding of the crime stimuli. 

Although the alarm increased SCRs during item encoding, it did not affect CIT detection 

efficiency. Peth et al. (2012) induced arousal during the performance of a pre-described 

mock-crime. Specifically, in the experimental condition a confederate entered the room 

while subjects committed the mock-crime. The results revealed no significant effect of the 

arousal manipulation on the physiological responses to the crime-related items. The RLL and 

HR measures, however, tended to show temporally more stable responses (i.e., in the 

immediate and delayed CITs) in the arousal induction condition. This result is consistent with 

studies that have shown stable and improved memory for arousing stimuli over time (e.g., 

Sharot & Phelps, 2004). Taken together, the findings from these four CIT studies (see also 

Ogawa et al., 2007) seem to indicate that detection efficiency is unaffected by emotion. 

Importantly however, all these studies focused on the emotion experienced during the 

mock-crime or the CIT, but not on the emotional value of the items themselves (see 

Kensinger, Garoff-Eaton, & Schacter, 2006). As real-life crime stimuli may be both negative 

and arousing, the research question of whether emotional stimuli affect detection efficiency 

is particularly important. 

The foremost aim of the two experiments presented here was to examine whether 

and how emotional stimuli influence CIT detection efficiency by using pictures that differ in 

valence and arousal. In Experiment 1 the emotional stimuli were either negative arousing or 

negative non-arousing, while in Experiment 2 all emotional stimuli were negative arousing. 

In real-life, crime stimuli may become emotional only through their connection to the event 

(e.g., think of the otherwise neutral hammer that has received an emotional loading through 

its use in a murder). While this is true, those items are negative and arousing during both 

encoding and test, as is the case in our laboratory analogue. Importantly, the increased 

significance and/or increased memory of the emotional stimuli are expected to heighten CIT 

detection efficiency, particularly after a delay. If the detection efficiency of emotional stimuli 

is at least as large as the detection efficiency of neutral stimuli, it would increase the 

external validity of CIT laboratory experiments. 
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Experiment 1 

In experiment 1, each participant was tested, either immediately or after one week, on a 

series of neutral and either negative arousing or negative non-arousing pictures. This implies 

that the arousal and valence factors are nested. Importantly, separating between the two 

primary emotion dimensions ("valence" and "arousal") allowed us to conclude whether 

negative stimuli must be arousing in order to influence CIT detection efficiency. Moreover, 

this research design allowed for an examination of the joint effects of time and emotion on 

detection efficiency.  

 

Method 

Participants  

One hundred and thirty-six undergraduate students (91 women) of the Hebrew 

University of Jerusalem (HUJI) with an age range of 18–32 (M = 24.1 SD = 2.7 years) 

participated in this experiment. All participants were native speakers of Hebrew and 

received either course credits or an average payment of 35 NIS (equivalent to approximately 

10 USD) for their participation. Each participant read and signed a consent form indicating 

that participation was voluntary and that they could withdraw from the experiment at any 

time without penalty. The experiment was approved by the ethical committee of the Faculty 

of Social Sciences of the HUJI. 

 

Data Acquisition and Reduction 

The experiment was conducted in an air-conditioned laboratory. The apparatus 

included a HP Compaq DC 5800 Microtower computer that was used to control stimulus 

presentation and compute skin conductance, respiration and heart rate.  

 Electrodermal activity was recorded using a constant voltage system (0.5V ASR Atlas 

Researches, Hod Hasharon, Israel), two Ag/AgCl electrodes (0.8 cm diameter) filled with a 

0.05 M NaCL electrolyte (TD-246, Discount Disposables) and an A/D (NB-MIO-12) converter 

with a sampling rate of 50 Hz. Electrodes were placed on the distal phalanges of the left 

index and left ring finger. The mean tonic skin conductance level (SCL) was obtained 

throughout both blocks of the CIT and SCRs were defined as the maximal increase in 

conductance obtained from 1 s to 5 s after stimulus onset.  
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The electrocardiogram (ECG) was recorded by placing three Ag/AgCl electrodes filled 

with an electrode paste in a standard Einthoven lead I configuration: one electrode attached 

to the distal phalange of the left index finger (i.e., one of the SCR electrodes), one electrode 

attached to the right wrist and the ground electrode attached to the left wrist. The ECG 

signal was sampled at 500 Hz, digitized at 12-bit resolution and filtered using a band pass of 

0.5–35 Hz. Matlab was used to detect the R peaks, calculate the distance between them and 

apply a semi-automatic artefact detection and rejection procedure (similar to e.g., De Clercq, 

Verschuere, De Vlieger, & Crombez, 2006). Prior to analysis, the inter-beat intervals (IBI) 

were converted to HR in beats per minute (bpm) per real-time epoch (1 s). These second-by-

second post-stimulus HR values were baseline-corrected by subtracting the average HR value 

in the third and second s preceding stimulus onset (i.e., the pre-stimulus baseline value), 

resulting in 13 post-sti ulus differe e s ores ΔHR .1 The a erage of all ΔHR s ores has 

ee  fou d to outperfor  the i i u  of all ΔHR s ores as a dete tio  easure Ga er, 

Verschuere, Crombez, & Vossel, 2008) and was therefore the preferred statistic when 

analyzing the data. 

 Respiration was recorded using a pneumatic tube positioned around the thoracic 

area. Respiration responses were defined on the basis of the total RLL, which is a composite 

measure of respiratory amplitude (depth of breathing) and respiratory cycle (rate of 

breathing), during the 0.5-s to 13.5-s interval following stimulus onset. Following Elaad, 

Ginton, and Jungman (1992), we defined each response as the mean of ten length measures 

(0.1 s after stimulus onset through 13.1 s after stimulus onset, 0.2 s through 13.2 s after 

stimulus onset, etc.). In other words, ten 13-s windows were created, each beginning 0.1 s 

later than the previous window, and the RLL was defined as the mean of the ten length 

measures computed for the ten windows.  

For all three measures, individual responses were removed if excessive movements 

were made during the measurement window or if the response was an outlier (Z score larger 

than 5 or smaller than -5). Further, similar to klein Selle, Verschuere, Kindt, Meijer, and Ben-

Shakhar (2016, 2017) electrodermal non-responsivity was based on the within-participant 

standard deviation of the raw SCR scores. Participants whose standard deviation was below 

                                                           
1
 The second before and the second after stimulus presentation as well as the fifteenth second after stimulus 

presentation were discarded due to measurement problems.  
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0.01 μS in both blocks of the CIT were considered to be skin conductance non-responders 

and their SCR data were eliminated from all analyses. In case of non-responsivity in one of 

the blocks, only the SCR data from the respective block were removed.  

Due to individual differences in physiological responsiveness and baseline activation, 

within-subject standard scores were calculated for each physiological channel separately 

(Ben-Shakhar, 1985). Further, considering that several physiological measures (especially 

SCR) are sensitive to habituation, the standard scores were computed for each item within a 

block of four questions. Thus, the within-subject standard scores were computed by 

subtracting the mean response of all control and crime-related items within one block of 

questions (buffer and catch items were excluded from the standardization) from each 

response to an individual item and dividing this difference by the respective standard 

deviation (see Ben-Shakhar & Elaad, 2002; Elaad & Ben-Shakhar, 1997). In the present study, 

each block contained a total of 20 pertinent items (4 crime-related and 16 control items) and 

consequently the Z scores were computed relative to the mean and standard deviation of 

the examinees' responses to these 20 items. For each participant and for each physiological 

measure a detection score was created by averaging the respective Z scores of all eight 

crime-related items. As concealed information is associated with cardiac and respiratory 

suppression, the RLL and HR Z scores were multiplied by -1 prior to analysis. A rejection 

region of p < .05 was used for all statistical tests and Cohen's ƒ values were computed as 

effect size estimates (Cohen, 1988). According to Cohen (1988), the values of f = 0.1, f = 0.25, 

and f = 0.40 correspond to small, medium, and large effects, respectively. One-tailed tests 

were used to test directional, a priori formulated hypotheses that were examined in our 

manipulation checks. For all main analyses we used two-tailed tests. Finally, all analyses of 

the physiological data were supplemented by a Bayesian analysis and JZS Bayes factors (BFs) 

were computed. The JZS BF is a numerical value quantifying the odds ratio between the null 

and the alternative hypothesis given the data (Rouder, Speckman, Sun, Morey, & Iverson, 

2009); a default JZS prior with scaling factor r = 0.707 was used for the alternative 

hypothesis. Importantly, the BFs are reported as either favouring the null or the alternative 

hypothesis and a BF of 3 or more is taken as substantial evidence for the respective 

hypothesis (Jeffreys, 1961). 
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Figure 1. 2 x 2 x (2 x 2) mixed design of Experiment 1 with arousal and time as between-

subjects factors and item type and valence as within-subject factors. 

 

Design 

Experiment 1 was constructed in a 2 x 2 x (2 x 2) mixed design with both arousal 

(negative arousing vs. negative non-arousing) and the time delay between encoding and CIT 

(immediate vs. 1 week delayed) as between-subjects factors and both item-type (crime-

related vs. control) and valence (negative vs. neutral) as within-subject factors (see Figure 1). 

This resulted in four experimental between-subjects conditions: (1) Arousing immediate; (3) 

Arousing delayed; (2) Non-arousing immediate; (4) Non-arousing delayed. Participants were 

randomly assigned to one of the four conditions. Sixty-eight participants were tested 

immediately with 38 of them receiving negative arousing images (i.e., arousing immediate 

condition) and 30 of them receiving negative non-arousing images (i.e., non-arousing 

immediate condition). Sixty-eight participants were tested after a one week delay with 34 of 

them receiving negative arousing images (i.e., arousing delayed condition), and 34 of them 

receiving negative non-arousing images (i.e., non-arousing delayed condition). These 

conditions did not differ in gender (2(3, N = 136) = .49, p = .922), STAI ratings (state anxiety: 

F(3,132) = .30, p = .828, trait anxiety: F(3,132) = 1.80, f = .13, p = .151), DES ratings (F(3,132) 
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= .55, p = .651), but did differ in age, F(3,132) = 2.93, f = .21, p = .036; nonetheless, 

parti ipa ts’ ea  age i  the differe t o ditio s aried et ee  .  a d .8. 

 

Items 

The arousal level and valence of the CIT items were manipulated by using two well 

validated and well researched picture sets (see Appendix A): the International Affective 

Picture System (IAPS; Lang, Bradley, & Cuthbert, 2008) and the Karolinska Directed 

Emotional Faces (KDEF; Goeleven, De Raedt, Leyman, & Verschuere, 2008; Lundqvist, Flykt, 

& Öhman, 1998). The selected pictures were either neutral, negative non-arousing or 

negative arousing. Importantly, within each CIT question, the crime-related item and all 

control items were equal in their arousing potential (when only the crime-related item is 

highly arousing, it is natural to expect that it will elicit enhanced responses). Thus, stimuli 

from the selected categories (i.e., faces and scenes) were chosen on the basis of their 

arousal (low vs. high) and valence (neutral vs. negative) ratings, such that every question 

contained one crime-related item and several control items that were matched with respect 

to semantic category, arousal and valence levels.  

The normative arousal ratings for the emotional (negative arousing and negative 

non-arousing) IAPS and KDEF items used in the CIT were as follows: The negative arousing 

pictures had a mean arousal rating of 6.29 (Mfaces = 6.72, Mscenes = 5.86; on a scale of 1–9) 

and the negative non-arousing pictures had a mean arousal rating of 3.94 (Mfaces = 3.61, 

Mscenes = 4.26; on a scale of 1–9). An independent samples t test on the difference between 

the ratings of the negative arousing and the negative non-arousing pictures was statistically 

significant, t(26) = 9.05, p < .001, d = 3.42.  

