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Abstract 
 

Chapter 1  

GENERAL INTRODUCTION AND THESIS OVERVIEW 
 

1.1. Introduction 

Across most cultures, truth is regarded as highly valuable. However, because telling 

the whole truth does not always offer advantages in everyday life, deception is much more 

frequent in our lives than most people generally believe. Lying is a prevalent feature of human 

behavior, which may be expressed in a variety of forms and situations. The research on 

deception is exciting and emotionally engaging, “because human relationships and the human 

condition can rise or fall depending upon whether key actors adopt truthful or deceptive 

strategies when they navigate life situations” (Bond, 2012, p. 1). 

After many previous attempts to develop an operational definition of deception (for a 

review, see Vrij, 2008), researchers argued that it is“a successful or unsuccessful deliberate 

attempt, without forewarning, to create in another a belief which the communicator considers 

to be untrue” (Vrij, 2008, p. 15). This definition may seem broad, but it successfully 

integrates most types of deception, such as exaggeration (Tyler, Feldman & Reichert, 2006), 

presenting truthful information in a misleading manner (Vrij, 2008), concealing information 

(Metts, 1989) and outright falsifications (DePaulo, Kashy, Kirkendol, Wyer & Epstein, 1996; 

Ekman, 1997). The process of concealing information is the focus of the investigation in the 

present thesis.The frequent use of deception in social contexts is associated with a growing 

desire to detect it. Perhaps the main difficulty is that there are no verbal, nonverbal or 

physiological cues uniquely associated with deception. For example, a comprehensive meta-

analysis conducted by DePaulo et al. (2003) examined 158 behavioral cues from the 

deception literature and failed to support the existence of the majority of these as cues to 

deceit. In other words, the equivalent of Pinocchio’s growing nose does not exist.  

It is of particular interest to forensic science to advance in the understanding of 

memory processes that underlie suspects’ knowledge with regards to crime-related 

information. Guilty suspects are unique in comparison to innocent suspects, because they 

possess such critical knowledge about the crime. Only they can recognize the crime-scene 

items when they are confronted with them and respond accordingly. Instead of relying on 

suspects feeling aroused or anxious when deceptively answering to crime-related questions, 

examiners might assess the recognition of crime-relevant information. When the test is 
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properly designed, the knowledgeable (guilty) suspect is the only one who can differentiate 

the probe from the incorrect items.The method designed to detect concealed knowledge was 

traditionally named the Guilty Knowledge Test (GKT, Lykken, 1959), but more recently it 

has been referred to as the Concealed Information Test (CIT; see Verschuere et al., 2011).  

Recently, Verschuere and Ben-Shakhar (2011) reviewed the main theoretical 

approaches proposed to account for the underlying mechanisms of concealed information 

detection.As previously explained, the critical information regarding the crime details can 

elicit behavioral and physiological responses in guilty suspects. It has been argued that these 

responses are most likely to be explained by cognitive, rather than emotional factors (Ben-

Shakhar & Furedy, 1990). The main theoretical account for the enhanced reactions to the 

critical information is structured around the construct known as the orienting response (OR, 

Sokolov, 1963). During a CIT, concealed information is primed in the short-term memory as 

relevant (Gati & Ben-Shakar, 1990). New incoming stimuli are automatically compared with 

the relevant items. If this comparison results in a match, an orienting response is elicited. This 

will interrupt the ongoing behavior and attention will be allocated to the relevant information, 

resulting in impaired performance on a secondary task (Verschuere, 2005). 

The validity of additional measures that can be incorporated into the CIT may also be 

important.Several behavioral measures can be used for detecting concealed information with 

the CIT. Seymour et al. (2000) were the first to examine whether concealed information can 

be detected using only RTs, without concurrent ERP recordings. It has been found that RT 

measures can be reliable indicators of guilty knowledge (RTs were slowest for guilty-probe 

responses). This version of the test is now known as the RT-based CIT (Verschuere et al., 

2010). In this procedure, the subject is required to give speeded responses to three types of 

items: probes, targets, and irrelevants. Probe items are selected from the crime itself and are 

supposed to represent relevant details of the crime; the irrelevant items share a variable degree 

of categorical similarity with the relevant items, and are usually several times more numerous. 

The deceptive participant denies recognition of both irrelevant and probe items. Target items 

(explicitly learned and recognized as such) are used in order to prevent the subject from 

entering an automatic mode of responding; they also share categorical similarity with the 

other two types of items. Several studies have suggested that this procedure can successfully 

differentiate between truthful and deceptive responses, supporting the validity of the RT-

based CIT (see Verschuere and De Houwer, 2011).  

Although behavioral cues to deception are important, past research on concealed 

information detection has largely overlooked the cognitive processes involved in producing 
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deceptive behavior. Recently it has been argued that focusing on basic cognitive mechanisms 

and strategies would be an essential step in the development of deception research (Bond, 

2012) and in improving the existing deception detection techniques. Most of the scientific 

literature implies that deception is associated with greater cognitive effort than truthful 

responses. When deceiving, one has to coordinate several cognitive demanding tasks: to select 

a response that is incompatible (i.e., conflicts) with the truth, to suppress a recurring 

awareness of the truthful information, to compile alternatives, while maintaining the 

consistency of the lie, to monitor personal behavior and the reaction of the audience to the 

deception (Vrij, 2000; Gombos, 2006). These actions rely on many cognitive mechanisms, 

such as: inhibition, working memory, and cognitive flexibility. In the literature, these 

mechanisms have been generally covered under the umbrella term of executive processes or 

executive functions (EFs).  

The Activation-Decision-Construction Model (ADCM, Walczyk et al, 2003) claims 

that following a question, relevant information (in particular, the truth) is automatically 

activated in long-term memory. This information is then made consciously available in 

working memory. In order to respond to a question deceptively, cognitive resources are 

required to monitor and organize the deceptive response. Similarly, the Working Model of 

Deception (WMD, Vendemia et al, 2009) highlights the role of executive processes in 

responding to a question deceptively. 

 

1.2. Thesis overview 

Considering the possible scientific gains of an individual differences approach in 

executive functions and their relation to concealing information, the present thesis will follow 

this line of research. Given that deception is a complex cognitive act, such different 

mechanisms are likely to interact with each other. The theoretical positions which 

convincingly argue for the involvement of executive functions in deceptive behavior need to 

be empirically tested. Thus the first major aim of the current thesis is to investigate the 

relation between individual differences in executive functioning and deceptive behavior. 

Second, we wanted to provide further validation of the RT-based CIT by sequencing and 

examining its outcomes, both in terms of dynamics deceptive responses and the residual costs 

incurred by stimuli on the immediately following responses. Third, we engaged in the pursuit 

to enhance the detection efficiency of the CIT by increasing executive load. Finally, we 

explored whether the introduction of emotional stimuli in the CIT would have a differential 

impact on responses to crime-relevant versus irrelevant items.  
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Chapter 2 

SEQUENCING THE RT-BASED CIT: CONTRIBUTIONS FROM INDIVIDUAL 

DIFFERENCES IN WORKING MEMORY AND PROCESSING SPEED 

 

2.1. Introduction 

Despite the extensive body of research intended to elicit reliable cues of deception 

(DePaulo et al., 2003; Vrij, 2008), only a few studies have so far investigated the temporal 

dynamics of deceptive communication (Burgoon & Qin, 2006). By adding a temporal 

dimension to the designs commonly used in deception research, a deeper understanding of the 

cognitive dynamics of deceptive behavior can be reached. For example, past research 

targeting verbal deception indicators found inconsistent patterns, possibly due to failure to 

consider the dynamic nature of interpersonal deception (Burgoon & Qin, 2006). In a study 

focusing on verbal and nonverbal indicators of deception, Granhag and Stromwall (2002) 

measured the parameters displayed by deceivers and truth tellers across three repeated 

interrogations and found temporal changes in nonverbal behaviors.Across repeated 

interrogations, the liars’ behavior also became increasingly over controlled. Considering this 

dynamic nature of real-life deceptive communication, it has been argued that “if deceptive 

behavior fluctuates rather than remaining stable over the course of an interaction, then much 

of what has been written about verbal or nonverbal indicators of deception may be inaccurate” 

(Burgoon & Qin, 2006, p. 77). A first step, before analyzing the dynamics of the multiple 

parameters involved in realistic deception settings, would be to verify whether such indicators 

(accuracy, speed) also change across time in simpler, more controlled experimental settings. 

This would require a specific focus on the temporal unfolding of successive deceptive versus 

truthful responses, without taking into account the complexities inherent in dyadic 

interactions, which involve a constant modulation of the deceivers' responses according to the 

feedback received from the audience (Burgoon, Buller, Floyd, 1996). 

Bond(2012) suggested that at least two of the basic mechanisms directly and 

specifically relate to the experience of ‘cognitive load’ in deception, a term which became 

popular in this field of research. Specifically, Bond (2012) suggested that working memory 

(WM) and speed of processing are two key mechanisms that would be used when producing 

deceptive communication, and should therefore be examined separately and in interaction. 

Processing speed and working memory have received considerable interest and support as 

underpinnings of cognitively demanding performance outcomes. Furthermore, Kyllonen and 

Christal (1990) argued that individual differences effects on cognitive tasks arise from (a) the 
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type and extent of knowledge (declarative and procedural – e.g. crime-relevant information 

acquired during the mock crime), (b) working memory capacity and (c) the speed with which 

one can execute the processing cycles. Given that deception is a complex cognitive task, such 

mechanisms are most likely to be integrated.  

Basic individual differences in the speed of processing were so far omitted as a 

possible variable related to successful deception in the CIT, although it is well documented 

that the rate at which people process information appears to influence many aspects of 

cognition (Cepeda, Blackwell, and Munakata, 2013).  

 

2.2. The current study 

As noted, little empirical research has examined how initial responses on a task 

requiring subjects to conceal information differ (in terms of speed and accuracy) from later 

responses provided by the same subject. Thus, we wanted to explore the temporal fluctuations 

of responses to crime-relevant versus irrelevant items, in a sequenced RT-CIT.  

Second, we analyzed the possibility of residual costs for the following response 

incurred by responses to probes, compared to truthful responses.  

A final aim of the present study was to investigate the relation between individual 

differences in speed of processing, working memory and deceptive behavior. More 

specifically, we wanted to explore whether individual advantages in these cognitive processes 

would be translated in a lower detection efficiency.  

 

2.3. Method 

2.3.1. Participants and Procedure 

 Participants (N = 96, 80 females; mean age 21.2 ± 3.6 years) were recruited from 

psychology undergraduate courses. Due to a technical failure, data from four participants were 

discarded from the analysis. Participants received the mock crime instructions, memorized the 

critical items (i.e. probes) and executed the assignment. After performing the mock crime, 

they completed a filler task for approximately 15 minutes, and then they were asked to learn 

the target items. Afterwards they were assessed with the RT-based CIT, followed by the speed 

of processing and working memory tasks. 

2.3.2. Mock Crime 

The procedure and all the relevant details of the mock crime were specified in the 

written instructions. Each participant had to access the personal office of a research assistant 

responsible for an upcoming exam. Upon entering the office using a key, he/she had to search 
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for a memory stick on which to copy the exam questions. In order to log into the computer, a 

password had to be used and the participants looked it up in an agendafound on the 

professor’s desk. After they copied the exam questions onto the memory stick, they put it into 

a laptop bag. Participants were instructed to steal another three objects from the desk: a 

mobile phone, a wireless mouse and the agenda. Subjects read the written instructions twice 

and were instructed to memorize the six critical items (i.e. the probes). To increase the realism 

and the pressure of the scenario, they were also instructed to be fast and avoid being caught. 

Moreover, the testing scenario took place in a formal office in the Faculty’s main building, 

during office hours. After completing the mock crime, participants returned to the first room 

and were asked to describe the physical characteristics of each stolen item in order to ensure a 

better encoding. Following the mock crime, a Stop-Signal inhibition Task (Logan, 1994) was 

used as a filler task, lasting for about 15 minutes. This data was not further analyzed. 

2.3.3. Reaction Time-based Concealed Information Test 

Following the filler task, each participant received written instructions to learn six 

items (i.e. targets items) that were from the same category with the probes. Each of the six 

targets was presented on a computer screen for 10 seconds and the sequence was repeated 

three times. Participants had to memorize the physical characteristics of each item in order to 

reproduce them later. To ensure a good retention of the target items, a verbal recall was 

performed. Subsequently, each participant received written instructions explaining that they 

were suspects of a theft and that they will undergo a behavioral test designed to assess their 

involvement in the crime. The items used in the CIT procedures were pictures belonging to 

three categories of items: probes (the six critical items stolen in the mock crime - the key, the 

laptop bag, the mobile phone, the wireless mouse, the agenda, and the memory stick), targets 

(six previously learnt items from the same category as the probes) and irrelevants (four items 

from the same category as each probe, resulting in a total of 24 items not previously 

encountered during the experiment).Subjects were instructed to respond “Yes” to targets and 

“No” to any other item (including probe items) by pressing the corresponding keys with their 

index fingers (two keyboard buttons were indicated for positive and negative answers). 