We also checked whether the arousal ratings generalized to the sample under 

investigation (undergraduates of the HUJI) in a pilot study.2 In this pilot, twenty-nine 

undergraduates rated the emotional (negative arousing and negative non-arousing) CIT 

items on arousal. The pilot ratings were as follows: The negative arousing pictures received a 

mean arousal rating of 4.9 (Mfaces = 6.2, Mscenes = 3.6; on a scale of 1–10) and the negative 

non-arousing pictures received a mean arousal rating of 2.1 (Mfaces = 1.9, Mscenes = 2.4; on a 

                                                           
2
 The pilot study included 31 stimuli, 25 of which were selected for the CIT. Three additional items that were 

not tested in the pilot study were used in the CIT. 
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scale of 1–10). An independent samples t test on the difference between the ratings of the 

negative arousing and the negative non-arousing pictures was statistically significant, t(56) = 

6.08, p < .001, d = 1.60.  

 

Procedure 

 All participants arrived at the laboratory and were welcomed by Experimenter 1. 

Then, after signing an informed consent form, participants were tested on blood phobia 

using the Medical Fear Survey (MFS; Kleinknecht, Kleinknecht, Sawchuk, Lee, & Lohr, 1999). 

When the score on the MFS was below the cut-off value, participants started the first part of 

the experiment, i.e., the study phase. 

Study phase. In this part of the experiment all participants received a fabricated 

police case-file concerning a hypothetical murder. The case-file contained a description of 

the crime which was exactly the same for all examinees. Further, the file contained a set of 

four pictures; two face pictures (i.e., face of victim 1 and face of victim 2) and two scene 

pictures (i.e., crime scene and location of murder weapon), which differed in arousal level 

and valence. One of the face pictures and one of the scene pictures were neutral and the 

other two pictures were either negative arousing or negative non-arousing, depending on 

the experimental condition. These pictures later served as crime-related items in the CIT and 

were chosen from five different sets of pictures, such that each set served as the crime-

related set for 20% of the participants. The four other sets of pictures served as control 

items in the CIT. Experimenter 1 familiarized participants with the case-file and instructed 

them to envision the situation and to imagine that they themselves were the murderer. 

Then, all participants were requested to take a few minutes to carefully go over the case-file 

and memorize the pictures. When ready, participants assigned to the immediate conditions 

continued to the second part of the experiment, whereas participants in the delayed 

conditions returned after a week to take the CIT.  

The CIT. In the second part of the experiment, Experimenter 2, who was unaware of 

the crime-related items, attached the SCR and HR electrodes as well as the RLL band and 

conducted the CIT examination. Before the CIT, it was explained to all participants that they 

ere suspe ts i  a urder a d had to u dergo a pol graph -examination. They were 

further explained about the basic rationale of the test. Importantly, all participants were 
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motivated to hide their knowledge of the crime-related items (i.e., come out as innocent) 

and were promised a bonus of 10 NIS (about 3 USD) as an incentive for successful 

concealment. The bonus was paid when the average SCR Z score, computed across all crime-

related items (i.e., SCR detection score), was below 0.1. Following an initial rest period of 2 

minutes, participants were presented with the first block of four CIT questions, each 

targeting one of the pictures from the case-file. To maintain participants' attention, a short 

break was inserted after the first block. Following the break, participants were presented 

with the same four questions. Thus, the CIT consisted of 4 questions x 2 repetitions = 8 

questions. Each question (e.g., How does the first victim look like?) was presented on the 

computer monitor for 10 s and at the same time played through the computer's 

loudspeakers. The order of question presentation was random in both blocks, except that 

two face questions (examining victim 1 and victim 2) and two scene questions (examining 

the crime scene and the location of the murder weapon) did not appear successively. 

Following question presentation, the different items appeared for 5 s each, with an inter-

stimulus interval of 10–14 seconds (Breska, Maoz, & Ben-Shakhar, 2011). The first item was 

always a neutral, buffer item designed to absorb the initial orienting response. Next, 1 

crime-related item, 4 control items and 1 catch item were presented in a random order. 

Catch items were included as an extra means of assuring that participants' attention 

remained focused on the items presented (see also Verschuere, Crombez, Degrootte, & 

Rosseel, 2010) and were pictures from the same question-category with a large number 

presented in the middle. When presented with a catch item, participants were requested to 

say the number out loud. In response to all other items, participants were requested to say 

NO .  

 Subjective ratings. Following the CIT, a multiple-choice recognition memory test was 

administered to examine whether participants recognized the crime-related items. The 

memory test consisted of the same four questions used in the CIT, however all possible 

answer-items were presented simultaneously for each question. After completing the 

recognition test, participants were given the State-Trait Anxiety Inventory (STAI; Spielberger, 

Gorsuch, & Lusthene, 1970) and the Disgust Emotion Scale (DES; Walls & Kleinknecht, 1996). 

These questionnaires were included as the arousing pictures may have induced either 

anxiety (fear) or disgust in certain participants which in turn may have influenced their 
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physiological responses and the CIT effect (Gross & Levenson, 1993; Lader, 1975; Vrana, 

1993, 1994)3. Then, participants were asked to rate their level of motivation during the 

experiment (on a scale of 1–6) and, although not instructed to, whether and what kind of 

countermeasures they applied. Finally, all participants were debriefed and compensated for 

their participation in the experiment. 

 

Results 

For both the memory and the main analyses, we ran a 2-way analysis of variance (ANOVA; 

Time × Emotion) for the arousing conditions. Emotion was either negative arousing or 

neutral, and hence this ANOVA examined our main research question of whether negative 

arousing stimuli alter memory and CIT detection efficiency. In addition, we ran a 2-way 

ANOVA (Time × Emotion) for the non-arousing conditions. Emotion was either negative non-

arousing or neutral, and hence this ANOVA examined whether negative valence would be 

sufficient to influence memory and CIT detection efficiency. Please note that no overall 

ANOVAs (including both the arousing and non-arousing conditions) were performed as the 

arousal and valence factors are not orthogonal. 

 

Motivation 

A one-way ANOVA comparing the motivational level (scores ranging from 0 to 6) in 

the four between-subjects experimental conditions (arousing immediate vs. non-arousing 

immediate vs. arousing delayed vs. non-arousing delayed) yielded no statistically significant 

effect (F(3,128) = 1.00, ƒ = .00, p = .395). In all conditions, participants reported high 

motivation during the experiment (MArousing immediate = 5.29, MNon-arousing immediate = 5.23, 

MArousing delayed = 5.03, MNon-arousing delayed = 5.39). 

 

Manipulation Checks 

Memory. To test whether the emotional value of the stimuli and a time delay 

affected recognition memory, 2-way ANOVAs (Time x Emotion) on the memory data (scores 

ranging from 0 to 2) were run separately for the arousing and non-arousing conditions. Both 

                                                           
3
 As in both Experiment 1 and Experiment 2 no significant correlations were found between the STAI and DES 

scores and the physiological measures, we will not further report these results. 
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ANOVAs yielded no significant effects; in all conditions participants remembered the crime-

related items almost perfectly, regardless of their arousal level or valence (neutral crime-

related items: MArousing immediate = 1.95, MNon-arousing immediate = 1.97, MArousing delayed = 1.94, MNon-

arousing delayed = 1.97; emotional crime-related items: MArousing immediate = 2, MNon-arousing immediate = 

1.97, MArousing delayed = 1.97, MNon-arousing delayed = 2). 

Physiology. All skin conductance data of 7 participants and the skin conductance data 

within the first block of 4 participants as well as the skin conductance data within the second 

block of an additional 21 participants were removed due to non-responsivity. Further, the 

skin conductance data of 6 participants and the heart rate data of 15 participants were lost 

due to technical issues (i.e., electrode failure). Thus, while the RLL data were based on 136 

participants, the SCR and the HR data were based on 123 and 121 participants, respectively. 

For these participants, 2.5% of all SCRs, 1.1% of all RLL and 3.1% of all HR responses to the 

individual stimuli were removed due to excessive movements and outliers. A power analysis 

was conducted to determine the required sample size for detecting a difference between 

the responses to neutral and emotional (either negative arousing or negative non-arousing) 

stimuli. The power analysis indicated that the sample size should be 34 in order to detect a 

medium effect size (i.e., Cohen's d of 0.50) with a statistical power of at least 0.8. The 

sample size in both the arousing (nSCR = 63, nRLL = 72, nHR = 63) and non-arousing (nSCR = 60, 

nRLL = 64, nHR = 58) conditions exceeded this number by far. 

Enhanced SCRs and larger HR deceleration are expected to arousing than neutral 

pictures, regardless of whether they are crime-related or control items. Hence, in order to 

verify our stimulus-induced arousal manipulation we conducted a 2-way ANOVA (Item Type: 

crime-related versus control x Emotion: negative arousing versus neutral) on the raw SCR as 

ell as o  the ra  ΔHR in the arousing conditions. Both ANOVAs revealed a significant main 

effect of item type, reflecting larger SCRs and HR responses to crime-related than control 

stimuli; SCR: F(1,62) = 42.43, ƒ = .83, p < .001; HR: F(1,62) = 32.88, ƒ =.73, p < .001. All other 

effects failed to reach significance. In order to assess whether the null results for the main 

effect of emotion are supported by the data we computed BFs. Values of 10.93 and 12.94 in 

favor of the null hypothesis were found for the SCR and the HR, respectively.  
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Main Analysis 

Means and standard deviations of the detection scores were computed for each 

condition and each physiological measure and are displayed in Table 1. An inspection of 

Table 1 shows that in all cases the detection scores were considerably larger than 0, meaning 

that the crime-related items consistently led to enhanced responses as compared to the 

control items. 

 

 Table 1. Standardized Means and SDs of the Physiological Responses to Negative and 

Neutral Crime-related Items in the Four Between-subjects Conditions of Experiment 1 

 

Both mixed 2-way ANOVAs (Time × Emotion) conducted on the SCR detection scores 

revealed no statistically significant effects (all F values < 1.83). In order to assess whether the 

null results for the main effect of emotion are supported by the data, we computed BFs. 

Values of 6.24 and 2.97 in favor of the null hypothesis were found in the arousing and non-

arousing conditions, respectively. Thus, the null hypothesis is supported by the SCR data in 

the arousing condition and marginally supported in the non-arousing condition. 

Both mixed 2-way ANOVAs (Time × Emotion) conducted on the RLL detection scores 

failed to reveal any significant effect (all F values < 3.71). Just as for the SCR, we computed 

Measure N Arousal Time Mean Z score (SD) crime-related items 

    Negative Neutral 

SCR 32 Arousing Immediate 0.54 (0.81) 0.79 (0.67) 

 30 Arousing Delayed 0.86 (0.77) 0.75 (0.75) 

 31 Non-arousing Immediate 0.84 (0.79) 0.74 (0.79) 

     30 Non-arousing Delayed 0.90 (0.73) 0.66 (0.62) 

RLL 38 Arousing Immediate 0.58 (0.54) 0.40 (0.60) 

 30 Arousing Delayed 0.28 (0.57) 0.30 (0.53) 

 34 Non-arousing Immediate 0.28 (0.50) 0.40 (0.48) 

 34 Non-arousing Delayed 0.37 (0.66) 0.41 (0.57) 

HR 31 Arousing Immediate 0.41 (0.61) 0.22 (0.52) 

 26 Arousing Delayed 0.13 (0.44) 0.34 (0.59) 

       31 Non-arousing Immediate 0.45 (0.58) 0.41 (0.54) 

 32 Non-arousing Delayed 0.27 (0.58) 0.28 (0.57) 
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BFs for the main effect of emotion and obtained values of 4.70 and 4.36 in favour of the null 

hypothesis in the arousing and non-arousing conditions, respectively. Thus, the null 

hypothesis is clearly supported by the RLL data in both conditions. 

Similar mixed 2-way ANOVAs (Time × Emotion) conducted on the HR detection scores 

also revealed no statistically significant effects (all F values < 3.76). Just as for the SCR and 

RLL, we computed BFs for the main effect of emotion and obtained values of 7.21 and 6.89 

in favor of the null in the arousing and non-arousing conditions, respectively. Thus, the null 

hypothesis is clearly supported by the HR data in both conditions. 

For sake of completion, we also evaluated CIT detection efficiency using the area 

under the Receiver Operating Characteristic (ROC) curve (e.g., Green & Swets, 1966; Swets, 

Tanner, & Birdsall, 1961), which is common in CIT research. A description of the ROC analysis 

and its results can be found in Appendix B. 

 

Discussion 

The present experiment aimed to examine whether emotional stimuli influence CIT 

detection efficiency. The crime-related items consistently induced larger SCRs, shorter RLLs, 

and greater HR deceleration than the control items. Importantly, detection efficiency 

remained stable over time (immediate vs. delayed) and neither negative valence nor arousal 

influenced the CIT effect.  

It should be acknowledged however, that we found no support for the effectiveness 

of our arousal manipulation: The arousing stimuli were not successful in increasing phasic 

physiological reactivity. Consequently, this may raise the question of whether our stimuli 

were arousing enough to influence detection efficiency. Although the IAPS is a widely used 

and validated stimulus set (Lang, Öhman, & Vaitl, 1988), the database is somewhat 

outdated, and has been criticized for the low quality of its pictures (Marchewka, Zurawski, 

Jednoróg, & Grabowska, . Moreo er, arousal did ot affe t parti ipa ts’ e pli it 

memory performance. In fact, we observed nearly perfect recognition for both neutral and 

negative stimuli in all experimental conditions and, thus, the absence of the expected 

arousal effect on memory may be accounted for by a ceiling effect. This ceiling effect may, in 

hindsight, be explained by the fact that all stimuli were central to the hypothetical murder 

and participants were given ample time to memorize them. Several studies demonstrated 
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robust memory of central crime-related items when the CIT was delayed; memory loss 

occurs mostly for the peripheral items (Gamer et al., 2010; Gronau, Elber, Satran, Breska, & 

Ben-Shakhar, 2015; Nahari & Ben-Shakhar, 2011; Peth et al., 2012). 

In order to increase stimulus-induced arousal in Experiment 2, we selected arousing 

pictures from a more recent high quality picture database - the Nencki Affective Pictures 

System (NAPS) - in addition to the IAPS and KDEF. Moreover, to prevent ceiling effects for 

the explicit memory measure, we increased the number of crime-related stimuli, reduced 

encoding-time, and included a more sensitive memory test.  

 

Experiment 2 

Experiment 2 re-investigated the effect of emotional stimuli on the detection efficiency of 

the CIT, using a more recent picture database and trying to prevent a ceiling effect on the 

explicit memory ratings. In Experiment 2 we focused on the conditions where the effect was 

expected to be largest. As research has shown that arousal rather than valence influences 

memory and that this effect increases over time, the factors of valence and delay were 

dropped from the design. Specifically we contrasted only negative arousing with neutral 

pictures and administered only a delayed CIT. Further, the arousal effect was maximized by 

using an arousing question-block (with only arousing pictures) and a neutral question-block 

(with only neutral pictures) in the CIT (see Brouwer, van Wouwe, Mühl, van Erp, & Toet, 

2013). The design, hypotheses, and main analyses of Experiment 2 were preregistered on 

aspredicted.org: https://aspredicted.org/8rh8c.pdf. 

 

Method 

Participants  

Thirty-nine undergraduate students (29 women) of the Hebrew University of 

Jerusalem (HUJI) with an age range of 19–30 (M = 22.8, SD = 1.7 years) participated in this 

experiment. All participants were native speakers of Hebrew and received either course 

credits or an average payment of 55 NIS (equivalent to approximately 14 USD) for their 

participation. Each participant read and signed a consent form indicating that participation 

was voluntary and that they could withdraw from the experiment at any time without 
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penalty. The experiment was approved by the ethical committee of the Faculty of Social 

Sciences of the HUJI. 

 

Data Acquisition and Reduction 

The apparatus and measurement methods were the same as in Experiment 1 with 

two exceptions. The ECG signal was filtered using a band pass of 1–35 Hz and the second-by-

second post-stimulus HR values were baseline corrected by subtracting the average HR value 

in the three seconds preceding stimulus onset (i.e., the pre-stimulus baseline value), 

resulting in 15 post-sti ulus differe e s ores ΔHR . 

 

Items 

 All pictures were either negative arousing or neutral. These pictures were selected 

from three different databases: the IAPS and KDEF (as in Experiment 1) as well as the NAPS 

(see Appendix A). A total of 56 pictures (of which 7 were used in both Experiment 1 and 

Experiment 2) were selected. The normative arousal ratings were as follows: the arousing 

pictures had a mean rating of 6.93 (Mvictim = 6.86, Manimal = 7.13, Mbody part = 6.98, Mcrime scence 

= 6.73; on a scale of 1–9) and the neutral pictures had a mean rating of 2.96 (Mmale witness = 

2.57, Mfemale witness = 2.51, Mstreet = 4.11, Mkitchen object = 2.65; on a scale of 1–9). An 

independent samples t test revealed a statistically significant difference between these 

arousal ratings, t(54) = 22.85, p < .001, d = 6.11. 

 

Procedure 

The procedure of Experiment 2 was similiar to that of Experiment 1, with a number 

of methodological changes. 

Study phase. The number of studied pictures was increased from 4 to 8 (i.e., 

arousing: murder victim, crime scene, body part and animal; neutral: male witness, female 

witness, street of the crime scene and kitchen object). Further, the study time was greatly 

reduced. While participants in Experiment 1 were given ample time to memorize the 

pictures, participants in Experiment 2 were shown each picture for 10 s on the computer 

monitor. This short presentation time was expected to weaken encoding. Further, in 
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contrast to Experiment 1 where delay was manipulated, all participants returned after a 

week to take the CIT. 

The CIT. The CIT was similar to the one in Experiment 1 and consisted of a total of 2 

blocks of four questions, ith a reak et ee  lo ks to ai tai  parti ipa ts’ attention. 

Importantly however, unlike Experiment 1, one question-block focused only on arousing 

pictures, while the second question-block focused only on neutral pictures. The 

presentation-order of these blocks was counterbalanced across participants. Furthermore, 

the inter-stimulus interval was increased to 14–18 s. 

Subjective ratings. Following the CIT, participants were presented, one by one, with 

all crime-relevant and 16 randomly chosen control pictures (two from each category). 

Participants were asked whether they remembered having seen the picture last week and 

rated their certainty level in remembering the picture on a scale ranging from 1 to 9. In 

addition, they rated each picture on significance, arousal and valence (on a scale of 1–9). 

Thus, significance, arousal and valence ratings were obtained from the participants 

themselves (unlike in Experiment 1, where these ratings were obtained from a pilot sample). 

 

Results 

Item-ratings 

The significance, arousal and valence ratings of both crime-related (arousing and 

neutral) and control (arousing and neutral) items obtained during the experiment were 

analyzed using a two-way repeated measures ANOVA (Item Type × Emotion). All three 

rating-types revealed a significant main effect of emotion (significance: F(1,38) = 56.31, f = 

1.22, p < .001; arousal: F(1,38) = 69.61, f = 1.35, p < .001; valence: F(1,38) = 252.32, f = 2.58, 

p < .001), indicating that the emotional pictures were considered more negative, more 

arousing and more significant than the neutral pictures. Further, a significant main effect of 

item type was revealed for the significance and arousal ratings (significance: F(1,38) = 77.28, 

f = 1.43, p < .001; arousal: F(1,38) = 53.78, f = 1.19, p < .001), indicating that the crime-

related pictures were considered more significant and arousing than the control items. 

Finally, the arousal ratings revealed a significant Item Type × Emotion interaction, F(1,38) = 

9.31, f = .50, p = .004, indicating that the arousal difference between crime-related and 
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control pictures was smaller when these pictures were emotional compared to when they 

were neutral. All other effects were not statistically significant. 

 

Manipulation Checks 

Memory. To test for differences in memory between the various pictures, a 2-way 

repeated measures ANOVA with item type (crime-related versus control) and emotion 

(negative arousing versus neutral) as within-subject factors was performed4. The ANOVA 

revealed a significant main effect of emotion, F(1,38) = 39.18, f = 1.02, p < .001, indicating 

higher memory ratings for emotional compared to neutral pictures. In addition, the Item 

Type x Emotion interaction was statistically significant, F(1,38) = 11.64, f = .55, p = .002. A 

follow-up paired sample t test revealed that the emotional-neutral difference in memory 

was larger for crime-related compared to control pictures, t(38) = 3.41, p = .002, d = .73. 

Nonetheless, for both crime-related and control pictures, memory ratings were higher when 

these pictures were emotional compared to when they were neutral (crime-related: t(38) = 

5.82, p < .001, d = 1.13, control: t(38) = 3.07, p = .002, d =.37). These results were 

strengthened by BFs favouring the alternative: a BF of 34081.26 was found for the emotional 

vs. neutral crime-related comparison and a BF of 18.16 was found for the emotional vs. 

neutral control comparison. Thus, participants were more certain when rating the emotional 

pictures, particularly when the pictures were crime-related, but also when they were 

controls. 

Physiology. The skin conductance data of 2 participants within the first block of the 

CIT as well as the skin conductance data of 2 additional participants within the second block 

of the CIT were removed due to non-responsivity. Further, the skin conductance data of 1 

participant, the respiration data of 1 participant and the heart rate data of 1 other 

participant were lost due to either measurement errors or equipment failure. Thus, while 

the RLL and HR analyses are based on data of 38 participants, the SCR analysis is based on 

data of 34 participants. As noted in Experiment 1, a power-analysis had shown that the 

sample size should be 34 in order to detect a medium effect size (i.e., Cohen's d of 0.50) with 

a statistical power of at least 0.8. For the remaining participants, 1.6% of all SCRs, 0.8% of all 

                                                           
4
 Because better memory of control items is reflected by lower ratings, the scale was reversed for these items 

before analysis.   
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RLL and 2.5% of all HR responses to the individual stimuli were removed due to excessive 

movements and outliers. 

Because of the blocked design, we now included block order (arousing first versus 

neutral first) in the manipulation check, and also used a tonic measure of arousal (SCL). 

Specifically, we performed three 2-way mixed ANOVAs, with emotion (arousing versus 

neutral) as a within-subject factor and block order (arousing first versus neutral first) as a 

between-subjects factor on the ra  SCR, ra  ΔHR5 and the SCL. A significant main effect of 

emotion was observed for the SCL and SCR and a trend towards significance was observed 

for the HR (SCL: F(1,36) = 3.60, f = .32, p = .033; SCR: F(1,32) = 4.69, f = .38, p = .019; HR: 

F(1,36) = 2.75, f = .28, p = .053). These effects reflect higher physiological arousal in the 

arousing picture-block compared to the neutral picture-block. It should however be 

mentioned that the computed BFs provide only moderate evidence for the alternative 

hypothesis: a BF of 1.37 was found for the SCL, a BF of 1.85 was found for the SCR and a BF 

of 1.28 was found for the HR, all in favour of the alternative. Further, for both the SCL and 

SCR, a significant Emotion × Block Order interaction-effect was observed (SCL: F(1,36) = 

16.84, f = .68, p < .001; SCR: F(1,32) = 9.57, f = .55, p = .004). Follow-up paired sample t tests 

revealed that the difference in raw SCR and SCL between blocks was significantly larger for 

participants who started with an arousing block compared to those who started with a 

neutral block, SCL: t(36) = 1.90, p = .033, d = .62; SCR: t(32) = 2.17, p = .019, d = .74. Thus, 

both tonic and phasic skin conductance remained relatively stable when the second block in 

the CIT was arousing, but decreased when the second block was neutral. These results were 

strengthened by BFs: a value of 2.40 was found for the SCL and a value of 3.67 was found for 

the SCR, both in favour of the alternative. All other effects failed to reach significance. 