Answers had to be given as quickly as possible. There were three blocks, consisting of 72 

trials per block (12 probes, 12 targets, 48 irrelevants). Items were presented in a randomized 

order.  

In addition, the processing speed was assessed with theSimple Reaction Time (SRT) 

task, following the procedure used by Albinet et al. (2012). Working memory measures 
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included an adapted Item recognition task(Steinberg, 1966) and Letter-number sequencing 

(LNS) task(Gold et al., 1997).  

 

2.4. Results 

We first analyzed the RT data, as this is considered the main output from the RT-

based CIT (Verschuere & de Houwer, 2011). A two-way repeated-measures ANOVA with 

Condition (Block 1 vs. Block 2, and Block 3) and Stimulus type (probes vs. irrelevants) as 

within-subject factors was conducted for the mean RT data. The results showed that there was 

a significant effect of Condition, F(2, 182) = 60.01, p < .01, MSE = 2870.85, ηp
2 = .39. 

Posthoc pairwise comparisons (with Fisher's least significant difference - LSD) indicated that 

subjects were significantly slower on the first block than on both of the following blocks, p < 

.001. Also, reaction times were slower on the third block compared to the second one, p < 

.001. There was a significant main effect of Stimulus type, F(1, 91) = 384.36, p < .001, MSE 

= 2487.68, ηp
2 = .80. Across conditions, subjects were faster in responding to irrelevants than 

to probes, p < .001.  

To investigate the magnitude of the difference between RTs for irrelevants and probes 

across conditions, a detection efficiencyscore (difference between mean RTs for probes minus 

mean RTs for irrelevants) was computed for each block. A higher value of this difference 

indicates higher detection efficiency. A one-way repeated-measures ANOVA with Condition 

(Block 1 vs. Block 2, and Block 3) was conducted for the mean RT. There were no significant 

differences between blocks regarding the detection efficiency score, F(2,182) = 1.42; p = .24, 

indicating that the differences between probes and irrelevants remain relatively stable over the 

three blocks. Additional analyses regarding performance accuracy according to stimulus type 

were also conducted.A two-way repeated-measures ANOVA with Condition (Block 1 vs. 

Block 2, and Block 3) and Stimulus type (probes vs. irrelevants) as within-subject factors was 

conducted for the mean accuracy data. The results indicated that there was a significant effect 

of Condition, F(2, 182) = 10.85, p < .01, MSE = .02, ηp
2 = .10. Posthoc pairwise comparisons 

(LSD) indicated that subjects were more accurate on the third block than on both of the first 

blocks, p < 0.01. However, there were no significant differences between the first and the 

second block (p = .21). There was a significant main effect of Stimulus type, F(1, 91) = 68.14, 

p < .001, MSE = .03, partial ηp
2 = .42. Across conditions, subjects were more accurate in 

responding to irrelevants than to probes, p < .001.  

To assess the priming effect of the CIT stimuli, we removed the first response for 

every participant, since it was not preceded by any other response. Then, a univariate two-way 
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ANOVA with Condition (Preceded by Probe vs. Preceded by Irrelevant and Preceded by 

Target) and Stimulus type (probes vs. irrelevants) was conducted for the mean RT across all 

trials. The results showed that there was a significant effect of Condition, F(2, 16102) = 

79.99, p < .001, MSE = 17656.71, ηp
2 = .01. Posthoc comparisons (LSD) indicated that 

participants were faster to the CIT stimuli which were preceded by an irrelevant item vs. the 

conditions in which the stimuli were preceded by probes or by targets (p < .001). As expected, 

there was a significant effect of Stimulus type, F(1, 16102) = 627.77, p < .001, MSE = 

17656.71, partial ηp
2 = .03. Subjects were faster in responding to irrelevants than to probes, p 

< .001.  

Following the procedure proposed by Carmel et al. (2003), we computed our signal 

detection parameters comparing the guilty group with a simulated innocent group consisting 

of 92 participants. We found a d of 2.18 andan area under the curve(a) of 0.93. 

Bootstrapping of the CIT reaction times resulted in a hit rate of 91%, i.e., for 84 out of 

92 participants concealed information was detectable through their slower responses on probe 

stimuli. 

To test the relation between speed of processing and CIT’s outcomes, as well as the 

relation between verbal working memory and the CIT’s outcomes, Pearson correlations were 

computed. Our previous results showed that RTs are more accurate in detecting concealed 

information than accuracy. Thus, for the Pearson correlations, we used two RT outcomes of 

CIT: a detection efficiency (difference between mean RTs for probes minus mean RTs for 

irrelevants) and the mean RT for deceptive responses to probes. To explore the predictive 

power of the speed of processing and WM variables, a two stage hierarchical multiple 

regression was conducted with detection efficiency as the dependent variable. Prior to 

conducting a hierarchical multiple regression, data were screened and all the relevant 

assumptions of this statistical analysis were tested and met. Mean reaction time from the SRT 

task was introduced at Step one of the regression to assess the predictive value of the speed of 

processing. The WM variables (Item recognition task RT and Letter-number sequencing 

(LNS) task score) were entered at Step two. The hierarchical multiple regression revealed that 

at Step one, the processing speed measured by the SRT task contributed significantly to the 

regression model, F (1,90) = 6.06, p< .05, and accounted for approximately 6% (adjusted R2 

=.05) of the variation in detection efficiency. Introducing the WM variables explained an 

additional 8% of variation in detection efficiency and this change in R² was significant, F 

(2,88) = 4.5, p < .01. All the independent variables included in stage two of the regression 

model were significant predictors of detection efficiency, p < .05. Together the three 
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independent variables accounted for approximately 15%  (adjusted R2 =.12) of the variance in 

detection efficiency, F (3,88) = 5.20, p < .01. 

 

2.5. Discussion 

Firstly, detection efficiency was assessed for the RT-based CIT. Consistent with 

previous studies, we demonstrated that reaction times in the CIT alone could most effectively 

detect concealed information. Bootstrapping of the CIT reaction times indicated that 84 out of 

92 guilty participants were correctly detected through their slower responses on probe stimuli. 

Signal detection parameters also showed adequate overall CIT accuracy. These results support 

the validity of the RT-based test for concealed information detection.  

The key finding of this study is that we were able to establish whether the RT-based 

CIT could offer stable detection over time. Intra-group comparisons between blocks of the 

CIT revealed practice effects, translated in an increase in the speed and accuracy of responses 

over time. Furthermore, our analysis revealed that responses preceded by irrelevants were 

faster than those preceded by probes or targets. It is most likely that some memory processes 

common to the recognition of both probes and targets, but not to irrelevants (e.g. familiarity 

and recollection, Seymour et al., 2000) are likely to explain the residual costs for the 

immediately following responses. 

As expected, fast processing speed was associated with a smaller difference between 

responses to probes and to irrelevants. High performance in the speed of working memory 

was also associated with lower detection efficiency.Slower processing limits the amount of 

information that will simultaneously be available for processing, limiting the number of 

associations that can be created or accessed during retrieval. Therefore, it is conceivable that 

high processing speed and fast performance in working memory may actually allow more 

information to be processed in the CIT, which can lead to a decreased conflict between critical 

and irrelevant information. Stimulus-response conflict is likely to contribute to the differential 

responding to concealed information (Verschuere et al., 2005).Moreover, our findings show 

subjects with better WM capacity are actually harder to detect. The present study provides a 

valuable contribution to the ongoing pursuit of identifying tools sensitive enough to reliably 

detect concealed information.  

 

 

 

 



10 
 

Chapter 3 

INCREASING EXECUTIVE LOAD TO FACILITATE DECEPTION DETECTION IN 

THE CONCEALED INFORMATION TEST 

 

3.1. Introduction 

There is a growing body of behavioral, psychophysiological and neuroimaging 

evidence revealing that lying is a complex, cognitively demanding behavior. Most of this 

evidence reflects an overall increase in executive control demands imposed by lying, as 

compared to truth-telling. Truth-telling is considered a baseline, almost automatic cognitive 

state (Spence, 2004). To support this claim, lying has been proven to take longer than truth-

telling (Spence et al., 2001), necessitating greater cognitive effort (see Vrij et al., 2011, for a 

recent review).Inducing an overall increase in cognitive/executive load, such as by asking 

participants to narrate their deceptive stories backwards has been shown to interfere with 

lying, facilitating the process of lie detection by enhancing verbal and non-verbal cues to 

deception (Vrij et al., 2008). However, the backwards recall technique has been questioned 

with regard to the accuracy and completeness of the retrieved information (Dando et al., 

2011), suggesting that a global interference with deceptive and memory processes might 

induce some unwanted collateral effects. 

Vrij et al., (2006) suggested that requiring interviewees to perform a concurrent 

secondary task while being interviewed might provide a useful tool to enhance lie detection. 

There have been some preliminary experimental attempts to add a parallel task aimed at 

disrupting the executive functions involved in the deceptive act, yielding mixed evidence in 

terms of effects on deception. In a recent investigation, Ambach et al., (2011) introduced a 

working memory (WM) task in parallel with a Concealed InformationTest. This manipulation 

affected RTs to critical items to a larger extent when compared to irrelevants. Considering the 

limitations induced by the very long RTs specific to the psychophysiological measurement 

design, the authors suggested that a faster pace of the task (asking the subjects to respond 

within a second) would enhance this preliminary documented effect. This idea was recently 

tested by introducing an interfering inhibition (dot-probe) task within each trial of the 

Reaction Time-based (RT-based) CIT, which led to an increase in its detection efficiency (Hu, 

Evans, Wu, Lee, & Fu, 2013).  The present study aimed at further testing this prediction, 

using the RT-based CIT at a faster pace, and interfering with two different executive functions 

shown to be involved in the deceptive act (WM updating and shifting).  
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 The main aim of the present study was to systematically investigate whether 

introducing a concurrent executive load targeting the very CIT items, rather than a parallel 

interfering task, would better differentiate between truthful and deceptive responses in the 

RT-based CIT. The current investigation used an interference design, introducing tasks 

involving two executive functions evidenced to be relevant for the deceptive act: memory 

updating and flexible set-shifting (Morgan et al., 2009; Visu-Petra et al. 2012). In order to 

efficiently plan and execute a deceptive act, a person needs to continuously monitor and 

update memory contents in order to distinguish truthful from deceptive responses, and to 

flexibly alternate between these mental sets in producing the deceptive response (Walczyk et 

al., 2003). 

 

3.2. Materials and Methods 

3.2.1. Participants 

Participants (N = 75, 62 females) were recruited from general psychology classes by 

using an online recruitment system and received credit for their participation. A remaining 

total of 73 participants (62 females) were included in the data analyses. All participants 

completed a series of tasks as follows: they read the instructions for the mock crime, they 

executed the mock crime, then completed a filler task; afterwards, they studied and learned 

the target items and finally resolved the three CIT conditions (the order of presentation was 

counterbalanced across subjects). 

 

3.2.2. Materials 

CIT items were two-word phrases: five probes, five targets and twenty irrelevants 

(four corresponding to each probe), similar to items used in previous studies (e.g Farwell & 

Donchin, 1991; Seymour et al., 2000) 

3.2.3 Mock crime 

The participants were initially required to read and sign the informed consent form. 

Afterwards, the mock crime scenario was presented. Written instructions were used at this 

time, according to which they had to pretend to be a student of Psychology who was about to 

take a previously failed exam at an important course in the following day. Because of some 

personal issues, he/she had been unable to study. However, in the previous day, the student 

had presumably visited the professor's office for a meeting. There he/she noticed a paper on 

the desk and saw the login Id (Psiho MCC) and password (patru verde / four green) for the 

discipline’s e-mail account which is hosted on the faculty’s official web site. With this 
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information, he/she was instructed to access the course e-mail account from a café (Café 

Amber) placed in certain street (Bicaz Street; all locations were chosen from another city in 

order to avoid previous exposure). After accessing the account (which was created to be 

identical to a real course application on the actual faculty website), the participant had to 

search the Inbox for the e-mail with the exam subjects that the professor had sent to the course 

tutor (Amalia Ciuca; the name of the actual tutor was used, with her and the professor’s 

consent) for multiplying exam papers. The participant had to forward this message with the 

attachment to their personal e-mail account. Subjects read these written instructions twice and 

memorized (emphasized) the five critical items (i.e. the probes). Afterwards, they were asked 

to go into a distant room of the same building (designated as Café Amber) and perform the 

actions from the scenario (access the e-mail account with the username and password, forward 

the e-mail). Following the mock crime, a non-verbal reasoning test taken was used as a filler 

task. In the target learning phase, the participants learned a sequence of five items similar to 

the probes.  