 

Main Analysis 

Means and standard deviations of the detection scores were computed for each 

condition and each physiological measure and are displayed in Table 2. An inspection of 

Table 2 shows that in all cases the detection scores were considerably larger than 0, meaning 

                                                           
5
 As the expected increase in tonic HR would be influenced by the phasic decrease in HR, we decided to analyse 

only the phasic response of this measure. 
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that the crime-related items consistently led to enhanced responses as compared to the 

control items. 

 

Table 2. Standardized Means and SDs of the Physiological Responses to Negative Arousing 

and Neutral Crime-related Items in Experiment 2 

 

The standardized SCR, RLL and HR responses were analyzed using paired sample t 

tests comparing the arousing and neutral picture-blocks. These t tests revealed significantly 

higher standardized SCRs in the arousing compared to the neutral picture-block (t(33) = 2.71, 

p = .011, d = .52), but no difference in the standardized RLL and HR responses between 

picture-blocks (RLL: t(37) = .31, p = .758, d = .06; HR: t(37) = -.96, p = .341, d = -.19). These 

results were strengthened by BFs: a BF of 4.11 in favour of the alternative was found for the 

SCR, while BFs of 5.47 and 3.72 in favour of the null were found for the RLL and HR, 

respectively. Thus, while there is substantial support for the alternative hypothesis with the 

SCR, there is substantial support for the null hypothesis with the RLL and HR measures. 

In addition to comparing the means of the detection scores, we evaluated CIT 

detection efficiency using the area under the ROC curve (e.g., Green & Swets, 1966; Swets et 

al., 1961). A description of the ROC analysis and its results can be found in Appendix B. 

 

Discussion 

Experiment 2 re-examined the question of whether emotional stimuli influence CIT 

detection efficiency by increasing stimulus arousal and by preventing a memory ceiling 

effect. Both these methodological changes had the expected effect. First, in contrast to 

Experiment 1, we found physiological evidence for the success of our arousal manipulation. 

The SCL, ra  SCR a d ra  ΔHR respo ses ere larger i  the arousi g o pared to the 

Measure N Mean Z score (SD) crime-related items 

  Negative arousing  Neutral 

SCR 34 0.73 (0.58) 0.45 (0.48) 

RLL 38 0.44 (0.46) 0.41 (0.58) 

HR 38 0.26 (0.49) 0.35 (0.52) 
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neutral picture-block. Second, memory was better for the emotional pictures than for the 

neutral pictures. After ensuring the success of our arousal manipulation, we returned to our 

main question and examined whether CIT detection efficiency was affected by the emotional 

value of the stimuli. Interestingly, an emotional heightening effect was observed only for the 

SCR. Thus, while SCR detection efficiency was stronger for emotional compared to neutral 

stimuli, RLL and HR detection efficiency were similar for emotional and neutral stimuli. Taken 

together, these findings indicate that emotional stimuli are better remembered and may be 

better detected when relying on the SCR (but not on the RLL and HR) measure.  

 

General Discussion 

In two separate experiments we examined whether CIT detection efficiency is affected by 

the emotional value of the stimuli. In both experiments, participants were requested to 

imagine that they are suspects in a murder and were familiarized with a number of crime-

related pictures that differed in arousal level and valence. Experiment 1 revealed that 

neither arousal/valence nor a time delay impacts upon the CIT effect. Physiological and 

memory data, however, indicated that the arousal manipulation was unsuccessful. 

Experiment 2 therefore aimed to increase stimulus-arousal (by using more arousing pictures 

and a blocked design) and prevent a ceiling effect of memory (by increasing the number of 

studied stimuli, reducing encoding time and including a more sensitive memory test). 

Indeed, both the physiological and memory data of Experiment 2 showed that the arousal 

manipulation exerted its intended effect. Moreover, CIT detection efficiency was heightened 

for emotional compared to neutral stimuli when relying on the SCR, but not when relying on 

either the RLL or HR measures.  

 

Emotional Stimuli and Memory 

Both the emotional and neutral crime-related stimuli were remembered almost 

perfectly in Experiment 1. This ceiling effect may be explained by the low demand of the 

memory task; participants were given ample time to study four stimuli. In Experiment 2 on 

the other hand, participants studied eight different stimuli, each for only 10 seconds. 

Consequently, while memory of the emotional stimuli remained high, memory of the neutral 

stimuli was significantly reduced. This observed memory pattern resembles that of central 
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and peripheral items in the CIT. Central ite s’ resista e to forgetti g has ee  asso iated 

with a more elaborated encoding which in turn increases the depth of processing (Gamer et 

al., 2010). Similarly, emotional stimuli have been shown to influence encoding, storage and 

retrieval. Clearly, in real-life, much longer time lags between crime and interrogation are 

common and in such cases memory may be reduced for all stimuli-types. However, as both 

the present study and previous memory studies (e.g., Bradley et al.,1992; Sharot & Phelps, 

2004) indicate that this memory-deterioration may be smaller for emotional compared to 

neutral stimuli, emotional stimuli may be preferable for delayed testing. 

 

Emotional Stimuli and Physiology 

 Unlike the emotional stimuli used in Experiment 2 (taken from the IAPS/NAPS), the 

emotional stimuli used in Experiment 1 (all taken from the IAPS) did not succeed to increase 

physiological activity. This was surprising as the IAPS (Lang et al., 1988) is a widely used and 

well validated stimulus set in the experimental study of emotional processes by laboratories 

across the globe. Each picture in this database was rated by numerous participants on 

measures of valence, arousal and dominance. These ratings have been found to be 

associated with objective measures of physiological arousal such as heart rate and skin 

conductance (Bradley et al., 2001; Lang, Greenwald, Bradley, & Hamm, 1993; for a review of 

research on the IAPS see Bradley & Lang, 2007). One explanation may be that the IAPS 

database is somewhat outdated, as is reflected by the low quality of its pictures (see 

Marchewka et al., 2014). Alternatively, the selected IAPS stimuli may have not been arousing 

enough for the present Israeli student population. As far as we know, there are no existing 

Israeli norms for the IAPS. There is however one study showing that Israeli students react 

differently (i.e., give higher valence ratings) to the IAPS pictures than the American 

population on which the norms are based (Okon-Singer, Kofman, Tzelgov, & Henik, 2011). In 

the pilot of Experiment 1 we also found differences between the normative ratings and 

Israeli ratings: the Israeli pilot sample gave lower arousal ratings than the normative 

American sample. Okon-Singer et al. (2011) suggested that this difference may be related to 

the compulsory military service in Israel, during which exposure to traumatic events is more 

likely to occur.  
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Emotional Stimuli and CIT Detection Efficiency 

Experiment 2 revealed that the usage of emotional stimuli in the CIT affects the skin 

conductance but not the cardiorespiratory measures. A similar fractionation of responses 

has been observed in previous studies examining a variety of factors (e.g., interfering task: 

Ambach, Stark, & Vaitl, 2011, question repetition: Ben-Shakhar & Elaad, 2002; 

countermeasure attempts: Ben-Shakhar & Dolev, 1996; Honts, Devitt, Winbush, & Kircher, 

1996). This fractionation aligns with the hypothesis that different mechanisms drive the 

various response measures (klein Selle et al., 2016, 2017). While the SCR CIT-effect may 

primarily reflect an orienting mechanism, the RLL and HR seem more responsive to arousal 

inhibition in the CIT. In line with this reasoning, klein Selle et al. (2017) found that stimulus 

salience (high versus low salient stimuli) influences the SCR (orienting factor), but not the 

RLL and HR (inhibition factor). Similarly, in the present study, stimulus emotion affected the 

SCR, but not the RLL and HR. The higher salience (i.e., significance) of the emotional stimuli 

might explain the parallel findings. Specifically, although emotion likely heightened the 

salience of both control and crime-related items, this increase might have been larger for the 

e otio al ri e-related  o pared to the e otio al o trol  sti uli. An alternative 

explanation in terms of memory (i.e., emotion increased memory and hence CIT detection 

efficiency) seems less likely as memory would be expected to affect all physiological 

measures, not only the SCR. 

 

Applied Implications 

In its forensic application, the CIT aims to assess recognition of crime-related facts 

that remained hidden from the media and the public. It is reasonable to assume that the 

more serious the crime, the higher the chance that the available facts are emotional in 

nature. Although such emotional stimuli are typically ignored in the laboratory, they are 

actually preferred by CIT practitioners (Osugi, 2011). The present findings support this 

practitioners' intuition and provide preliminary evidence to suggest that emotional stimuli 

do not deteriorate and may in fact improve CIT detection efficiency. Importantly, the present 

results provide an answer to concerns expressed by several researchers (e.g., Ben-Shakhar, 

2012; Ben-Shakhar & Furedy, 1990) that laboratory results cannot be generalized to the field 

because of differences in arousal. In fact, the findings of Experiment 2 show that as far as the 
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emotional value of the stimuli is concerned, results of laboratory studies represent a lower 

bound of the real accuracy. Still, as this is only the first CIT study to manipulate stimulus 

arousal and valence, replication studies are crucial to examine the robustness of the current 

observations.  

 

Limitations and Future Directions 

 Both physiological and recognition data showed that participants in Experiment 2 

were aroused by our emotional stimuli. However, although the emotional stimuli were 

arousing, they were just pictures. Real-life stimuli may not be inherently arousing, but rather 

become arousing through the crime (e.g., a rope used in a murder). Care must therefore be 

taken when generalizing these results of passive perception to real-life situations. Future 

studies could resolve this issue by manipulating stimulus emotion through different 

activities. Osugi and Ohira (2005), for example, instructed their participants to either stab a 

pillow or a doll.  

Second, although all arousing stimuli in the present experiments were negative, 

crime-relevant stimuli may in certain cases be positive (e.g., the stolen object in a theft may 

be positive to the perpetrator). Hence, future studies should also clarify the effect of such 

positively arousing stimuli on detection efficiency. As memory is mostly affected by arousal, 

rather than valence, similar results could be expected (see Kensinger, 2009). 

 

Conclusions 

Taken together, our findings indicate that the emotionality of CIT stimuli does not 

weaken and may even strengthen CIT validity with the SCR. These results carry an important 

practical importance and foster our understanding of how arousal, memory and CIT 

detection efficiency interact. Our results are reassuring in demonstrating that, as far as 

stimulus emotion is concerned, laboratory experiments can be generalized to real-life 

situations and provide us with the lower bound accuracy estimates.    