3.2.4. RT-based CIT 

After the mock crime and the target learning phase, the participants undertook the 

three CIT procedures designed for this study: a classical RT-based CIT, a CIT with a 

concurrent memory task (CITMem), and a CIT with a concurrent shifting task (CITShift).  

The items utilized in this study were two-word phrases belonging to three categories 

of items: probes (the five critical items from the mock crime), targets (five to be recognized 

items, also from the same category as the probes) and irrelevants (items from the same 

category as the probes, not previously encountered). The participants were instructed to press 

Yes when presented with the targets, indicating recognition, and No to any other item 

encountered.For the CITMem, a randomized list was generated and kept constant across 

subjects, to allow for verbal recall accuracy to be checked by the experimenter with a 

response key. In the CITShift condition, the primary task remained the same, but the stimuli 

themselves appeared written in bold or in italics. Subjects had to press the answers to the CIT 

once if the item was written with bold and twice if the item was written with italics. Stimuli 

were presented equally often in bold or italics. The assignment of number of presses to the 

respective fonts was also counterbalanced across subjects. In the CITMem condition, the task 

was spaced in sequences consisting in groups of three items, with items randomly divided 

over sequences. The subject again had to press Yes or No to each item according to CIT 

instructions, but additionally he/she had to memorize the last word of each two-word item. 

After each three items sequence, a blank screen appeared. The subject had to verbally 
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reproduce the three words he/she had memorized. After this, the participant pressed the space 

bar in order to initiate the next three items sequence. The experimenter verified the accuracy 

of verbal answers with an answer-key. A total of 40 memory checks were performed.  

For each condition, accuracy and RT (for accurate responses) on the CIT according to 

stimulus type represented the main collected measures. On the CITMem, an additional index 

of memory for each stimulus type across trials, and also for mixed groups of three was added. 

For each group of three items, we checked whether they recalled the last word for irrelevants, 

probes or target items, and whether the group of three items was also correctly recalled. For 

the CITShift, accuracy in pressing once/twice the answer according to stimulus font was 

calculated; however, an inaccurate shift was not considered to be an error on the CIT (e.g. if 

the subject pressed once the answer No when presented with a probe it was scored as a 

shifting error, if the task was to press twice, but it was not scored as a CIT error). However, in 

the analysis of RTs, only time until first press was recorded and analyzed (for correct CIT 

responses). 

 

3.3. Results 

A two-way repeated-measures ANOVA with Condition (CIT vs. CITMem, and 

CITShift) and Stimulus type (probe vs. irrelevant) as within-subject factors was conducted for 

the mean RT data. The results showed that there was a significant effect of Condition, F(2, 

144) = 341.91, p < .001, MSE = 9600.04, partial η2 = .83. Post-hoc pairwise comparisons 

(with a Bonferroni correction) indicated that subjects were significantly faster on the 

traditional CIT than on both the CITMem, and the CITShift, p < .001. They were also 

significantly faster on the CITMem than on the CITShift.There was a significant main effect 

of Stimulus type, F(1, 72) = 288.63, p < .001, MSE = 1958.06, partial η2 = .80. Across 

conditions, subjects were faster in responding to irrelevants than to probes, p < .001.Finally, 

there was a significant Condition X Stimulus type interaction, F(2, 144) = 12.5, p < .001, 

MSE = 678.88, partial η2 = .15. There was a significant increase across tasks in RTs to both 

irrelevants, and probes, respectively, with the fastest responses on the CIT, followed by 

responses on the CITMem, and by longest responses on the CITShift, p < .001 in each case. 

To investigate the magnitude of the difference between RTs for irrelevants and probes across 

conditions, detection efficiencyscores (difference between mean RTs for probes minus mean 

RTs for irrelevants) were calculated for each condition. Post-hoc paired t-tests revealed that 

RT differences were smaller in the CIT than in the CITMem, t(72) = 2.12 , p = .04, and in the 
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CITShift, t(72) = 5.23, p < .001. Additionally, difference scores were significantly larger in 

the CITShift compared to the CITMem, t(72) = 2.80, p < .007. 

Although we included only guilty participants in our study, the distribution of the 

detection score for innocent individuals can be estimated. Our signal detection parameters 

were based on a comparison with a simulated innocent group consisting of 73 participants. 

After we computed the distance (in standard deviation units) between the centers of the two 

distributions (d'), we derived the area under the receiver operating characteristic – ROC.We 

found thatd' values for the CIT, CITMem and CITShift were 1.54, 1.39 and 1.71, respectively. 

The d' value for the combination of CIT and CITShift was 1.75. The areas under the ROC 

curve (AUC) were .86 for the CIT, .84 for the CITMem, .88 for the CITShift and .89 for the 

combination between CIT & CITShift.  

Bootstrapping of the CIT reaction times resulted in a hit rate of 67%. For the 

CITMem, a hit rate of 64% was computed, while for CIT-Shift, 68% of the participants were 

detected.  

Additional analyses regarding performance accuracy according to stimulus type were 

conducted. First, a two-way repeated-measures ANOVA with Condition (CIT vs. CITMem 

vs. CITShift) and Stimulus type (probe vs. irrelevant) as within-subject factors was 

conducted. The results showed that there was a significant effect of Condition, F(2, 144) = 

31.30, p < .001, MSE = .03, partial η2 = .30. Post-hoc pairwise comparisons (with a 

Bonferroni correction) indicated that subjects were significantly less accurate on both the CIT 

and the CITShift than on the CITMem (although accuracy on the CIT and on the CITShift did 

not differ). There was also a significant main effect of Stimulus type, F(1, 72) = 80.86, p < 

.001, MSE = .01, partial η2 = .53. Across conditions, accuracy in responses to irrelevants was 

higher than accuracy in responses to probes, p < .001. Finally, there was a significant 

Condition X Stimulus type interaction, F(2, 144) = 23.59, p < .001, MSE = .01, partial η2 = 

.25. Accuracy in response to irrelevants differed across tasks, F(2, 144) = 10.65, p < .001, 

MSE = .01, partial η2 = .13, with responses on the CITMem being more accurate than on both 

CIT and CITShift, p < .05. Accuracy in response to probes also significantly differed across 

tasks, F(2, 144) = 33.67, p < .001, MSE = .03, partial η2 = .32. Again, post-hoc contrasts 

revealed that accuracy to probes on the CIT and CITShift was significantly lower than 

accuracy to probes on the CITMem, p < .05. To investigate the magnitude of the difference 

between accuracy for irrelevants and probes across conditions, difference scores (accuracy for 

irrelevant minus accuracy for probes) were calculated for each condition. Post-hoc paired t-

tests revealed that the difference between irrelevants and probes was larger on the CITShift, 
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compared to both CIT, t(72) = 2.37, p < .02, and to CITMem, t(72) = 6.58 , p < .001, 

respectively. This difference was also larger in the CIT, compared to the CITMem, t(72) = 

4.93, p < .001.). Results showed that accuracy for recalling groups of three on the concurrent 

memory task was high, mean percent correct = 93.37, SD = 5.62. Comparing memory for 

probes versus irrelevants, we found that subjects were significantly more accurate in recalling 

the last word of the probes, than of the irrelevants, t(72) = 7.85, p < .001. Overall accuracy in 

shifting between responses to stimuli written in bold or italics was also high, mean percent 

correct = 87.24, SD = 11.06. This time, accuracy in shifting responses to probes was lower 

than accuracy in shifting responses to irrelevants, t(72) = 6.88, p < .001.   

 

3. 4. Discussion 

By contrasting general detection efficiency between the three conditions, we found the 

following. According to the group analyses, both dual-task conditions were superior in 

discriminating between truthful and deceptive responses. Signal detection parameters based 

on a comparison with the simulated innocent group showed accurate discrimination for all 

conditions, but did not reveal the same advantage of the dual-task conditions over the 

traditional RT-based CIT. This apparent inconsistency is not simply a byproduct of the overall 

slower responses found in the dual tasks, as revealed by our analyses on standardized data. 

The most plausible explanation is that some participants in the CITShift condition might have 

presented extremely large probe-irrelevant differences, which were responsible for the group 

effect. The computed hit rates for all conditions were slightly higher than those previously 

found in other RT-based CIT studies (e.g., hit rate of 56%, Verschuere et al., 2009). However, 

the hit rates computed in our study were still modest (as compared to 95% discrimination 

accuracy found by Seymour et al., 2000, although different estimating methods were used in 

that study). Looking at combinations between CIT versions, a combined measure including 

both CIT and CIT-Shift showed the highest discrimination efficiency. In terms of accuracy, 

the demand to flexibly shift between types of responses generated the largest discrepancy 

between probes and irrelevants, while the additional memory load led to ceiling levels of 

performance accuracy on the CIT (98% for both probes and irrelevants). Performance 

accuracy on the concurrent tasks was affected by the type of trial (truthful or deceptive), 

revealing that these tasks could themselves provide valuable clues for deception detection.  
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Chapter 4 

THE “GOOD COP, BAD COP” EFFECT IN DECEPTION DETECTION. 

INTRODUCING FACIAL EMOTIONAL STIMULI IN THE RT-BASED CIT 

 

4.1.Introduction 

The quest for identifying objective indicators of deceptive behavior represents a 

flourishing field of scientific inquiry. Although behavioral cues to deception represent an 

obvious candidate for deception detection, the traditional approach has largely overlooked the 

cognitive processes involved in producing and executing deceptive behaviors. 

A growing body of literature investigating the cognitive underpinnings of deceptive 

behavior suggests that it requires greater cognitive effort compared to truthful responses 

(Zuckerman et al., 1981; Vrij et al., 2006), with the truth being considered an automatic, 

default-like state of the cognitive system (Spence, 2004). When deceiving, one has to 

coordinate several cognitive demanding tasks: to select a response that is incompatible with 

the truth, to suppress a recurring awareness of the truthful information, to compile 

alternatives, while maintaining the consistency of the lie, to monitor personal behavior and the 

reaction of the audience to the deception (Vrij, 2000; cf. Gombos, 2006).Based on the 

findings of previous studies, we decided to further explore the relationship between deception 

and working memory updating, since all the approaches mentioned above pointed to its 

specific involvement in deceptive behavior.  

Most of the CIT research usually relies on testing subjects in an environment lacking 

of social stimuli, despite the fact that concealing information is mostly a social action that 

amplifies the emotional involvement and consequences for the deceptive agent. Ambach et al. 

(2012) addressed this gap and provided arguments for introducing social stimuli into the CIT. 

In real life, most interrogations take place in an environment that is saturated with social 

stimuli. The mere presence of an investigator triggers various physiological and behavioral 

responses, not to mention the role played by the ongoing feedback provided by such an 

individual in response to deceptive responses. It has been suggested that introducing the 

presence of the investigator in the CIT would lead to an increased involvement and enhanced 

arousal (Ambach et al., 2012). Results of the study confirmed that social stimuli seem to play 

an important role in the CIT, beyond the mere presentation of items about which knowledge 

has to be concealed. A uniform male face presentation with every question and item in a CIT 

enhanced differential physiological and behavioral responding to critical items compared to 

responses to irrelevants. While the CIT has been considered relatively invulnerable to the 
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effects of the stress experienced by the examinee (see the recent review by Ben-Shakhar, 

2012), other variables such as motivation to avoid detection have been shown to influence 

responses, leading to an increased CIT effect (Ben-Shakhar & Elaad, 2003). 

While there is some speculation in the literature that a friendly attitude of the 

investigator makes the subject more willing to divulge important or sensitive information 

(Inbau, Reid, Buckley, & Jane, 2013), to our knowledge, there is no research to test this 

prediction directly, either in a realistic interview, or in the controlled CIT context. On the 

contrary, displaying a negative emotional expression such as anger has been deemed to 

suggest either indiscriminate hostility or even to convey a presumption of guilt, associated 

with the so-called “investigator bias” which usually accompanies the “heavy-handed” tactics 

used by law enforcement professionals (Meissner & Kassin, 2002).  

 

4.2.The current study 

Several research questions were addressed through this design. First, we were 

interested whether the simple introduction of a social stimulus simulating a virtual 

investigator would facilitate the process of deception detection. 

Next, we wanted to explore whether the introduction of facial emotional displays of 

the virtual investigator (happy, angry or neutral) would have a differential impact on the 

responses to crime-relevant versus irrelevant items. 

Finally, we were interested in the modulating effect played by individual differences in 

executive functions and trait-like predispositions to experience symptoms of depression, 

anxiety, stress, as well as in the effects of state anxiety during the CIT. 

 

4.3. Method 

4.3.1. Participants 

Participants (N = 47, 11 males and 36 females; mean age 22.8 ± 5.1 years) were 

recruited from psychology undergraduate courses and received credit for their participation. 