 



CHAPTER 4 
  

162 

 

Appendix A 

Table 3. Image-numbers From all Stimuli Used in Experiment 1 and Experiment 2 

Study Emotion Image–numbers 

Experiment 1 Negative arousing IAPS_3005.1, IAPS_3010, IAPS_3030, IAPS_3051, IAPS_3053, 

IAPS_3059, IAPS_3060,  IAPS_3130, IAPS_6020, IAPS_9302, 

IAPS_9480, IAPS_9623, IAPS_9904, IAPS_9909 

 Negative non-

arousing 

IAPS_6000, IAPS_7079, IAPS_7520, IAPS_9000, IAPS_9295, 

IAPS_9360, IAPS_9469, KDEF_AM04ANS,  KDEF_AM06ANS,  

KDEF_AM07ANS,  KDEF_AM25ANS,  KDEF_AM26ANS,  

KDEF_AM29ANS,  KDEF_AM30ANS  

 Neutral IAPS_7033, IAPS_7036, IAPS_7491, IAPS_7504, IAPS_7547, 

IAPS_7710, IAPS_9468, KDEF_AM08NES, KDEF_AM10NES,  

KDEF_AM14NES, KDEF_AM23NES, KDEF_AM28NES, 

KDEF_AM31NES, KDEF_AM34NES 

Experiment 2 Negative arousing IAPS_3030,  IAPS_3060,  IAPS_3062,  IAPS_3150,  

IAPS_3168,  IAPS_3213,  IAPS_3261, NAPS_Animals_016_h,  

NAPS_Animals_039_h,  NAPS_Animals_056_h,  

NAPS_Animals_063_h,  NAPS_Animals_073_h,  

NAPS_Animals_075_h,  NAPS_Animals_077_h,  

NAPS_Faces_364_v,  NAPS_Faces_365_v,  

NAPS_Faces_367_h,  NAPS_Landscapes_177_h,  

NAPS_Objects_001_h,  NAPS_Objects_013_h,  

NAPS_Objects_121_v,  NAPS_Objects_126_h,  

NAPS_Objects_132_h,  NAPS_Objects_149_h,  

NAPS_People_198_h,  NAPS_People_216_h,  

NAPS_People_220_h,  NAPS_People_221_h,   

 Neutral IAPS_7000, IAPS_7002, IAPS_7004, IAPS_7006, IAPS_7009, 

IAPS_7233, IAPS_7235, KDEF_AF01NES,  KDEF_AF06NES, 

KDEF_AF09NES, KDEF_AF13NES, KDEF_AF18NES, 

KDEF_AF19NES, KDEF_AF29NES, KDEF_AM08NES, 

KDEF_AM10NES, KDEF_AM13NES, KDEF_AM14NES, 

KDEF_AM28NES, KDEF_AM30NES, KDEF_AM34NES, 
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Note. To indicate the database the images stem from, we added KDEF_, IAPS_ or NAPS_ as a prefix 

 

 

 

 

 

NAPS_Landscapes_016_h,  NAPS_Landscapes_024_v, 

NAPS_Landscapes_037_v,  NAPS_Landscapes_042_h, 

NAPS_Landscapes_071_h,  NAPS_Landscapes_072_h, 

NAPS_Landscapes_083_h 
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Appendix B 

Adopted from Signal Detection Theory (SDT; e.g., Green & Swets, 1966; Swets et al., 1961), a 

standard measure used in memory detection research to evaluate CIT detection efficiency 

was computed (e.g., Ben-Shakhar & Elaad, 2003; National Research Council, 2003). This SDT 

measure, the area under the ROC curve, is typically derived by comparing the detection 

score distribution of knowledgeable (guilty) individuals with the detection score distribution 

of unknowledgeable (innocent) individuals. The area under the ROC curve describes the 

detection efficiency of the CIT across all possible cut-off points on the detection score and 

varies between 0 and 1, with a chance level of 0.5 (for a more detailed description of signal 

detection analysis as applied to the detection of concealed information, see Lieblich, 

Kugelmass, & Ben-Shakhar, 1970).  

 As the present experiment did not include a sample of unknowledgeable (innocent) 

participants, we used a simulation procedure to estimate their expected detection score 

distribution (see Meijer, Smulders, Johnston, & Merckelbach, 2007). The simulation 

procedure is based on the assumption that the individual crime-related items hold no special 

meaning for unknowledgeable participants and therefore there is no reason to expect that 

these items would elicit systematic differential responses. Since all responses are 

standardized within individuals, the expected responses of unknowledgeable participants to 

the individual crime-related items would have a mean of zero and a unit standard deviation. 

The average of these standardized responses (i.e., the detection score) would then have a 

mean of zero and a standard deviation of 1 divided by the square root of the number of 

crime-related items used for generating the detection score (here 8). As the simulation 

procedure further assumes that the detection scores are distributed normally, we created 

the hypothetical innocents distribution by taking random samples n (n equals the sample 

size of the relevant knowledgeable distribution) from a normal distribution; N , /√8 . The 

simulated distribution was then compared with the empirical detection score distribution 

obtained for the knowledgeable participants and the area under the ROC curve was 

computed. This process was repeated 10,000 times for each physiological measure in each 

condition and the mean area, as well as the 95% confidence interval of the area across the 

10,000 repetitions was computed.  
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Experiment 1. The empirical distributions in the arousing conditions were based on 

either neutral or negative arousing crime-related items and in the non-arousing conditions 

on either neutral or negative non-arousing crime-related items. Thus, a total of 8 areas 

under the ROC curves (4 conditions times 2) were computed per physiological measure. 

Detection efficiency with the SCR measure was well above chance in all conditions (i.e., the 

confidence intervals did not include a chance level of 0.5), with ROC areas ranging between 

0.67 and 0.85. Detection efficiency with the RLL measure was highly similar to that of the 

SCR measure, with ROC areas ranging between 0.65 and 0.83. Finally, ROC areas with the HR 

measure varied between 0.58 and 0.74, with a non-significant ROC area for negative 

arousing stimuli in the arousing delayed condition. A comparison of the areas obtained for 

emotional (either negative arousing or negative non-arousing) and neutral items revealed no 

statistically significant difference for any of the physiological measures (all Z < 1.60). 

Experiment 2. A total of 2 areas under the ROC curves, either based on the negative 

arousing or the neutral items, were computed per physiological measure. Detection 

efficiency with the SCR was well above chance with ROC areas of 0.84 and 0.75 for arousing 

and neutral items, respectively. Detection efficiency with the RLL was also well above chance 

with ROC areas of 0.76 and 0.70 for arousing and neutral items, respectively. Finally, 

detection efficiency of the HR measure was above chance with ROC areas of 0.68 and 0.71 

for arousing and neutral items, respectively. A comparison of the areas obtained for 

emotional (negative arousing) and neutral items revealed no statistically significant 

difference for any of the physiological measures (all Z < 1.30). 
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Although the field of memory detection has flourished over the last few decades, a number 

of pressing questions remain elusive. My thesis focused on three of these questions: (a) 

Which mechanisms underlie the differential responses to concealed information items? (b) 

Can implicitly remembered concealed items be detected? (c) Does the emotional nature of 

the items affect detection efficiency? The present dissertation aimed to answer these 

questions in four different chapters. What remains is to pull the different chapters together 

and integrate our newly acquired knowledge. This discussion will therefore start with a short 

summary of the main research findings and will then move on to theoretical and applied 

implications. 

 

Main Research Findings 

Memory Detection: Theory 

Because of the continuing uncertainty surrounding the theory of the Concealed 

Information Test (CIT), Chapters 1 and 2 examined whether orienting and arousal inhibition 

can explain the response patterns observed with different autonomic nervous system (ANS) 

measures. This was accomplished by contrasting two opposing motivational states. 

Specifically, in Chapter 1 (the witness experiment), participants in a suspect condition were 

motivated to conceal the crime-related items (orienting + inhibition), while participants in a 

witness condition were motivated to reveal the crime-related items (orienting only). In line 

with our predictions, the results of this experiment supported a response fractionation 

model. In particular, while the skin conductance response (SCR) similarly increased in both 

motivational conditions, the respiration line length (RLL) and heart rate (HR) suppressed only 

in the suspect condition. In Chapter 2 (the identity experiment) we (1) constructively 

replicated the witness experiment by using identity related, rather than mock-crime items, 

and (2) extended the witness experiment by using an additional item-salience manipulation. 

Corroborating our earlier findings, we again observed a fractionation between the different 

physiological measures. Specifically, the SCR increased in both motivational conditions, while 

the RLL and HR were suppressed only when motivated to conceal. Moreover, while the SCR 

was affected by item-salience, the RLL and HR were not. These results led us to conclude 

that while the SCR reflects orientation to the critical items, the RLL and HR reflect attempts 

at arousal inhibition. 
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 The studies presented in Chapters 1 and 2 used simple motivational instructions to 

manipulate the arousal inhibition factor – the simplicity of these experiments might just be 

their strength. Although previous studies used clever methods to reduce the motivation to 

conceal (e.g., subjects witnessed how the stolen object was revealed to the experimenter), 

attempts at arousal inhibition were merely reduced (e.g., Elaad, 2013; Matsuda, Nittono, & 

Ogawa, 2013; Zvi, Nachson, & Elaad, 2012). In the present study however, we introduced the 

motivation to reveal and aimed to eliminate all attempts at inhibition. Direct evidence for 

the success of our inhibition manipulation was provided by a recent replication of the 

witness experiment (see Rosenfeld, Ozsan, & Ward, 2017). These authors used an event-

related potential (ERP)-based CIT and found an electrophysiological sign of inhibition (i.e., a 

delayed N200/N300 response), but only when motivated to conceal. It bears mentioning 

however that the experimental design was slightly adjusted and instead of reading a crime 

story, participants were shown a crime video. Still, the crucial motivational manipulation 

(conceal versus reveal) was the same. 

 

Memory Detection: Sensitivity 

While the CIT is known to be sensitive to explicit recognition, Chapter 3 (implicit 

memory experiments 1 & 2) examined whether items that are only implicitly remembered 

can also be detected in the CIT. In two experiments, we created within participants, explicit 

and implicit memory for earlier learned information. Importantly, the experiments differed 

in the way that implicit memory was created; while experiment 1 relied on implicit encoding, 

experiment 2 relied on the forgetting of explicitly encoded information. The formation of 

implicit memory at the individual level, however, proved to be challenging and in both 

experiments we succeeded for about only 30% of the participants. Contrary to our 

expectations, the results of experiment 1 suggested that the CIT is not sensitive to implicit 

memory. It must be noted however, that CIT detection efficiency of explicitly remembered 

items was also far below the typical values, which may imply a floor effect. Therefore, in an 

attempt to enhance the explicit effect and, possibly, detect an implicit effect, two changes 

were made in experiment 2: memory encoding was strengthened and the number of critical 

items was increased. These changes had the expected effect on the detection efficiency of 

explicit memory; a stronger and significant CIT effect was observed with the SCR, RLL and HR 
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measures. Further, the detection efficiency of implicit memory remained weak and was 

significant only when using the HR measure.  

 

Memory Detection: External Validity 

 As real-life stimuli may be both negative and arousing, Chapter 4 (emotion 

experiments 1 & 2) examined whether and how emotional stimuli influence the outcomes of 

the CIT. In two experiments, participants were familiarized with a series of emotional and 

neutral pictures. In experiment 1, the emotional stimuli were either negative arousing or 

negative non-arousing and participants were tested with the CIT either immediately or after 

a week. CIT detection efficiency was found to be unaffected by both the emotional value of 

the stimuli and a time delay. However, both physiological and recognition data did not 

support the a ipulatio ’s effectiveness. In experiment 2, all emotional stimuli were 

negative arousing and each participant was tested with the CIT after a week. Importantly, we 

aimed to increase stimulus emotion by using new and more arousing pictures, and 

prevented memory ceiling effects through increasing the number of studied items, 

shortening encoding time and including a more sensitive memory test. This time, both 

physiological and recognition data indicated that the arousal manipulation was successful. 

Moreover, CIT detection efficiency with the SCR was heightened for emotional compared to 

neutral pictures, whereas CIT detection efficiency using the RLL and HR measures was similar 

for the two stimulus-types. 

 

Theoretical Implications 

A Look Into the Past  

 In Chapter 2 we presented a response fractionation model to explain the dissociation 

between the various ANS measures (see Figure 1). This model differs from previously 

presented theories by proposing multiple underlying mechanisms – previous theories have 

been too quick to assume that all measures are driven by the same mechanism (e.g., 

orienting theory: Lykken, 1974, arousal inhibition theory: Verschuere, Crombez, Koster, Van 

Bockstaele, & De Clercq, 2007). However, when reviewing the CIT literature, there were 

already several indicators that this focus on single factors was overly simplistic. First of all, 

the correlations between the different physiological measures appeared to be low (Gamer, 



 GENERAL DISCUSSION 

 

178 

 

Godert, Keth, Rill, & Vossel, 2008; Gamer, Verschuere, Crombez, & Vossel, 2008). Second, a 

number of experimental manipulations were found to divergently affect the SCR and the 

cardiorespiratory (RLL and HR) measures (e.g., interfering task: Ambach, Stark, & Vaitl, 2011, 

question repetition: Ben-Shakhar & Elaad, 2002). Third, a series of orienting studies 

suggested that while the SCR reflects the occurrence of a phasic orienting response, the RLL 

and HR reflect different sub-processes (e.g., Barry, 1996, 2006, 2009). This idea of 

physiological response fractionation was however ignored by the majority of the CIT 

community (for exceptions see Ambach et al., 2011; Suchotzki, Verschuere, Peth, Crombez, 

& Gamer, 2015). 

 

 
 

Figure 1. A response fractionation model of concealed memory detection. 

 

The current model can also account for a number of more specific findings. First of all, as the 

model suggests that only the SCR reflects an orienting response (which is known to 

habituate) it can explain why this measure is more sensitive to habituation than the RLL and 

HR (e.g., Ben-Shakhar & Elaad, 2002; Elaad & Ben-Shakhar, 1997; Gamer, Godert et al., 

2008). Second, as the model suggests that the HR reflects inhibition, it can explain why the 

typically observed deceleration may last for 15 seconds, rather than only 5 seconds as 

predicted by orienting theory (Richards & Casey, 1992). Finally, it may explain why the RLL 

and HR measures are more resistant to countermeasures than the SCR (Ben-Shakhar & 

Dolev, 1996; Honts, Devitt, Winbush, & Kircher, 1996; Peth, Suchotzki, & Gamer, 2016). 

Taken together, the response fractionation model can explain a number of old findings, even 
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those that previously seemed contradictory. This ability is a key feature of a strong theory 

and is a testimony to its generalizability. 

When digging into the CIT literature, there are also a number of previous findings 

that cannot be explained by our model. For example, Zaitsu (2016) found the CIT effect with 

the RLL, but not with the SCR and HR, to be stronger in the field than in the laboratory. 

Similarly, the inhibition manipulation applied by Matsuda et al. (2013) affected the RLL, but 

not the SCR and HR. This particular fractionation of responses points to the possibility that 

the RLL and HR are driven by different processes, while our model assumes that they are 

driven by the same mechanism. Alternatively, the RLL-HR dissociation may also reflect 

measurement error. Moreover, it bears mentioning that the artificial nature of our 

laboratory studies may not have revealed the mechanisms underlying physiological 

responding in real-life CIT examinations. Suzuki, Nakayama, and Furedy (2004), for example, 

noted that respiratory apnea occurs rarely in the lab, but frequently in the field and may 

reflect an emotional factor. Hence, there may be other yet-to-be-identified factors that play 

a role in forensic applications of the CIT (see also Rosenfeld et al., 2017). 

 

A Look Into the Future 

 As research progresses, the current model is expected to expand and include other 

measures and their mechanisms. This development is crucial as recent CIT studies have not 

relied only on ANS measures, but also on central nervous system and behavioral measures 

(see introduction). An increasingly popular measure is the P300 component of the ERP. 

Although the P300, like the orienting response, is affected by stimulus novelty and 

significance (Donchin, 1981; Kubo & Nittono, 2009), its amplitude has also been shown to be 

sensitive to inhibition (Polich, 2007). These findings are supported by Rosenfeld et al. (2017) 

whose results indicated that both orienting and inhibition contribute to the P300 CIT effect 

(but see Rosenfeld et al., 2017 for an alternative explanation). Specifically, while orienting 

only (in the witness condition) was sufficient to induce enlarged P300s to critical compared 

to control items, the critical-control difference was larger when both orienting and inhibition 

played a role (in the suspect condition). 

Another recently used measure that is both cheap and easy to implement is reaction 

time (RT). No sensors or electrodes need to be attached – all that is needed is a computer 
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with software that can record RT. The underlying mechanisms of the RT-CIT, however, 

remain to be explored; while research suggests a pivotal role of response inhibition 

(Seymour & Schumacher, 2009; Verschuere & De Houwer, 2011), the orienting factor hasn't 

been properly investigated. An exception is the study by Suchotzki et al. (2015). These 

authors tried to disentangle orienting and inhibition by instructing participants to deny 

knowledge of one crime and admit knowledge of a second crime. The differential response 

(yes vs. no) in the two conditions might however have acted as a confound and influenced 

the RT (see Sheridan & Flowers, 2010). We therefore decided to run an online replication of 

the witness experiment (Chapter 1) using RTs. The main advantage of the online format is 

that it allows one to quickly obtain a large sample (here: n = 363). Unexpectedly, the results 

revealed that there was basically no difference in the RT CIT effect between suspects 

(MRTdifference = 19.57 ms) and witnesses (MRTdifference = 14.16 ms), d = .20. Even though this 

finding does seem to be in line with the orienting account, one must consider that it can also 

be explained by an unsuccessful elimination of inhibition in the witness condition. While 

participants in the ANS study were requested to remain silent, the RT-format required an 

overt behavioral response. Specifically, participants pressed a "yes, this is a target" button to 

all target items and a "no, this is no target" button to all other items (both critical and 

control). The "no" response to critical items could have induced inhibition. So while our 

witness manipulation seems successful for the ANS-CIT (Chapters 1, 2) and some variants of 

the P300-CIT (see Rosenfeld et al., 2017), the use of targets in the RT-CIT may have 

interfered with its intended purpose of cancelling inhibition in the witness condition. A 

possible solution might be to change the meaning of the behavioral response (i.e., button 

press). This could, for example, be accomplished by presenting the target versus non-target 

items in different colors (or fonts) such as green and blue; a button-press to targets may 

the  ea  this ite  is gree , hile a utto -press to non-targets (both critical and 

o trol  ay ea  this ite  is lue  see De Hou er, . 

Although RTs are easily obtained, examinees are aware that their responses are 

being recorded and this awareness may induce attempts at countermeasures. Hence, there 

seems to be a need for measures that can be obtained covertly. Covert respiration measures 

were already successfully applied by Elaad and Ben-Shakhar (2009). These authors used 

hidden respiratory transducers in the seat and the back support of the examination chair. 
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Likewise, eye-tracking technology may be used to covertly assess the examinee. Peth, Kim, 

and Gamer (2013) already suggested that while eye fixations may be more related to an 

initial orienting response, eye-blinks might reflect processes related to inhibition. Support 

for the latter claim was provided by a second study of Peth et al. (2016). These authors 

found that mental countermeasures, that require cognitive effort and inhibition, lead to a 

similar degree of blinking suppression as the presentation of critical, crime-related details. It 

should be noted however that the available CIT studies examining eye movements are 

scarce and the validity estimates are only weak to moderate (see also Schwedes & Wentura, 

2012, 2016). More promising validity estimates were obtained using a novel CIT paradigm 

that combines both simultaneous and serial presentation of the stimuli (see Lancry, Nahari, 

Ben-Shakhar, & Pertzov, 2017). Interestingly, these authors found an initial attraction (which 

may reflect orienting) to the critical items followed by a strong repulsion (which may reflect 

inhibition). 

 

Applied Implications 

The sensational 1994 O.J. Simpson case that opened this dissertation is a perfect example in 

which the CIT could have been useful. In this high profile case, there were many critical 

details of the crime that were not released to the public and could have been known only by 

the true murderer. No CIT was however conducted and O.J. and his lawyers requested the 

more popular but problematic (see introduction) CQT. Unfortunately, this ignorance does 

not reflect a single case. Actually, the CIT has been generally neglected by law enforcement 

agencies around the world and has been adopted by field practitioners only in Japan.  

Japanese polygraphists perform about 5000 CITs annually, usually a combination of the 

known-solution and searching CIT (SCIT), in a wide range of cases such as murder, 

kidnapping and arson (see Ogawa, Matsuda, Tsuneoka, & Verschuere, 2015). The SCIT may 

also provide a promising tool in the fight against terror. As this application of the CIT is used 

to retrieve information that is unavailable to the investigators (e.g., the location of a bomb), 

it may be used to test suspected terrorists, as well as friends and family-members assumed 

to have knowledge of the planned attack (for a detailed description of the SCIT see Osugi, 

2011). Considering the above, the applied implications of this dissertation seem especially 
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important. I will start by discussing implications that apply to all measures and then discuss 

the separate measures more deeply.  

 

What is Memorable? 

As both the initial orienting response and subsequent inhibition depend on 

recognition of the critical items, it is crucial that these items were noticed, encoded and 

stored in memory. This assumption has been identified as perhaps the most difficult 

problem faced by CIT users (see Krapohl, 2011). Although encoding and storage are easily 

ensured in the laboratory, this is not necessarily true in real-world investigations. Different 

factors such as alcohol, drugs and emotional and or physical trauma may also play a role and 

make it even more difficult to estimate which crime-related items will be remembered and 

which will not. Importantly however, the findings reported in Chapter 3 show that CIT 

validity is closely coupled to explicit recognition. Hence, preference should be given to items 

that are expected to have been (1) explicitly encoded, and (2) whose explicit memory 

endured during the time between the crime and CIT. Although this preference cannot be 

ensured, there are several relevant considerations when selecting the critical items. First, 

memory is expected to be better for items that were central (e.g., the murder weapon) 

rather than peripheral (e.g., a picture on the wall) to the crime (Gamer, Kosiol, & Vossel, 

2010; Nahari & Ben-Shakhar, 2011; Peth, Vossel, & Gamer, 2012). Second, as noted by Osugi 

(2011) and related to the central/peripheral distinction, items that refer to one's own 

actions and to intentional and deliberate acts are remembered better than items that were 

merely seen and accidental. Third, memory is also expected to be better for items that were 

repeatedly encountered during the crime compared to items that were encountered only 

once. 

In addition to the above considerations, both Chapter 4 and the extensive memory 

literature, suggest that emotional items may be better encoded, stored and recalled than 

neutral items (Kensinger & Corkin, 2003; Kensinger, Garoff-Eaton, & Schacter, 2007; Sharot 

& Phelps, 2004). Specifically, in Chapter 4 it was found that while memory of arousing items 

remains stable over a week delay, memory of neutral items significantly decreases. As longer 

time-lags are expected in the real-world, this difference in memory between emotional and 

neutral items might increase even more. Indeed, several memory studies have revealed 
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surprisingly accurate and vivid memories of emotional events that occurred years earlier 

(Brown & Kulik, 1977; but also see Christianson, 1989). Such vivid and detailed held 

memories for arousing events led Brown and Kulik (1977) to introduce the popular term 

flash ul  e ories  ut see Adolphs, De urg, & Tranel, 2001; Burke, Heuer, & Reisberg, 

1992; Phelps & Sharot, 2008; Sharot & Yonelinas, 2008). To summarize, although selecting 

good CIT items is not an easy task, it should be aimed to pick those items that may be 

considered most memorable for the offender. 

 

What Affects Orienting? 

 According to the response fractionation model, the SCR reflect an orienting response. 

Hence, this measure is expected to be sensitive to changes in item-novelty and significance. 