All participants executed the mock crime procedure, followed by the RT-based CIT (four 

conditions) and the n-back (four conditions). Throughout the procedure, participants had to 

fill out four questionnaires, which are described below. Due to a technical failure, data from 

one participant were discarded from the analysis. Participants were debriefed at the end of the 

study and were informed about the nature of the experiment. This study was approved by the 

ethics committee of the Faculty of Psychology and Educational Sciences, Babes-Bolyai 

University, according to the University’s board regulations, the national College of 
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Psychologists and international guidelines from the Declaration of Helsinki (1964) for 

research involving human subjects.  

4.3.2.Procedure 

Upon arrival, all participants signed a consent form indicating the participation was 

voluntary and that they could withdraw at any time. Then they received and read the mock 

crime instructions, memorized the critical items (i.e. probes) and executed the assignment. 

After executing the mock crime, they completed a filler task consisting in two questionnaires 

(measuring state anxiety and executive functions) and lasting for approximately 15 minutes. 

Subsequently, participants learned the target items. Afterwards they were assessed with the 

four conditions of the RT-based CIT (one classical and three EM-RT-based CIT). Participants 

then completed the composite measure of depression, anxiety and stress. Finally, participants 

were tested with the Emotional n-back task (EM n-back, one without a facial background and 

three with facial backgrounds) and they filled out the trait anxiety questionnaire (see 

description below). 

4.3.2.1. Mock Crime  

Participants received written instructions about the mock crime procedure, so that all 

the relevant details were specified in advance. Each participant had to access the personal 

office of a university research assistant responsible for an upcoming exam. Upon entering the 

office, he/she had to search for a memory stick on which to copy the exam questions. In order 

to log into the computer, a password had to be used and the participants looked it up in an 

agendafound on the professor’s desk. After they copied the exam questions on the memory 

stick, they put it into a laptop bag. Participants were instructed to steal another three objects 

from the desk: a mobile phone, a wireless mouse and the agenda. Subjects read the written 

instructions twice and were instructed to memorize the five critical items (i.e. the probes). To 

increase the realism and the pressure of the scenario, they were also instructed to be fast and 

avoid being caught. Moreover, the testing scenario took place in a formal office, during 

program hours. After completing the mock crime, participants returned to the original room 

and were asked to verbally describe the physical characteristics of each stolen item in order to 

ensure a better encoding.  

Two questionnaires had to be filled out: STAI-Y1 (State Anxiety Inventory, developed 

by Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) to assess the state anxiety levels 

related to the mock crime scenario and the BRIEF (Behavior Rating Inventory of Executive 

Function, developed by Gioia, Isquith, Guy and Kenworthy, 2000, see description below).  

4.3.2.2. Reaction Time-based Concealed Information Test 
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Following this filler task, each participant received written instructions to learn five 

items (i.e. targets items) that were from the same category as the probes. Each of the five 

targets was presented on a computer screen for 10 seconds and the sequence was repeated 

three times. The instructions specified that participants had to memorize the physical 

characteristics of each item in order to reproduce them all later. To ensure a good retention of 

the target items, a verbal recall was performed.Subsequently, each participant received 

another set of written instructions explaining that they were suspects of a theft and that they 

will undergo a behavioral test designed to assess their involvement in the crime. Also, they 

were informed that they will be assessed by a virtual investigator (similar to Ambach et al., 

2012). After completing the mock crime and the target learning phase, the participants 

undertook four CIT conditions designed for this study: a classical RT-CIT condition 

consisting in one block, and three Emotional RT-CIT conditions Em-RT-CIT, negative, 

positive and neutral). The order of presentation of these procedures was drawn randomly for 

each participant. The items used in all of the CIT procedures were pictures belonging to three 

categories of items: probes (the five critical items stolen in the mock crime), targets (five 

previously learnt items from the same category as the probes) and irrelevants (four items from 

the same category as each probe, resulting in a total of 20 items not previously encountered 

during the experiment). Subjects were instructed to respond “Yes” to targets and “No” to any 

other item (including probe items) by pressing the corresponding keys with their index fingers 

(two keyboard buttons were indicated for positive and negative answers). Answers had to be 

given as quickly as possible. The item remained on the screen until a response was made; if 

an answer was not offered within a 1200-millisecond interval, a ‘too slow’ message appeared 

on the screen. After a short training phase, the test began. A condensed version of the 

instructions was displayed on the computer screen at the beginning of the testing session. 

Each of the four blocks included two presentations of each item, generating a total of 60 trials 

per block. Items were presented in a randomized order.  

The RT-CIT condition contained one block similar to previous versions of the test 

using visual stimuli (e.g. Hu, Evans, Lee, & Fu, 2013; Visu-Petra, Miclea, & Visu-Petra, 

2011). In thethreeEm-RT-CIT conditions, a photo of a “virtual investigator” appeared on the 

screen before the presentation of each item. On the same slide the question was shown: “Do 

you recognize this item?”. The slide’s duration was either 500 ms or 2000 ms (randomly) and 

no action was required to be performed by the participant. For this condition, an image of a 

middle-aged man was used from the FACES 3.3.1. database (Ebner, Riediger & 

Lindenberger, 2010). Within each block (positive, negative, or neutral), the facial expression 
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of the investigator was happy, angry, and neutral, respectively. After completing the four CIT 

conditions (presented in a randomized order), participants took a short break. Then, the DASS 

Questionaire (Lovibond, S.H. & Lovibond, P.F., 1995) was administered.  

4.2.2.3. Emotional n-back 

The EM-n-back task consisted of superimposing the original n-back task onto one of 

four backgrounds: no background (blank screen), negative background, neutral background 

or, positive background (Casey et al., 2000; Ladouceur et al, 2005). However, following the 

suggestion of Casey et al., 2000, who specified that in order to control for the different 

complexity of the pictures used as backgrounds, it would be preferable to include faces rather 

than natural scenes as backgrounds, we reverted to the use of facial expressions onto which 

the n-back items were superimposed. This also allowed us to better compare performance 

(accuracy, RT) on the EM-n-back blocks to the emotionally valenced blocks used in the Em-

RT-CIT conditions which also involved facial expressions. 

Participants received verbal and on-screen instructions which described that they were 

going to see a series of letters presented one at a time, over a background consisting of facial 

pictures or over a blank screen (depending on the condition). The photos depicting facial 

expressions were selected from the same FACES 3.3.1. database (Ebner, Riediger & 

Lindenberger, 2010), but excluded the identity of the “virtual investigator” presented in the 

Em-RT-CIT. The same emotional valence was maintained during each condition (i.e., angry, 

happy or neutral), except for the no-background condition. There were eight blocked 

conditions comprising two memory-load conditions (i.e., 0-back and 2-back) by four 

background conditions (none, negative, neutral, positive). The blocked conditions included 20 

trials each, for a total of 160 trials. For the 0-back condition, participants were asked to press 

a button when presented with a specific letter (e.g., X). In the 2-back condition, the target was 

any letter that was identical to the one presented two trials back. An example for the 

instructions (e.g., A-F-A) was provided on the computer screen. After a short training phase, 

the test began. Each trial consisted of the simultaneous presentation of a letter and a blank 

screen or facial stimulus. Letters and corresponding backgrounds appeared for 500 ms and 

then disappeared, leaving only the picture or blank screen visible for another 2500 ms. Trials 

were randomized within each block; faces stimuli were randomized within each background 

condition and letters were randomized across trials.  

In the current study we used the Behavior Rating Inventory of Executive Function—

Adult version (BRIEF-A, Roth, Isquith, & Gioia, 2005), the Depression Anxiety Stress Scales 
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(DASS, Lovibond & Lovibond, 1995) andthe State-Trait Anxiety Inventory (STAI, 

Spielberger et al., 1983). 

 

4.4. Results 

We first analyzed the RT data, as this is considered the main output from the RT-

based CIT (Verschuere & de Houwer, 2011). A preliminary analysis with presentation 

duration of the “virtual investigator” face (500 vs. 2000 ms) revealed non-significant 

differences between subsequent responses to CIT items across the four conditions, so this 

variable was omitted from the final analysis.A two-way repeated-measures ANOVA with 

Condition (RT-CIT vs. Neg RT-CIT, Neu RT-CIT, and Pos RT-CIT) and Stimulus type 

(probes vs. irrelevants) as within-subject factors was conducted for the mean RT data. The 

results showed that there was a significant effect of Condition, F(3, 135) = 4.49, p < 0.01, 

MSE = 5836.5, ηp
2 = .091. Posthoc pairwise comparisons (LSD) indicated that subjects were 

significantly faster on the traditional RT-CIT than on both Neu RT-CIT andPos RT-CIT, p < 

0.01. Also, reaction times were lower on Neg RT-CIT than on Pos RT-CIT, p < .05. No 

significant differences were found between Neg RT-CIT and RT-CIT (p = .26) or Neu RT-

CIT (p = .09).There was a significant main effect of Stimulus type, F(1, 45) = 171.03, p < 

.001, MSE = 3885.5, ηp
2 = .079. Across conditions, subjects were faster in responding to 

irrelevants than to probes, p < .001.  

A one-way repeated-measures ANOVA with Condition (RT-CIT vs. Neg RT-CIT, 

Neu RT-CIT, and Pos RT-CIT) was computed for the detection efficiency score. There was a 

significant effect of Condition, F(3, 135) = 2.88, p < .05, MSE = 2367.59, ηp
2 = .06. Posthoc 

pairwise comparisons (with Fisher's least significant difference - LSD) indicated that 

detection efficiency was higher in the Pos RT-CIT condition than in the Neg RT-CIT one, p < 

.01. Detection efficiency was also higher in the Pos RT-CIT compared to the RT-CIT, p < .03, 

and in the Neu RT-CIT compared to the Neg RT-CIT, p < .04. No significant differences were 

found between RT-CITand Neu RT-CIT (p = .43), nor between RT-CIT and Neg RT-CIT (p = 

.38). 

A two-way repeated-measures ANOVA with Condition (RT-CIT vs. Neg RT-CIT, 

Neu RT-CIT, and Pos RT-CIT) and Stimulus type (probes vs. irrelevants) as within-subject 

factors was conducted for accuracy data. The results showed that there was a significant effect 

of Stimulus type, F(1, 45) = 29.84, p < .001, MSE = .08, ηp
2 = .39, with more errors in 

response to probes compared to irrelevants. There were no significant effects regarding the 
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Condition (F(3, 135) = .61, p = .60) or the interaction between Condition and Stimulus type 

(F(3,135) = 1.11, p = .34). 

Regarding the signal detection parameters, we found that d' values for the RT-CIT, 

Neg RT-CIT, Neu RT-CIT and Pos RT-CIT were 1.66, 1.59, 2.02 and 2.29, respectively. The 

areas under the ROC curve (a) were 0.87 for the RT-CIT, 0.86 for the Neg RT-CIT, 0.91 for 

the Neu RT-CIT and 0.94 for Pos RT-CIT. 

Bootstrapping of the RT-CIT reaction times resulted in a hit rate of 71%. For the Neg 

RT-CIT, a hit rate of 69% was computed, while for Neu RT-CIT, 73% of the participants 

displayed a reaction time for probes that sufficiently deviated from that for irrelevant stimuli 

to be of diagnostic value. The highest hit rate resulted for Pos RT-CIT, 78% of participants 

were detected in this condition. 

A two-way repeated-measures ANOVA with Task (0-back and 2-back) and Condition 

(no background, negative background, neutral background and positive background) as 

within-subject factors was conducted for the mean RT data. The results showed that there was 

a significant effect of Task, F(1, 45) = 163.44, p < .001, MSE = 7889.9, ηp
2 =.78. Subjects 

were faster in responding to the 0-back task, compared to the 2-back task. There was also a 

significant effect of Condition, F(3, 135) = 68.4, p < .001, MSE = 1547.8, ηp
2 = .60. Posthoc 

pairwise comparisons (LSD) indicated that subjects were faster on both tasks on the no 

background condition, than on those with emotional backgrounds (p < .001). No significant 

difference was found between the background conditions. A two-way repeated-measures 

ANOVA with Task (0-back and 2-back) and Condition (no background, negative background, 

neutral background and positive background) for accuracy data indicated a significant effect 

of Task, F(1, 45) = 139.55, p < .001, MSE = .009, ηp
2 = .75. Subjects had better performances 

on 0-back than on 2-back. No significant differences were found between the background 

conditions. For the Task x Condition interaction, there was a significant effect, F(3, 135) = 

3.47, p < .02, MSE = .002, ηp
2 = .07. Posthoc pairwise comparisons indicated that subjects 

had better performances in 0-back on the background conditions than on the blank condition, 

p < .001. However, no significant differences were found between conditions in the 2-back 

task.  

Pearson correlations were computed between performance on the n-back task (mean 

RTs and accuracy scores for 0-back, 2-back) and on the RT-based CIT (mean RTs for 

deceptive responses to probes in CIT, and detection efficiency scores), separately for each of 

their conditions (no emotion, positive, negative and neutral). Regarding the mean RTs, we 

found a significant relation, r (46) = .30, p < .05, between speed of responses to RT-CIT 
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probes and speed of responses on the 0-back, no background condition. Also, mean RTs for 

responses on the standard 2-back (no background condition) were positively related with 

those on RT-CIT probes, r (46) = .30, p < .05. No other significant correlations were found 

between the conditions of WM tasks and those of the CIT. In terms of accuracy, no significant 

relations were found between similar WM and CIT conditions.  

 Regarding the self-report assessment of individual differences in executive functioning 

measured with the BRIEF-A, there were some marginal relations which failed to reach 

significance after the Bonferroni correction for multiple correlations. 

Regarding anxiety measures, the detection efficiency score computed for Neg RT-CIT 

was negatively related with state anxiety (StaiState), r (46) = -.44, p < .01, and also with trait 

anxiety (StaiTrait), r (46) = -.42, p < .01. Post-hoc correlations examining the meaning of this 

association showed that mean RT for deceptive responses to probes (but not to irrelevants) 

from the Neg RT-CIT was related significantly with state anxiety (StaiState), r (46) = -.46, p < 

.01, and with the trait anxiety (StaiTrait), r (46) = -.45, p < .01. Therefore, the association 

between anxiety and speed of deceptive responses seems to be circumscribed to the Neg RT-

CIT and does not affect truthful responses.However, the negative relationship with detection 

efficiency in the Neg RT-CIT did not reach significance in the case of the DASS Anxiety 

subscale r (46) = -.24, p < .10, yet it was present in the case of the DASS Tension/Stress 

subscale r (46) = -.43, p < .01. In addition, mean RT to probes was negatively related with two 

of the DASS’ subscales: DASS Anxiety, r (46) = -.36, p < .05, and DASS Tension/Stress 

subscale, r (46) = -.42, p < .01. No significant relations were found between the other 

conditions of RT-CIT and anxiety or stress measures.  

We conducted a repeated measures ANCOVA with Condition (RT-CIT vs. Neg RT-

CIT, Neu RT-CIT, and Pos RT-CIT) and Stimulus type (probes vs. irrelevants), introducing 

the state anxiety score as a covariate. The results showed that there was a significant effect of 

Condition, F(3, 129) = 2.75, p < 0.05, MSE = 5633.52, ηp
2 = .06. Also, there was a significant 

effect of Stimulus type, F(1,43) = 34.24, p < 0.01, MSE = 3765.63, ηp
2 = .44. There was no 

significant effect for the interaction between Stimulus type and the state anxiety score, F 

(1,43) = 3.21, p = 0.08, nor between Condition and the state anxiety score, F (3, 129) = 2.38, p 

= 0.07. We also checked whether the same relationship between anxiety/depression/stress 

scores would hold true in the case of the n-back task. We only found some positive relations 

between the state anxiety score and latency of responses in the positive (r = .27), negative (r = 

.26) and neutral (r = .33) conditions of the EM-n-back, which did not remain significant after 

the Bonferroni correction. 
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4.5. Discussion 

The present study attempted to simulate interference from social and emotional stimuli 

and to assess its impact in a controlled, laboratory-based deceptive scenario. Despite the 

artificial elements induced by explicitly instructing participants to commit a mock crime and 

to lie about it, the RT-based CIT has proven its efficiency in identifying the “memory traces” 

of concealed information and has the potential to represent a cost-effective method for real-

life deception detection settings (see Verschuere & de Houwer, 2011, for a review). It is 

important, therefore, to introduce social and emotional information in this task and to assess 

to what degree this manipulation impairs/facilitates the process of deception detection.  

First, deceptive performance (accuracy) was similar across all conditions, and only the 

RT measure was sensitive to the effects of emotional valence. Second, in the presence of a 

social stimulus with a neutral emotional valence, although participants took longer to respond, 

this did not differentially affect responses to probes and to irrelevants, and thus it did not 

improve detection efficiency. This essential measure was improved only in the condition 

containing a happy/friendly examiner, in which subjects provided significantly longer 

responses to probes, compared to irrelevant items. In contrast with this tendency, in the 

condition containing an angry/hostile examiner, subjects were actually faster in responding to 

probes compared to all conditions containing facial stimuli, this leading to a decreased 

detection efficiency. Interestingly, this contrasting effect of positive versus negative 

distracting information was not noted when measuring cognitive performance on a task 

requiring memory updating, a process proven to be relevant for the production of deceptive 

behavior. A simple elongation of response times (and the same absence of effects on response 

accuracy) was visible across the conditions of the EM-n-back task, compared to the standard 

version. This could imply that specific motivational factors assigning relevance to the 

emotional distractor could have differentiated between the impact of positive versus negative 

emotional information in the Em-RT-CIT.  

 Emotional valence has been shown to differentially affect speed of responses to 

critical items in a mock-crime derived RT-based CIT, with positive facial expressions from a 

virtual examiner enhancing detection efficiency, compared to a version containing negative 

facial expressions. The study also raises the possibility that individual differences in state 

anxiety and in the amount of stress experienced by deceptive participants could also play a 

motivational role, further interfering with the process of deception detection.  
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Chapter 5 

CONCLUSIONS 

 

5.1. Overview of our findings  

The research on deception is exciting and emotionally engaging. Several detection 

methods have been developed since the beginning of the twentieth century and the study of 

deception has attracted a great deal of interest from both researchers and practitioners and has 

is has become an important area of applied psychology.It is of particular interest to forensic 

science to advance in the understanding of memory assessment of suspects with regards to 

crime-related information. There has been a significant preoccupation with developing 

adequate techniques that allow for such assessment.Recently it has been argued that focusing 

on basic cognitive mechanisms and strategies would be an essential step in the development 

of deception research (Bond, 2012) and in improving the existing deception detection 

techniques(Vrij, Fisher, Mann, & Leal, 2006; Meijer et al., 2009). 

We provided scientific evidence and arguments for the use of a standardized and well-

supported research paradigm that would substantially benefit the integration of various 

investigations targeting the cognitive dynamics that underlie deceptive communication. This 

research context is provided by the Concealed Information Test, which is one of the most 

widely adopted techniques by today’s researcherswho work in the field of detecting 

information that the subject does not want to disclose (Verschuere et al., 2011; Ben-Shakhar, 

2012). In the present thesis, initially we reviewed the main theoretical assumptions behind this 

novel method and we presented an overview of the current research in the field.A well-

supported CIT test based on measuring reaction times was proposed by Seymour et al., 

(2000), and is now known as the RT-based CIT. Several studies have suggested that this 

procedure can successfully differentiate between truthful and deceptive responses, or between 

guilty and innocent participants on the basis of RTs, supporting the validity of the RT-based 

CIT (see Verschuere & de Houwer, 2011 for a recent review). Adding a cognitive view on the 

concealed information paradigm provided a theoretical framework that allows a more 

complete understanding of the cognitive mechanisms involved in deception. Given the robust 

theoretical background and its simplicity, the RT-based CIT has great advantages for related 

cognitive research of deception.  

Thus, the first major aim of the current thesis was to investigate the relation 

between individual differences in executive functioning and deceptive behavior. This 

relation is of special interest, given that the ability to deceive may depend upon optimal 
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cognitive control mechanisms.This challenging aim was grounded theoretically in the 

introductory section, and later empirically tested in the experiments described in detail in 

Chapter 2, 3 and 4. 

Our first experiment indicated that high performance in the speed of working memory 

was associated with lower detection efficiency. Slower processing limits the amount of 

information that will simultaneously be available for processing, limiting the number of 

associations that can be created or accessed during retrieval. Therefore, it is conceivable that 

high processing speed and fast performance in working memory may actually allow more 

information to be processed in the CIT, which can lead to a decreased conflict between critical 

and irrelevant information. Stimulus-response conflict is likely to contribute to the differential 

responding to concealed information.Furthermore, supporting the theoretical hypothesis 

suggested by Bond (2012), our regression model involving processing speed and working 

memory as predictors revealed that they accounted together for approximately 15% of the 

variance in detection efficiency. Our findings suggest that higher WM capacity of the verbal 

memory was associated with lower detection efficiency. Better WM capacity was in our case 

associated with faster responses to both probes and irrelevants (although significant only in 

the case of probes), which resulted in a negative association between WM capacity and 

detection efficiency. This means that subjects with better WM capacity are in fact harder to 

detect. 

In the second experiment, by introducing different concurrent tasks, we explored 

which particular executive skill is essential to concealing information when disrupted. Studies 

have shown that there is a general mechanism subserving both executive functioning and 

deceptive responses (Johnson et al., 2004), so that disrupting the efficiency of executive 

functions would directly impact the way a person conceals information. Our findings 

suggested that the elevation of cognitive workload on memory updating and flexible set-

shifting can increase the detection efficiency of concealed memory based on behavioral 

measures. 

Finally, in our third study, we additionally explored the relationshipbetween individual 

differences in executive functions and deceptive responses. No significant relations were 

found between self-reported executive dysfunctions and deceptive responses. It is possible 

that the use of a non-clinical sample might not have allowed for substantial variation within 

scores measuring executive deficits (Roth et al., 2013). Alternatively, it is possible that the 

subtle variations in executive functioning consequential for deceptive behavior are not readily 

captured by a self-report measure, which in other studies was at best moderately related to 
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performance-based measures of attentional/cognitive control performance (McAuley et al., 

2010; Toplack et al., 2009).   

Regarding the main aim of the current thesis, we successfully provided evidence for 

the involvement of executive functions in deceptive behavior. In order to efficiently plan and 

execute a deceptive act, a person needs to continuously monitor and update memory contents 

to distinguish truthful from deceptive responses, and to flexibly alternate between these 

mental sets in producing the deceptive response. This finding is consistent with the model 

proposed by Walczyk et al.(2003). It is conceivable that working memory may facilitate 

keeping the truth active while the lie is being constructed.Cognitive inhibition could be a key 

factor in inhibiting the truth response from leakage, while cognitive flexibility could allow the 

shifting between being honest and deceiving.  

Second, we wanted to provide further validation of the RT-based CIT by 

sequencing and examining its outcomes, both in terms of dynamics between deceptive 

responses and the residual costs incurred by stimuli on the immediately following responses. 

By adding a temporal dimension to the designs commonly used in deception research, a 

deeper understanding of the cognitive dynamics of deceptive behavior was developed.In the 

first study, we examined the dynamics of both truthful and deceptive responses in a RT-based 

CIT administered to 92 subjects across three separate blocks of trials. Consistent with 

previous studies, we demonstrated that reaction times in the CIT alone could effectively detect 

concealed information. Bootstrapping of the CIT reaction times indicated that 84 out of 92 

guilty participants (a hit rate of 91%) were correctly detected through their slower responses 

on probe stimuli. Signal detection parameters also showed adequate overall CIT accuracy. 

The key finding of this study is that we were able to establish whether the RT-based CIT 

could offer stable detection over time. Intra-group comparisons between blocks of the CIT 

revealed an increase in the speed and accuracy of responses over time. After 216 trials, there 

was a significant increase in speed of approximately 45 ms. Still, the detection efficiency (the 

difference between probes and irrelevants) remained quite stable over time.Across the three 

blocks, although subjects significantly speeded up their overall RTs, detection efficiency 

remained relatively stable over time. Furthermore, we analyzed the possibility of residual 

costs for the following response incurred by responses to probes, compared to truthful 

responses. Deceptive responses to probes have been claimed to elicit a higher degree of 

conflict compared to truthful denials in the case of irrelevants (Hu, Evans, Wu, Lee, & Fu, 

2013; Verschuere et al., 2005). Besides the inhibition required to suppress the truthful answer, 

responses to probes might also require a higher degree of set-shifting between the truthful and 
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the deceptive response, thus generating an increased residual switch cost for the following 

response (DeJong, 2000; Rogers & Monsell, 1995). We provided evidence supporting the fact 

that irrespective of stimulus type (probe or irrelevant), responses preceded by irrelevants were 

faster than those preceded by probes or targets. This finding is relevant for the future re-

designs of the CIT task, which will have to take into account the order in which stimuli are 

presented. Overall, these results support the validity of the RT-based test for concealed 

information detection, and its potential use for understanding the cognition of deception. 