An item's significance (i.e., salience) is a reflection of its importance and is determined by 

cognitive and motivational as well as emotional factors. When relying on personal items, the 

differences in significance are rather obvious; one's first name is clearly more important than 

one's age. As predicted from the current model, Chapter 2 showed that high salient personal 

items induce larger SCRs than low salient personal items. When relying on crime-related 

items, however, the differences in significance are not always that clear. Hence, practitioners 

may reflect on the above considerations and select items that were either central to the 

crime, actively handled or emotional. Again, as predicted by the model, Chapter 4 showed 

that the SCR CIT effect was enhanced for emotional crime-related compared to neutral 

crime-related items.  

 Unlike item-significance, item-novelty is influenced by the way the test is built and is 

not only a feature of the stimulus itself. Novelty in the CIT can be maximized by increasing 

the number of different questions (instead of repeating questions) or by increasing the 

number of items per question. As the usable information may be sparse in real-life, only two 

or three different questions may be formulated. The number of plausible control items, on 

the other hand, may be more easily increased. In one of the earliest CIT studies, Geldreich 

(1941) presented either a small (5) or a large (20-50) number of stimuli before the critical 

one and revealed a larger SCR CIT effect for the latter. This positive relationship between 

stimulus set-size and SCR validity was supported by two additional studies examining the 

dichotomization theory (Ben-Shakhar, Lieblich, & Kugelmass, 1975; Lieblich, Kugelmass, & 
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Ben-Shakhar, 1970). Furthermore, novelty is also determined by the degree of similarity 

between items. This was actually one of the main predictions from the feature-matching 

theory (see introduction). Importantly, when the concealed items are too similar to the 

control items, responses may generalize (see Nakayama, 2002); Gati and Ben-Shakhar (1990) 

revealed a negative monotonic relationship between the degree to which the critical items 

match the controls and SCR detection efficiency. These findings suggest that superordinate 

categories may be preferred when formulating the CIT questions. For example, instead of 

asking whether the getaway vehicle was a Suzuki, Ford, Toyota, Citroen, Opel, or BMW, it 

would be preferable to ask whether the getaway vehicle was a car, bicycle, motorcycle, bus, 

taxi, or helicopter. 

 Related to the concept of novelty is habituation. As mentioned, several studies 

showed that the SCR, unlike the RLL and HR, is sensitive to habituation – this finding is well 

explained by the habituation of the orienting response. There are several methods that can 

reduce the negative impact of this habituation process. First, the novelty of the critical items 

should be maximized. As explained, this can be accomplished by increasing the number of 

items per question, which should be relatively easy in both laboratory and real-life cases. 

Second, catch items may be included in the CIT questions (as done throughout all our 

experiments). These items require a differential response and, hence, also keep the 

examinee alert to all items presented. Third, the raw physiological responses may be 

transferred into within-block standard scores (as done in all experiments reported in 

Chapters 1, 2 and 4). The use of such standard scores minimizes habituation effects as the 

responses to critical items are computed relative to the responses to control items 

presented in the same question-block (see Elaad & Ben-Shakhar, 1997; Ben-Shakhar & 

Dolev, 1996). Fourth, larger weights may be assigned to the RLL and HR measures (which are 

more resistant to habituation) in the later blocks of the CIT. Finally, repeated testing (which 

may occur when the test result is inconclusive) should be avoided and the time-interval 

between crime and test should be minimized. 

 

What Affects Arousal Inhibition? 

 According to the response fractionation model, the RLL and HR reflect attempts at 

arousal inhibition. Importantly, both Chapters 1 and 2 showed that the need for inhibition is 
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closely tied to the motivation to conceal. When motivated to reveal, no inhibition was 

assumed to take place and the RLL and HR CIT effects disappeared. In real-life cases 

however, the motivation to conceal may be affected by various factors and may reduce over 

time. Interrogations often include sophisticated psychological techniques that are targeted 

at obtaining a confession and wear out the suspect (see Kassin et al., 2010). Consequently, a 

guilty suspect might lose all motivation and show either no or reduced RLL and HR responses 

in the CIT. Hence, for this and many other reasons, the CIT should preferably be conducted 

at the initial stages of the investigation. 

 In addition to external factors that may affect the motivation to inhibit responses, 

there may be individual differences in the capacity to inhibit responses. Hence, a preliminary 

screening test that can determine this capacity may predict the accuracy of the RLL and HR 

measures (see Matsuda, Ogawa, Tsuneoka, & Verschuere, 2015; Noordraven & Verschuere, 

2013). Moreover, certain clinical populations may be either particularly poor or good 

inhibitors – most relevant for forensic applications of the CIT are the clinical populations 

overrepresented in prison. The antisocial personality disorder, for example, has been shown 

to affect large parts of the prison population (50-80%), and, has been associated with poor 

executive functions, including motor control and response inhibition (Morgan & Lilienfeld, 

2000). Although this personality disorder describes a broader spectrum of deficits it shares 

several characteristics with psychopathy (Ogloff, 2006). Indeed, also psychopaths have been 

found to be impaired on behavioral inhibition tasks (e.g., Roussy & Toupin, 2000; but see 

also Munro et al., 2007). Moreover, both antisociality and psychopathy have been 

associated with skin conductance hyporesponsivity (see Verschuere, Crombez, Koster, & De 

Clercq, 2007). Hence, while lower detection scores would be predicted with the SCR 

(hyporesponsivity), larger detection scores would be expected with the RLL and HR (poor 

inhibition). Even so, two CIT studies showed that anti-sociality has little to no effect on CIT 

validity with the SCR, RLL and HR measures (Verschuere, Crombez, De Clercq, & Koster, 

2005; Verschuere, Crombez, Koster, & De Clercq, 2007). 

 

Strengths and Limitations  

The present dissertation has a number of strengths. First, although it also focused on 

practical questions, it started with a theoretical one (Chapter 1). The importance of such a 
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theoretical drive was extensively described in the introduction. Returning to the words of da 

Vinci, it served as a compass and guided us home. Indeed, after replicating our initial findings 

(Chapters 1, 2) we formulated a theoretical model that allowed us to generate new 

predictions and explain certain practical findings (see Chapter 4). Second, the successful 

replication in Chapter 2 speaks to both the validity and generalizability of our results. It also 

follows a popular trend in psychological science to estimate the reproducibility of both 

classical and contemporary effects (see Aarts et al., 2015; Klein et al., 2014). Third, in all our 

experiments we used relatively large samples and relied on three different physiological 

measures. The employment of multiple measures is important as single measures have only 

a limited usage. Some examinees may for example be skin conductance non-responders, but 

do show enhanced responses with either the respiration or the heart rate measure. 

Moreover, the usage of multiple measures revealed a fractionation of responses that 

enhanced our understanding of the memory detection phenomenon. Finally, by pre-

registering the later experiments (Chapters 3, 4) and by placing all data on an open science 

framework we took some initial steps towards a more open scientific environment. 

 In spite of its strengths, the present dissertation also contains a number of 

limitations. These limitations are tied to the ecological validity of the samples and utilized 

designs. First, each study was performed in the laboratory and relied on students as 

participants. Clearly, the student population is expected to differ in several important ways 

from the population of interest. Not only in age, socio-economic status and so on, but also in 

criminal background, personality and psychological health. Hence, it remains to be 

determined whether these findings generalize to a criminal sample. Second, all studies were 

run by student research assistants in a neutral environment. In real-life however, both the 

polygraph examiner and the testing situation may be threatening to the examinee. Hence, 

fear and other negative emotions may play a role, as also indicated by the findings of 

Chapter 4. 

 Third, in both Chapters 1 and 4 we used an "imagination" scenario. This scenario 

entails participants to simulate the role of a suspect by imagining that they performed a 

crime. Although previous studies have successfully used such imagination scenarios (e.g., 

Verschuere, Crombez, Koster, Van Bockstaele, & De Clercq, 2007), a more ecologically valid 

alternative is provided by the mock-crime scenario. Participants in this scenario perform a 
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fictional crime and, hence, both their motivation and engagement during the CIT are likely to 

be higher. CIT detection efficiency in the present studies was however highly similar to that 

observed in typical mock-crime studies (see Meijer, klein Selle, Elber, & Ben-Shakhar, 2014). 

One problem that concerns both types of scenarios is the instructed nature of concealment. 

Although such instructed concealment characterizes most CIT and deception research, it 

differs drastically from what happens in the real world. Clearly, real criminals are not asked, 

but chose to commit crimes and deceive. The possible effects of free choice were examined 

in a recent study from our laboratory (i.e., Nahari, Breska, Elber, klein Selle, & Ben-Shakhar, 

2016). Specifically, we compared a condition in which participants were given the choice to 

commit a mock-crime with a condition in which participants were instructed to perform a 

mock-crime. Although this manipulation had no effect on CIT detection efficiency, it remains 

to be determined whether spontaneous and self-initiated deception affects detection 

efficiency.  

 

Future Research Directions 

As discussed above, although our findings provide some further clarity regarding the 

underlying mechanisms of the ANS-based CIT, it remains to be determined which 

mechanisms increase the P300, deter the RT and direct our eyes on the concealed items. Our 

inhibition manipulation (used in the experiments of Chapters 1, 2), may be used for this 

purpose. More research is also needed to examine the incremental validity of combining 

ANS, ERP and eye-tracking measures. It should be noted however that the weaknesses 

inherent in the CIT paradigm may not be solved by using new measures (see Meijer, 

Verschuere, Gamer, Merckelbach, & Ben-Shakhar, 2016). For example, both the classically 

used SCR and the newly used P300 and eye-tracking measures have been shown to be 

sensitive to countermeasures (e.g., Peth et al., 2016; Rosenfeld, Soskins, Bosh, & Ryan, 

2004). So, the challenge for future researchers would be to find paradigms that can 

overcome such weaknesses. Rosenfeld et al. (2008), for example, developed the P300-based 

Complex Trial Protocol, which temporally separates the presentation of critical and control 

items from target and non-target items. A number of later studies demonstrated that this 

protocol is indeed highly resistant to both mental and physical countermeasures (Meixner & 

Rosenfeld, 2010; Rosenfeld & Labkovsky, 2010; Winograd & Rosenfeld, 2011; but see Lukács 
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et al., 2016). Another possible way to overcome the countermeasure problem is by placing 

the stimuli on the fringe of awareness. For example, either by using a subliminal 

presentation method (see Maoz, Breska, & Ben-Shakhar, 2012) or by using a rapid 

presentation rate (see Bowman, Filetti, Alsufyani, Janssen, & Su, 2014). A rapid presentation 

of the stimuli, however, may be problematic when using ANS measures as it leads to 

overlapping responses. Still, as several studies have used different methods to decompose 

and score such overlapping responses (Alexander et al., 2005; Lim et al., 1997, 1999), faster 

presentation rates should be further investigated.  

 A second and promising line of future research concerns the external validity of the 

CIT. Although several studies have systematically manipulated different factors in the 

laboratory (e.g., time between crime and test, arousal, free choice), many open questions 

remain. For instance, what is the effect of spontaneous and self-initiated deception? How do 

different clinical disorders – that are overrepresented in forensic samples – affect CIT 

detection efficiency? The question of how emotional stimuli affect the outcomes of the CIT 

seems to be answered in the present dissertation. Specifically, both memory and CIT 

detection efficiency using the SCR were found to be improved for emotional compared to 

neutral stimuli (experiment 2 in Chapter 4). Future studies may examine the generalizability 

of these results by using other methods to manipulate stimulus emotion. For example, 

initially neutral stimuli may acquire an emotional loading by asking participants to perform 

an emotional activity with the stimuli (e.g., see Osugi & Ohira, 2005) or by incorporating the 

stimuli within an emotional story. All in all, there are several factors related to the external 

validity of the CIT that need further investigation. Such a line of research will provide more 

clarity regarding the real-life detection capabilities of the CIT. 