A third aim of our scientific endeavor wasto enhance the detection efficiency of the 

CIT by increasing executive load. In the second study, the possibility to enhance the 

detection efficiency of the CIT by increasing executive load was investigated, using an 

interference design. After learning and executing a mock crime scenario, subjects underwent 

three deception detection tests: an RT-based CIT, an RT-based CIT plus a concurrent memory 

task, and an RT-based CIT plus a concurrent set-shifting task. The concealed information 

effect, consisting in increased RT and lower response accuracy for probe items compared to 

irrelevant items, was evidenced across all three conditions. The group analyses indicated a 

larger difference between RTs to probes and irrelevant items in the dual-task conditions, but 

this difference was not translated in significantly increased detection efficiency at an 

individual level. Signal detection parameters based on the comparison with a simulated 

innocent group showed accurate discrimination for all conditions. Among the two interfering 

tasks, the demand to flexibly shift responses on a trial-to-trial basis created the largest 

discrepancy between responses to probes and to irrelevants, and was also associated with the 

highest hit rate among the three conditions, even though the differences among them were not 

significant.Our results also indicated that it is worthwhile to combine several different types 

of measures in order to increase detection efficiency. Our study extended the existing 

literature dealing with the impact of interfering tasks on the CIT (Ambach et al., 2008; 

Ambach et al., 2011; Hu et al., 2013). 

Finally, we wanted to explore whether the introduction of emotional stimuli in the 

CIT would have a differential impact on responses to crime-relevant versus irrelevant 

items. Our third study, envisioned deception as an integrated process, placing it at the 

interplay between contextual demands and individual differences in cognitive and socio-

emotional functioning. The RT-based CIT was used to assess subjects' ability to hide the 

possession of relevant knowledge related to a mock crime. Several research questions were 

addressed in this experimental scenario. First, we were interested whether the simple 

introduction of a social stimulus simulating a virtual investigator would facilitate the process 
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of deception detection. Next, we wanted to explore whether the introduction of facial 

emotional displays of the virtual investigator (happy, angry or neutral) would have a 

differential impact on responses to crime-relevant versus irrelevant items. Finally, we 

explored the modulating effect played by individual differences in executive functions and 

trait-like predispositions to experience symptoms of depression, anxiety, stress, as well as in 

the effects of state anxiety experienced during the mock crime. Results indicated that the mere 

presence of a virtual investigator slowed down participants' responses, but did not enhance 

detection efficiency. Emotional valence was shown to differentially affect speed of responses 

to critical items, with positive facial expressions from a virtual examiner enhancing detection 

efficiency, compared to the version containing negative facial expressions, which had the 

opposite effect. Higher levels of state anxiety experienced during the mock crime actually 

speeded up subjects' responses to the critical items in the negative condition of the RT-CIT. 

While the flows of social, emotional and cognitive information are naturally intertwined in 

deceptive scenarios, most of the literature on deception detection has selectively focused on 

the impact of enhancing cognitive load on deception. The present study attempted to simulate 

interference from social and emotional stimuli and to assess its impact in a controlled, 

laboratory-based deceptive scenario. Despite the artificial elements induced by explicitly 

instructing participants to commit a mock crime and to lie about it, the RT-based CIT has 

proven its efficiency in identifying the “memory traces” of concealed information and has the 

potential to represent a cost-effective method for real-life deception detection settings. These 

findings further emphasize the need to take into account motivational and emotional factors 

when considering the transfer of deception detection techniques from the laboratory to real-

life settings. 

 

5.2. Limits and future directions 

 Although our findings have significant theoretical and applied relevance, several 

limitations warrant discussion.Firstly, we have to take into account some limitations of the use 

of the RT-based CIT, which indirectly constitutes limitations to the present thesis. In spite of 

the extensive research conducted on the CIT and its impressive validity estimates, the method 

has not been applied extensively in the forensic field (Nahari & Ben-Shakar, 2011). The small 

number of studies regarding the external validity of the RT-based CIT is one of the notable 

limitation of the CIT research conducted so far. The more realistic mock crime studies 

involving incidental encoding of crime-related information emphasized the importance of the 

rigorous study of information encoding of stimuli in the CIT (Gamer et al., 2010; Nahari & 



30 
 

Ben-Shakhar, 2011). However, the most valuable use of the RT-based CIT is to explore the 

underlying cognitive processes involved in deceptive behavior. Future field studies should be 

conducted in order to assess the practical applicability of this method for detecting deception 

in real life situations.   

Although the RT-based CIT is promising for lie detection, it is especially useful for 

understanding the cognition of deception. However, to improve its probative force, a good 

approach would be to use proper statistical methods to interpret the results. Z-score 

transformations are recommended to augment traditional analyses of raw response latencies 

and to remove the influence of individual differences in overall mean response latency within 

a single group. Also, to properly determine the hit-rate, the bootstrapping method (Wasserman 

& Bockenholt, 1989) would be the optimal solution.  

Considering the current status of the field, using reaction time might raise certain 

issues. Firstly, reaction time can be the subject of intentional control. Countermeasures 

affecting reaction time might be easier to use than those affecting autonomic responses. 

Secondly, one cannot rely on the examinees following the critical instructions, such as 

“respond as quickly and accurately as possible”. In contrast to the autonomic-based CIT, in a 

reaction-time test examinees must respond actively (Matsuda et al., 2012). Despite these 

limitations, research might profit from further examination of reaction time in the CIT. It is an 

easily obtained measure, and individual differences in response times might not be of concern 

if quantified using within-subject metrics (z-scores). 

Given the robust theoretical background of the RT-based CIT, and the promise of 

improvements using more sophisticated statistics, we hope that the use of the RT-based CIT 

will grow in the current research of concealed information detection. 

5.3. Contributions of the present thesis 

The studies described in the current thesis provide a valuable contribution to the 

ongoing pursuit of identifying tools sensitive enough to reliably detect concealed information. 

Moreover, these findings extend the emerging literature on the role of cognitive processing in 

deception. Specific contributions are as follows.  

• We provided a comprehensive review of the scientific literature regarding the deception 

detection methodology.  

• We presented evidence regarding the validity of specific behavioral measures that can 

detect concealed information.  

• We described the main theoretical assumptions behind the RT-based CIT and we 

presented an overview of the current research in the field. 
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• We provided an extensive overview of the current research in concealed information 

detection.  

• We presented an extensive review of the literature regarding cognitive processes involved 

in deceptive behavior.   

• We conducted the first study to explore the RT-based CIT’s detection efficiency over 

time, the temporal dynamics of responses to crime-relevant versus irrelevant items, and 

the residual cognitive costs of stimuli in the RT-based CIT.  

• We conducted the first study to explore whether the introduction of facial emotional 

displays of a virtual investigator (happy, angry or neutral) would have a differential 

impact on responses to crime-relevant versus irrelevant items. Emotional valence was 

shown to differentially affect speed of responses to critical items, with positive facial 

expressions enhancing detection efficiency. These findings have significant practical and 

theoretical implications. 

• Basic individual differences in the speed of processing were so far omitted as a possible 

variable related to successful deception in the CIT, although it is well documented that the 

rate at which people process information appears to influence many aspects of cognition. 

We conducted the first study to address this gap in the scientific literature. 

• We have assed individual differences in executive functioning in relation to deceptive 

behavior by using several experimental tasks and designs. 

• We conducted a rigorous analysis and computed signal detection parameters in order to 

assess the detection efficiency of our instruments. As discussed extensively in the report 

of the National Research Council (2003), this approach is particularly relevant for 

describing the diagnostic value of detection tests.  

• Moreover, we performed a state of the art data analysis to allow for a more in-depth 

testing of probe versus irrelevant differences within an individual. Data from each 

condition were bootstrapped using a rigorous method proposed by Wasserman and 

Bockenholt (1989) and hit rates were subsequently calculated. 

• We have integrated our research findings in the greater body of literature on the role of 

cognitive processing in deception, thus extending its reach. 

 

 Our findings extend the emerging literature on the role of cognitive processing in 

deception and provide a valuable contribution to the field of concealed information detection. 

The research on deception is exciting and emotionally engaging and has attracted significant 
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interest from diverse fields, such as social psychology (e.g., Cole, 2001; DePaulo & Kashy, 

1998) or philosophy (e.g., Meibauer, 2005), not just from forensic science and its practical 

need to detect deception. Despite the huge interest for deception research, very little work has 

been conducted on the cognitive mechanisms involved in concealing information.Thus we 

engaged in an ambitious endeavor to examine deceptive behavior and the role of individual 

differences in executive functioning. The present thesis followed a theory-driven approach 

which provided proper direction to our experiments.  

 The most important strength of the present thesis is also its limitation. We conducted 

all of our experiments in the controlled environment of the laboratory. Most of the CIT 

research usually relies on testing subjects in an environment lacking of social stimuli, despite 

the fact that concealing information is mostly a social action that amplifies the emotional 

involvement and consequences for the deceptive agent. By controlling specific variables 

involved in producing deceptive behavior, we artificially reduced the dynamic components 

and the variability of deceptive communication. However, this ambitious attempt to isolate 

specific variables might be the only way in which we could generate accurate knowledge 

which can be properly grounded in scientific research and theory. Future studies should test 

our findings in a more realistic environment. 

 We envision deception as anembodied and embedded process, placing it at the 

interplay between individual differences in cognitive and socio-emotional factors and 

contextual dimensions. 

 

 

 

 

 

 

 

 

 

 

 

 



33 
 

REFERENCES 
 
 
Abe N (2009). The neurobiology of deception: evidence from neuroimaging and loss-of-function studies. Current Opinion in 
Neurology, 22(6), 594–600. 
 
Abe N, Suzuki M, Tsukiura T, Mori E, Yamaguchi K, Itoh M, Fujii T (2006) Dissociable roles of prefrontal and anterior 
cingulate cortices in deception. Cerebral Cortex 16 (2): 192-199. 
 
Albinet, C. T., Boucard, G., Bouquet, C. A., & Audiffren, M. (2012). Processing speed and executive functions in cognitive 
aging: How to disentangle their mutual relationship? Brain and Cognition, 79, 1–11. 
 
Allen, J.J., Iacono, W., Danielson, K. D. (1992). The identification of concealed memories using the event-related potential 
and implicit behavioral measures – a mthodology for prediction in the face of individual differences. Psychophysiology,29, 
504-522. 
 
Ambach W, Aßmann B, Krieg B, Vaitl D (2012). Face and voice as social stimuli enhance differential physiological 
responding in a Concealed Information Test. Front. Psychol., 19 November 2012. 
 
Ambach W, Stark R, Peper M, Vaitl D (2008). An interfering Go/No-go task does not affect accuracy in a Concealed 
Information Test. Int. J. Psychophysiol. 68, 6-16. 
 
Ambach W, Stark R, Vaitl D (2011). An interfering n-back task facilitates the detection of concealed information with EDA 
but impedes it with cardiopulmonary physiology. Int. J. Psychophysiol. 80, 217-226. 
 
Anderson P (2002) Assessment and Development of Executive Function (EF) During Childhood. Child Neuropsychology: A 
Journal on Normal and Abnormal Development in Childhood and Adolescence, 8:2, 71-82. 
 
Anderson V, Anderson P, Northam E, Jacobs R, Mickiewicz O (2002). Relationships between cognitive and behavioral 
measures of executive function in children with brain disease. Child Neuropsychology. 
 
Arjan van den Born, Arjen van Witteloostuijn, Melody Barlage, Saraï Sapulete, Ad van den Oord, Sofie Rogiest, Nathalie 
Vallet, Zdenko Reguli, Michal Vit, Christian Mouhanna, Damien Cassa, Henriette Binder, Vivian Blumenthal, Jochen 
Christe-Zeyse, Stefanie Giljohann, Mario Gruschinske, Hartwig Pautz, Susanne Stein-Müller, Fabio Bisogni, Pietro 
Costanzo, Trpe Stojanovski, Stojanka Mirceva, Katerina Krstevska, Rade Rajkovcevski, Mila Stamenova, Saskia Bayerl, 
Kate Horton, Gabriele Jacobs, Theo Jochoms, Gert Vogel, Daniela Andrei, Adriana Baban, Sofia Chirica, Catalina Otoiu, 
Lucia Ratiu, Claudia Rus, Mihai Varga, Gabriel Vonas, Victoria Alsina, Mila Gascó, Kerry Allen, Kamal Birdi, Kathryn 
Betteridge, Rebecca Casey, Leslie Graham, László Pólos, (2013) "Policing opportunities and threats in Europe", Journal of 
Organizational Change Management, Vol. 26 Iss: 5, pp.811 - 829 
 
Baddeley, A. D. (1986). Working Memory. Oxford: Oxford University Press. 
 
Baddeley, A. D., Lewis, V., Eldridge, M., & Thomson, N. (1984). Attention and retrieval from long term memory. J. Exp. 
Psychol. Gen. 113, 518-540. 
 
Baddeley, A. (2000a). The episodic buffer: a new component of working memory? Trends in Cognitive Sciences, 4, 417–
423. 

Baddeley, A. (2000b). Short-term and working memory. In E. Tulving, & F. I. M. Craik (Eds.), Handbook of memory (pp. 
77–92). Oxford, UK: Oxford University Press. 

Barrett LF, Lindquist K, Gendron M (2007). Language as a context for emotion perception. Trends in Cognitive Sciences, 11, 
327–332. 
 
Bartol, C. R., & Bartol, A. M. (2004). Psychology and law: Theory, research, and application. Thomson/Wadsworth. 
 
Baumeister, RF, Stillwell AM, Heatherton TF (1994). Guilt: An interpersonal approach. Psychological Bulletin, 115, 243-267 
 
Ben Shakhar G (1985). Standardization within individuals: A simple method to neutralize individual differences in skin 
conductance. Psychophysiology, 22, 292–299. 
 
Ben Shakhar, G.,& Elaad, E. (2003). The validity of psychophysiological detection of information with the Guilty 
Knowledge Test: A metaanalytic review. J. Appl. Psychol. 88, 131–151. 
 



34 
 

Ben-Shakhar, G. (2012). Current research and potential applications of the concealed information test: an overview. Front. 
Psychology 3:342. 
 
Ben-Shakhar, G., & Furedy, J. (1990). Theories and applications in the detection of deception. New York: Springer-Verlag. 
 
Bertocci MA, Bebko GM, Mullin BC, Langenecker SA, Ladouceur CD, Almeida JRC, Phillips ML (2012). Abnormal 
anterior cingulate cortical and putamen activity distinguish bipolar from unipolar depression in females, Psychological 
Medicine, 42, 1417-1428 
 
Bond GD (2012). Focus on basic cognitive mechanisms and strategies in deception research (and remand custody ‘wizards’ 
to Harry Potter movies). Journal of Applied Research in Memory and Cognition, 1, 128–130. 
 
Bradley MM, Cuthbert BN, Lang PJ (1996). Picture media and emotion: Effects of a sustained affective 
context.Psychophysiology, 33, 662-670. 
 
Buller, D. B. &  J. K. Burgoon, (1996). Interpersonal Deception Theory. Communication Theory, 6(3), 203–242. 
 
Burgoon, J. K. (2005) Measuring nonverbal indicators of deceit. In V. Manusov  (Ed.), The sourcebook of nonverbal 
measures. Going beyond words (pp. 238- 250). Lawrence Erlbaum, New Jersey. 
 
Burgoon, J. K., Buller, D. B., & Floyd, K. (2001). Does participation affect deception success? A test of the interactivity 
principle. Human Communication Research, 27, 503–534. 
 
Burgoon, J. K. & Qin, T. (2006). The Dynamic Nature of Deceptive Verbal Communication. Journal of Language and Social 
Psychology, 25(1), 76--96. 
 
Bush LK, Hess U, Wolford G (1993). Transformations for within-subject designs: A Monte Carlo investigation. Psychol. 
Bull. 113, 566–579. 
 
Cacioppo JT, Crites SL, Berntson GG, Coles MG. If attitudes affect how stimuli are processed, should they not affect the 
event-related brain potential? Psychol Sci. 1993, 4:108–112. 
 
Carmel, D., Dayan, E., Naveh, A., Raveh, O., & Ben-Shakhar, G.(2003). Estimating the validity of the Guilty Knowledge 
Test fromsimulated experiments: The external validity of mock crime studies.J. Exp. Psychol- Appl. 9, 261–269. 
 
Casey BJ, Thomas KM, Welsh TF, Livnatn R, Eccard CH (2000). Cognitive and behavioral probes of developmental 
landmarks for use in functional neuroimaging. In M. Ernst & J. M. Rumsey (Eds.), Functional Neuroimaging in Child 
Psychiatry (pp. 155–168). New York: Cambridge University Press. 
 
Cepeda, N. J., Blackwell, K. A., & Munakata, Y. (2013). Speed isn't everything: Complex processing speed measures mask 
individual differences and developmental changes in executive control. Developmental Science, 2: 269-286. 
 
Christ SE, Van Essen DC, Watson JM, Brubaker  LE, McDermott KB (2009). The contributions of prefrontal cortex and 
executive control to deception: Evidence from activation likelihood estimate metaanalyses. Cerebral Cortex, 19, 1557–1566. 
 
Cohen J (1988). Statistical Power Analysis for the Behavioral Sciences (2nd ed.). Hillsdale NJ: Lawrence Erlbaum 
Associates. 
 
Cohen N, Henik A (2012). Do irrelevant emotional stimuli impair or improve executive control? Front. Integr. Neurosci 
6:33. 
 
Cole, T. (2001). Lying to the one you love: The use of deception in romantic relationships. Journal of Social and Personal 
Relationships, 18, 107-129. 
 
Conway, A. R. A., Cowan, N., Bunting, M. F., Therriault, D. J., & Minkoff, S. R. B. (2002). A latent variable analysis of 
working memory capacity, short-term memory capacity, processing speed, and general fluid intelligence. Intelligence, 30, 
163-183.  
 
Cottrell NB (1972). Social facilitation. In CG McClintock (Ed.), Experimental social psychology (pp. 185-236). New York: 
Holt, Rinehart, Winston. 
 
Craik, F. I. M., Govoni, R., Naveh-Benjamin, M., and Anderson, N. D. (1996). The effects of divided attention on encoding 
and retrieval processes in human memory. J. Exp. Psychol. Gen. 125, 159-180. 
 
Dando, C. J., Ormerod, T. C., Wilcock, R., and Milne, R. (2011). Change temporal order retrieval: Help 
or hindrance. Cognition 121, 416-421.  
 



35 
 

De Jong, R. (2000). An intention-activation account of residual switch costs. In S. Monsell & J. Driver (Eds.), Control of 
cognitive processes: Attention and performance XVIII (pp. 357-376). Cambridge, MA: MIT Press. 
 
Debey E, Verschuere B, Crombez G (2012). Lying and executive control: An experimental investigation using ego depletion 
and goal neglect. Acta Psychologica. 140, 133–141. 
 
Dennis T, Chen CC, McCandliss BD, (2008). Threat-related attentional biases: an analysis of three attention systems. 
Depression and Anxiety: 25 (6): 1-10. 
 
DePaulo, B., Kashy, D., Kirkendol, S., Wyer, M. (1996). Lying in everyday life. Journal of Personality and Social 
Psychology, Vol 70(5), May 1996, 979-995. 
 
DePaulo, B. M., & Kashy, D. A. (1998). Everyday lies in close and casual relationships. Journal of Personality and Social 
Psychology, 74, 63-79. 
 
DePaulo, B. M., Lindsay, J. J., Malone, B. E., Muhlenbruck, L., Charlton, K., & Cooper, H. (2003). Cues to deception. 
Psychological Bulletin, 129, 74-118. 
 
Dolcos F, LaBar KS, Cabeza R (2005) Remembering one year later: role of the amygdala and the medial temporal lobe 
memory system in retrieving emotional memories. Proc Natl Acad Sci USA 102:2626–2631. 
 
Ebner NC, Riediger M, Lindenberger U (2010). FACES - A database of facial expressions in young, middle-aged and older 
women and men. Development and validation.Behavior Research Methods, 42, 351-362. 
 
Egner T, Etkin A, Gale S, Hirsch J (2008). Dissociable neural systems resolve conflict from emotional versus nonemotional 
distracters. Cerebral Cortex, 18, 1475-84. 
 
Ekman, P. (1997) Deception, Lying And Demeanor. In States of Mind: American and Post-Soviet Perspectives on 
Contemporary Issues in Psychology. D.F. Halpern and A.E.Voiskounsky (Eds.) Pp. 93-105. New York: Oxford University 
Press. 
 
Elaad E., (2003). Effects of feedback on the overestimated capacity to detect lies and the underestimated ability to tell lies. 
Applied Cognitive Psychology, Volume 17, Issue 3, pages 349–363, April 2003. 
 
Elaad E, 2009. Effects of context and state of guilt on the detection of concealed crime information. Int. J. Psychophysiol. 71, 
225–234. 
 
Engle, R. W., Tuholski, S. W., Laughlin, J. E., & Conway, A. R. A. (1999). Working memory, short-term memory and 
general fluid intelligence: A latent variable approach. Journal of Experimental Psychology. General, 128, 309 – 331. 
 
Eysenck MW, Derakshan N, Santos R, Calvo MG (2007). Anxiety and cognitive performance: attentional control theory. 
Emotion. 7(2):336–353. 
 
Farrow TF, Hopwood MC, Parks RW, Hunter MD, Spence SA (2010). Evidence of mnemonic ability selectively affecting 
truthful and deceptive response dynamics. The American Journal of Psychology, 4, 447–453. 
 
Farwell, L. A., and Donchin, E. (1991). The truth will out: Interrogative polygraphy (“lie detection”) with event-related 
potentials. Psychophysiology 28, 531–547. 
 
Faust ME, Balota DA, Spieler DH, Ferraro FR (1999).  Individual differences in information processing rate and amount: 
Implications for group differences in response latency. Psychol. Bull. 125, 777-799. 
 
Fischer H, Wright CI, Whalen PJ, McInerney SC, Shin LM, Rauch SL (2003). Brain habituation during repeated exposure to 
fearful and neutral faces: a functional MRI study. Brain Res. Bull. 59, 387– 392. 
 
Fisk, A. D., & Rogers, W. A. (2001). Health care of older adults: The promise  of human factors research. In W. A. Rogers 
and A. D. Fisk (Eds.), Human  factors interventions for the health care of older adults (pp. 1-12). Mahwah,  NJ: Erlbaum.  
 
Fiske, S. T., & Taylor, S.E. (1991). Social cognition. London: McGraw-Hill. 
 
Fry, A. F., & Hale, S. (1996). Processing Speed, Working Memory, and Fluid Intelligence: Evidence for a Developmental 
Cascade. Psychological Science, 7(4), 237-241. 
 
Furedy JJ, Ben-Shakhar G (1991). The roles of deception, intention to deceive, and motivation to avoid detection in the 
psychophysiological detection of guilty knowledge. Psychophysiology 28, 163–171. 
 



36 
 

Gable PA, Harmon-Jones E (2008). Approach-motivated positive affect reduces breadth of attention. Psychological Science, 
19, 476-482 
 
Gamer M (2011). Detecting of deception and concealed information using neuroimaging techniques. In B. Verschuere, G. 
Ben-Shakhar & E. Meijer (Eds.), Memory detection: Theory and application of the Concealed Information Test (pp. 90-113). 
Cambridge: University Press. 
 
Gamer M, Bauermann T, Stoeter P, Vossel G (2007). Covariations among fMRI, skin conductance and behavioral data 
during processing of concealed information. Human Brain Mapping, 28, 1287-1301. 
 
Gamer, M.(2010). Does the guilty actions test allow for differentiating guilty subjects from informed innocents? A re-
examination. Int.J. Psychophysiol. 76, 19–24. 
 
Gati, I., & Ben-Shakhar, G. (1990). Novelty and relevance in orientation and habituation: A feature-matching approach. 
Journal of Experimental Psychology: General, 119, 251-263. 
 
Geen RG, Gange JJ (1977). Drive theory of social facilitation: Twelve years of theory and research. Psychological Bulletin, 
84, 1267-1288. 
 
Gioia GA, Isquith PK, Guy SC, Kenworthy L (2000). Behavior Rating Inventory of Executive Function: Professional 
Manual. Lutz, FL: Psychological Assessment. 
 
Gloster AT, Rhoades HM, Novy D, Klotsche J, Senior A, Kunik M, Wilson N, Stanley MA (2008).  Psychometric properties 
of the Depression Anxiety and Stress Scale-21 in older primary care patients.  Journal of Affective Disorders, 110, 248-259. 
 
Gold, J., Carpenter, C., Randolph, C., Goldberg, T., Weinberger, D. (1997). Auditory working memory and Wisconsin Card 
Sorting Test performance in schizophrenia. Archives of General Psychiatry 54(2), 159–165. 
 
Goldstein, E.R. (1923). Reaction Times and the Consciousness of Deception, Am. Jour. of Psychology; 562. 
 
Gombos VA (2006). The cognition of deception: The role of executive processes in producing lies. Genetic, Social, and 
General Psychology Monographs, 132, 197–214. 
 
Granhag, P. A., & Stromwall, L. A. (2002). Repeated interrogations: Verbal and nonverbal cues to deception. Applied 
Cognitive Psychology, 16, 243–257. 
 
Greene, J. O. , O'Hair, H. D., Cody, M. J., & Yen, C. (1985). Planning and control of behavior during deception. Human 
Communication Research , 11, 335-364. 
 
Gronau, N., Ben-Shakhar, G., & Cohen, A. (2005). Behavioral and physiological measures in the detection of concealed 
information. Journal of Applied Psychology, 90, 147-158. 
 
Harmon-Jones E, Gable PA (2009). Neural activity underlying the effect of approach-motivated positive affect on narrowed 
attention. Psychological Science, 20, 406-409. 
 