 

Concluding Remarks 

Following years of energized research, there were still a number of burning questions 

surrounding the memory detection phenomenon. The current dissertation aimed to answer 

these questions and strengthened the theoretical backbone of the CIT. It elucidates not only 

factors that are necessary (orienting, inhibition), but also factors that contribute (emotion) 

to the ANS-based CIT effect. Moreover, it delineates the boundary conditions of this effect. 

Thus, although our findings also raise new questions, we can only hope that the CIT is a 
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method whose time has finally arrived. So be on your best behavior, or, one day you may 

fi d yourself ei g asked… What are you hiding? 
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Geheugendetectie is een techniek waarbij met behulp van fysiologische reacties kan worden 

vastgesteld of iemand informatie verbergt. Ondanks uitgebreid onderzoek naar 

geheugendetectie blijven verschillende vragen onbeantwoord: (a) Welk psychologisch 

proces verklaart de fysiologische reacties die verborgen informatie oproept? (b) Kunnen 

alleen expliciete (bewuste) herinneringen of ook impliciete (onbewuste) herinneringen 

gedetecteerd worden? (c) Beïnvloedt de emotionele lading van de verborgen informatie 

detectie-efficiëntie? Het huidige proefschrift had als doel deze vragen te beantwoorden.  

 

Belangrijkste Onderzoeksbevindingen 

Geheugendetectie: Theorie 

In Hoofdstukken 1 en 2 werd onderzocht wat de fysiologische reactie bij verborgen 

informatie kan verklaren: Is dat, zoals lang gedacht, de oriëntatierespons, of misschien 

eerder juist de poging fysiologisch arousal te onderdrukken? De oriëntatierespons is een 

reflexmatige reactie die wordt uitgelokt door nieuwe en/of relevante (b.v. verborgen) 

informatie. Deze respons leidt tot een set van fysiologische reacties die overeenkomt met de 

reacties die verborgen informatie oproept (zoals een verhoogde huidgeleiding, vertraagde 

ademhaling en hartslag). Echter, ook de poging fysiologisch arousal te onderdrukken, met als 

doel de informatie te verbergen, leidt tot soortgelijke reacties. We vergeleken de 

oriëntatierespons en onderdrukkingstheorie door de motivatie van deelnemers tijdens een 

geheugendetectietest te manipuleren. In Hoofdstuk 1 (het getuigen experiment) werd de 

helft van de deelnemers gemotiveerd om informatie van een misdaad te verbergen. Zij 

speelden de rol van “verdachten”. Verwacht werd dat de verborgen informatie een 

oriëntatierespons zou ontlokken en dat deelnemers zouden proberen deze reactie te 

onderdrukken. De overige deelnemers werden juist gemotiveerd om de informatie van het 

misdrijf te onthullen. Zij speelden de rol van “getuigen”. Bij getuigen werd alleen een 

oriëntatierespons verwacht. Op deze manier konden we toetsen of het onderdrukken van 

fysiologische reacties bijdraagt aan geheugendetectie. De resultaten toonden dat er 

waarheid zit in beide theorieën. Welke theorie klopt, hangt namelijk af van de fysiologische 

maat. De huidgeleiding liet in beide condities toe om de informatie te detecteren en lijkt dus 

vooral gerelateerd aan de oriëntatierespons. De ademhaling en hartslag sloegen enkel uit bij 
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de verdachten conditie, wat erop wijst dat deze reacties nauw gekoppeld zijn aan de poging 

fysiologisch arousal te onderdrukken.  

In Hoofdstuk 2 (het identiteit experiment) werd een soortgelijk experiment 

uitgevoerd waarin de helft van de deelnemers werd gemotiveerd om hun identiteit te 

verbergen en de andere helft werd gemotiveerd om hun identiteit te onthullen. De 

geheugendetectietest bevatte dus informatie over de identiteit van deelnemers in plaats van 

informatie over een misdaad. Deze informatie was of zeer betekenisvol (b.v. voornaam, 

achternaam) of minder betekenisvol (b.v. leeftijd, woonplaats). Dit liet ons toe te testen of 

het belang van informatie invloed heeft op detectie-efficiëntie – zoals voorspeld vanuit de 

oriëntatierespons hypothese. De resultaten kwamen overeen met de bevindingen van ons 

eerste experiment: hoewel de huidgeleiding er in beide condities in slaagde om verborgen 

informatie te detecteren, reageerden de ademhaling en hartslag enkel wanneer deelnemers 

gemotiveerd waren om hun identiteit te verbergen. Bovendien werd zeer betekenisvolle 

informatie beter gedetecteerd door middel van de huidgeleiding dan minder betekenisvolle 

informatie maar niet door middel van de ademhaling of hartslag. Deze resultaten 

versterkten onze eerdere conclusie dat de huidgeleiding vooral gerelateerd is aan de 

oriëntatierespons, terwijl de ademhaling en hartslag pogingen tot het onderdrukken van 

fysiologisch arousal reflecteren.  

 

Geheugendetectie: Sensitiviteit Voor Impliciet Geheugen 

In Hoofdstuk 3 (impliciet geheugen experimenten 1 & 2) werd in twee experimenten 

onderzocht of behalve expliciete (bewuste) herinneringen ook impliciete (niet bewuste) 

herinneringen gedetecteerd kunnen worden. In het eerste experiment leerden deelnemers 

een lijst met 30 woorden. Vervolgens werd beoordeeld of er expliciete dan wel impliciete 

herkenning was van de geleerde woorden, en zo ja, dan werd de geheugendetectietest 

afgenomen. De geheugendetectie van impliciete herinneringen bleek echter niet succesvol. 

De detectie van expliciete herinneringen was zoals verwacht wel succesvol, maar slechter 

dan gebruikelijk. In het tweede experiment werden daarom twee wijzigingen aangebracht. 

Ten eerste versterkten we de inprenting van het geheugen en ten tweede vergrootte we het 

aantal expliciet en impliciet herinnerde woorden in de geheugendetectietest. Deze 

veranderingen hadden het verwachte gewenste effect op de detectie van expliciet geheugen 
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– een sterker effect werd waargenomen met de huidgeleiding, ademhaling en hartslag. De 

detectie van impliciet geheugen was nog steeds niet succesvol met de huidgeleiding en 

ademhaling, maar wel met de hartslag. Echter, omdat dit typisch de minst sensitieve maat is 

en de uitkomst gebaseerd is op voorlopige resultaten met 15 deelnemers, dient die 

bevinding met grote voorzichtigheid benaderd te worden. Alles samengenomen besluiten 

we dat de sensitiviteit van geheugendetectie sterk gerelateerd is aan expliciete herkenning 

en dat er weinig bewijs is dat geheugendetectie ook gevoelig zou zijn voor impliciete 

herkenning. 

 

Geheugendetectie: Emotionele Lading van de Verborgen Informatie 

Vooral in de forensische context kan de verborgen informatie emotioneel van aard 

zijn. Het gros van het onderzoek naar geheugendetectie gebeurde evenwel met neutrale 

stimuli. In Hoofdstuk 4 (emotie experimenten 1 & 2) werd daarom onderzocht of de 

emotionele lading van de verborgen informatie geheugendetectie beïnvloedt, met name na 

verloop van enige tijd. In beide experimenten leerden deelnemers neutrale, maar ook 

emotionele foto’s. De helft van de deelnemers onderging vervolgens direct een 

geheugendetectietest, terwijl de andere helft van de deelnemers na een week terugkwam 

om de test uit te voeren. Verrassend genoeg bleek er geen effect van emotionele lading 

noch van tijd. Er waren echter aanwijzingen dat de emotionele lading van de gekozen foto's 

onvoldoende sterk was. In experiment 2 werden daarom nieuwe en meer prikkelende foto’s 

gebruikt. Verder bleek dat de deelnemers in experiment 1 alle foto's bijna perfect 

herinnerden, wat weinig realistisch is. In experiment 2 werd daarom ook geprobeerd het 

geheugen te verzwakken door (a) het aantal te leren foto's te vergroten, (b) de presentatie-

tijd van deze foto’s te verkorten en (c) alle deelnemers pas na een week met de 

geheugendetectietest te onderzoeken. Dit keer was de emotionele lading van de stimuli wel 

sterk genoeg en werden emotionele stimuli ook beter gedetecteerd met de huidgeleiding 

dan de neutrale stimuli. De detectie-efficiëntie van de ademhaling en hartslag verschilde niet 

voor emotionele versus neutrale stimuli. Alles samengenomen betekent dit dat het gebruik 

van emotionele stimuli geen verzwakkend effect heeft op geheugendetectie, maar mogelijk 

juist een versterkend effect heeft (met huidgeleiding). 
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Slotbeschouwing 

Ondanks jaren van onderzoek, bleven een aantal prangende vragen omtrent 

geheugendetectie onbeantwoord. In het huidige proefschrift is getracht deze vragen te 

beantwoorden en het theoretisch kader van geheugendetectie uit te werken. Daarnaast 

heeft dit proefschrift onze kennis over randvoorwaarden en factoren die bijdragen aan 

geheugendetectie vergroot. Dus hoewel onze bevindingen ook nieuwe vragen oproepen, 

kunnen we alleen maar hopen dat de tijd van geheugendetectie eindelijk is aangebroken.  
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 תקציר בעברית

 

שימוש במדדים פיזיולוגים והתנהגותיים לשם גילוי מידע חבוי הינו רעיון מסקרן בלשון המעטה. אמנם 

, חיזקו את תוקף השיטה, אך במהלכן התעוררו CIT-שנים של מחקר אודות מבחן פריטים מוכמנים, ה

את ההבנה של תופעת  שאלות חדשות. תזה זו התמקדה בשלוש שאלות שמטרתן המשותפת היתה להעמיק

זיהוי המידע החבוי. ראשית, מהו המנגנון שבבסיס השונות התגובתית לפרטי מידע מוסתרים? בניסויים 

התגלה שמדד המוליכות העורית משקף תגובת אוריינטציה לפריטים בעלי  2-ו 1המוצגים בפרקים 

 רגיש CIT -נית, האם מבחן המשמעות, בעוד שמדדי קצב הלב והנשימה משקפים נסיון לדיכוי עוררות. ש

לא  3או שמא גם לזכרון לא מודע )אימפליציטי(? הניסוי המוצג בפרק  לזכרון מודע )אקספליציטי( בלבד,

סיפק ראיה משכנעת לרגישות המבחן לזכרון לא מודע, ונראה כי תוקף המבחן תלוי במידה רבה בזיהוי 

ים המוסתרים משפיע על יעילות הגילוי? מודע של הפריטים. שלישית, האם הערך הרגשי של הפריט

באמצעות מדד המוליכות  -CITמצביעים על כך שזיכרון וכן יעילות מבחן ה 4הניסויים המוצגים בפרק 

העורית יכולים להיות מוגברים עבור פריטים בעלי ערך רגשי בהשוואה לפריטים ניטרלים, בעוד שאבחון 

 ב הלב והנשימה לא מושפע מהערך הרגשי של הפריטים. שקלול של התוצאות הנ"לבאמצעות מדדי קצ

המדדים הפיזיולוגים, ומסייע  , יחד עם הבחנה ביןCIT-מספק תובנות חדשות על הבסיס התיאורטי של ה

 בזיהוי הגורמים התורמים לגילוי מוצלח של מידע מוסתר.



שחר, ד"ר ברונו ורשורה ופרופסור ד"ר -ד"ר גרשון בן פרופסור אמריטוסל עבודה זו נכתבה תחת פיקוחם ש
 מירל קינדט.

 

 



 

 

 

 

 מה אתם מסתירים?

 המנגנונים המסבירים והתורמים לאבחון פיסיולוגי של

מידע מוסתר   
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מאת נטלי קליין סלה   

 הוגש לסנט
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