Harrison AA, Hwalek M, Raney D, Fritz JG (1978). Cues to deception in an interview situation. SocialPsychology, 41, 156–
161. 
 
Henke, F. G., and Eddy, M. W., Mental Diagnosis by Reaction Method, Psychol. Rev., I909, I6, 399-409. 
 
Hicks, J. L., and Marsh, R. L. (2000). Toward specifying the attentional demands of recognition memory. J. Exp. Psychol. 
Learn. 26, 1483-1498. 
 
Hu X, Chen H and Fu G (2012). A repeated lie becomes a truth? The effect of intentional control and training on deception. 
Front.Psychology 3, 488. 
 
Hu X, Evans A, Wu H, Lee K, Fu G (2013). An interfering dot-probe task facilitates the detection of mock crime memory in 
a reaction time (RT)-based concealed information test. Actapsychologica, 142, 278-285. 
 
Hu, X., Rosenfeld, J. P., & Bodenhausen, G. V. (2012). Combatting automatic autobiographical associations: The effect of 
instruction and training in strategically concealing information in the Autobiographical Implicit Association Test. Psychol. 
Sci.23, 1079-1085. 
 
Hu, X., Rosenfeld, J.P. (2012). Combining the P300-complex trial-based Concealed Information Test and the reaction time-
based autobiographical Implicit Association Test in concealed memory detection. Psychophysiology. 49, 1090–1100 
 



37 
 

Inbau FE, Reid JE, Buckley JP, Jayne BC (2013). Criminal interrogation and confessions, Fifth Edition. Burlington, MA: 
Jones & Bartlett Learning. 
 
Isen AM (2009). A role for neuropsychology in understanding the facilitating influence of positive affect on social behavior 
and cognitive processes. In S. J. Lopez and C. R. Snyder (Eds). Oxford Handbook of Positive Psychology, 2nd Edition (pp. 
503-518). New York, NY: Oxford University Press. 
 
Johnson KJ, Waugh CE, Fredrickson BL (2010). Smile to see the forest:  Facially expressed positive emotions broaden 
cognition. Cognition&Emotion, 24(2), 299-321. 
 
Johnson R, Barnhardt J, Zhu J (2004). The contribution of executive processes to deceptive responding. Neuropsychologia, 
42(7), 878–901. 
 
Johnson, R., Barnhardt, J., & Zhu, J. (2005). Differential effects of practice on the executive processes used for truthful and 
deceptive responses: An event-related brain potential study. Cognitive Brain Research, 24, 386–404. 
 
Jones EE, Gerard HB (1967). Foundations of social psychology, New York: Wiley. 
 
Kahneman, D., (1973). Attention and effort. Prentice-Hall, Englewood Cliffs, NJ. 
 
Kanske P (2012). On the influence of emotion on conflict processing. Front.Integr. Neurosci. 6:42. 
 
Karim AA, Schneider M, Lotze M, Veit R, Sauseng P, Braun C, Birbaumer N (2010). The truth about lying: Inhibition of the 
prefrontal cortex improves deceptive behavior. CerebralCortex, 20, 205-213. 
 
Kensinger EA (2009). Remembering the details: Effects of emotion. Emotion Review. 2009;1:99–113. 
 
Kensinger, E. A., and Corkin, S. (2003).  Memory enhancement for emotional words: Are emotional words more vividly 
remembered than neutral words?  Mem.  Cognition 31, 1169-1180. 
 
Koehnken, G. (1990). Glaubwuerdigkeit [Credibility]. Muenchen: Psychologie Verlags Union. 
 
Koster EHW, Crombez G, Verschuere B, De Houwer J (2004). Selective attention to threat in the dot probe paradigm: 
Differentiating vigilance and difficulty to disengage. Behaviour Research & Therapy, 42, 1183-1192. 
 
Krebs RM, Boehler CN, Woldorff MG (2010). The influence of reward associations on conflict processing in the Stroop task. 
Cognition, 117(3), 341-347. 
 
Kristjánsson Á, Óladóttir B, Most SB (2013). “Hot” facilitation of “cool” processing: Emotional distraction can enhance 
priming of visual search. JournalofExperimentalPsychology:HumanPerception&Performance, 39, 298-306. 
 
Kyllonen, P. C., & Christal, R. E. (1990). Reasoning ability is (little more than) working-memory capacity. Intelligence, 14, 
389–433. 
 
Ladouceur CD, Dahl RE, Williamson DE, Birmaher B, Ryan ND, Casey BJ (2005). Altered emotional processing in pediatric 
anxiety, depression, and comorbid anxietydepression. Journal of Abnormal Child Psychology 33, 165–177. 
 
Lambert AJ, Payne BK, Jacoby LL, Shaffer LM, Chasteen AL, Khan SK (2003). Stereotypes as dominant responses: On the 
“social facilitation” of prejudice in anticipated public contexts. Journal of Personality and Social Psychology, 84, 277-295. 
 
Lang PJ, Greenwald MK, Bradley MM,  Hamm AO (1993). Looking at pictures: Affective, facial, visceral, and behavioral 
reactions. Psychophysiology, 30, 261–273. 
 
Leach, H. M., and Washburn, M. F., Some Tests by the Association Reaction Method of Mental Diagnosis, this JOURNAL, 
1910, 21, 162-167. 
 
Lewis, J. A., & Cuppari, M. (2009). Polygraph: The Truth Lies within, The. J. Psychiatry & L., 37, 85. 
 
Logan, G. D. (1979). On the use of a concurrent memory load to measure attention and automaticity. J. Exp. Psychol. Human 
5, 189-207.  
 
Logan, G. D. (1994). On the ability to inhibit thought and action: A user’s guide to the stop signal paradigm. In D. 
Dagenbach & T. H. Carr, Inhibitory processes in attention, memory, and language (pp. 189-239). San Diego: Academic 
Press. 
 
Lovibond SH, Lovibond PF (1995). Manual for the Depression Anxiety Stress Scales. (2nd. Ed.) Sydney: Psychology 
Foundation. 



38 
 

 
Lubow, R.E., and Fein, O. (1996). Pupillary size in response to a visual guilty knowledge test: new technique for the 
detection of deception. J. Exp. Psychol.Appl. 2, 164–177. 
 
Luo, D., Thompson, L.A., Detterman, D.K. (2006). The criterion validity of tasks of basic cognitive processes. Intelligence, 
34, 79-120. 
 
Lykken DT (1959). The GSR in the detection of guilt. J. Appl. Psychol.43, 385-388. 
 
Lykken DT (1974). Psychology and the lie detection industry. Am. Psychol.29, 725-739. 
 
Maoz, K., Breska, A., & Ben-Shakhar, G. (2012). Orienting response elicitation by personally significant information under 
subliminal stimulus presentation: A demonstration using the concealed information test. Psychophysiology, 49, 1610-1617. 
 
Martin E, Kerns J (2011). The influence of positive mood on different aspects of cognitive control. Cognition&Emotion, 
2011; 25 (2): 265. 
 
Mather M, Sutherland MR (2011). Arousal-biased competition in perception and memory. Perspectives on Psychological 
Science, 6(2), 114-133.  
 
Matsuda, I., Nittono, H., Allen, J.J.B (2012). The Current and Future Status of the Concealed Information Test for Field Use. 
Frontiers in Psychology, 3, 1-11. 
 
McAuley T, Chen S, Goos L, Schachar R, Crosbie J (2010). Is the Behavior Rating Inventory of Executive Function more 
strongly associated with measures of impairment or executive function? Journal of the International Neuropsychological 
Society, 16, 495-505. 
 
McGrew, K. S. (2005).  The Cattell-Horn-Carroll (CHC) theory of cognitive abilities:  Past, present and future. In D. 
Flanagan, & Harrison (Eds.), Contemporary intellectual assessment: Theories, tests, and issues-Second Edition (p.136-202). 
New York: Guilford Press.  
 
Meibauer, J. (2005). Lying and falsely implicating. Journal of Pragmatics, 37, 1373- 1399. 
 
Meijer E.H., Smulders F.T.Y, Johnston J.E., Merckelbach H.L.G.J. (2007) Combining skin conductance and forced choice in 
the detection of deception. Psychophysiology  44, 814–22. 
 
Meijer EH, Verschuere B, Vrij A, Merckelbach H, Smulders F, Leal S, Ben-Shakhar G, Granhag PA, Gamer M, Gronau N, 
Vossel G, Crombez G, Spence S (2009). A call for evidence-based security tools. Open Access Journal of Forensic 
Psychology, 1-4. 
 
Meissner CA, Kassin SM (2002). “He's guilty!”: Investigator bias in judgments of truth and deception. Law & Human 
Behavior, 26, 469-480. 
 
Metts S. (1989). An Exploratory Investigation of Deception in Close Relationships. 
JournalofSocialandPersonalRelationships May 1989 vol. 6 no. 2 159-179. 
 
Miclea, M., Porumb, M., Cotârlea, P., & Albu, M., (coord.) (2009). The Cognitrom Assessment System CAS++. ASCR 
Printing House, Cluj-Napoca.  
 
Miller, G. R., & Stiff, J. B.  (1993).  Deceptive Communication.  Thousand Oaks, CA:  Sage Publications.  
 
Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD (2000). The unity and diversity of executive 
functions and their contributions to complex “frontal lobe” tasks: A latent variable analysis. Cognitive Psychology, 41, 49–
100. 
 
Miyake, A., & Shah, P. (Eds.). (1999). Models of working memory: Mechanisms of active 
maintenance and executive control. New York: Cambridge University Press. 
 
Morgan CJ, LeSage JB, Kosslyn SM (2009). Types of deception revealed by individual differences in cognitive abilities. 
SocialNeuroscience, 4 (6), 554-569. 
 
Mueller SC (2011). The influence of emotion on cognitive control: Relevance for development and adolescent 
psychopathology. FrontiersinCognition, 2 (327). 
 
Mullin BC, Perlman SB, Versace A, de Almeida JR, Labarbara EJ, Klein C, Ladouceur CD, Phillips ML (2012). An fMRI 
study of attentional control in the context of emotional distracters in euthymic adults with bipolar disorder. PsychiatryRes; 
201(3):196-205. 



39 
 

 
Munsterberg, H. (1908). On the witness stand. New York: Doubleday, Page. 
 
Nahari, G., & Ben-Shakhar, G. (2011). Psychophysiological and behavioral measures for detecting concealed information: 
The role of memory for crime details. Psychophysiology, 48, 733–744. doi: 10.1111/j.1469-8986.2010.01148.x 
 
Oberauer, K., Süß, H.-M., Wilhelm, O., and Wittmann, W. W. (2003). The multiple faces of working memory: Storage, 
processing, supervision, and coordination. Intelligence 31, 167-193. 
 
Öhman, A. (1979). The orienting response, attention and learning: An information processing perspective. In H. D. Kimmel, 
E. H. vanOlst, & J. F. Orlebeke (Eds.), The orienting reflex in humans. Hillsdale, NJ: Lawrence Erlbaum. 
 
Osugi, A. (2011). Daily application of the concealed information test: Japan, in Memory Detection: Theory and Application 
of the Concealed Information Test, eds B.Verschuere, G. Ben Shakhar, and E.Meijer (Cam- 
bridge:CambridgeUniversityPress), 253–275. 
 
Pashler, H. (1994). Dual-task interference in simple tasks: Data and theory. Psychol. Bull. 116, 220-244. 
 
Pashler, H. and Christian, C. (1994). Bottlenecks in planning and producing vocal, manual and foot responses. Center for 
Human Information Processing Technical Report. 
 
Pessoa L (2008). On the relationship between emotion and cognition. Nature Reviews Neuroscience. Feb; 9(2):148-58. 
 
Peth J, Vossel G, Gamer M (2012). Emotional arousal modulates the encoding of crime related details and corresponding 
physiological responses in the Concealed Information Test. Psychophysiology, 49:381-390. 
 
Rogers, R. D., & Monsell, S. (1995). Costs of a predictable switch between simple cognitive tasks. Journal of Experimental 
Psychology: General, 124, 207-231. 
 
Rosenfeld, J.P.(2011). P300 in detecting concealed information, in Memory Detection: Theory and Application of the 
Concealed Information Test, eds B.Verschuere, G. Ben Shakhar, and E.Meijer (Cam- bridge:CambridgeUniversityPress), 63–
89. 
 
Rosenfeld, J.P., Soskins, M., Bosh, G., and Ryan, A.(2004). Simple, effective countermeasures to P300- based tests of 
detection of concealed information. Psychophysiology 41, 205–219. 
 
Roth RM, Lance CE, Isquith PK, Fischer AS, Giancola PR (2013). Confirmatory factor analysis of the behavior rating 
inventory of executive function-adult version in healthy adults and application to attention-deficit/hyperactivity disorder. 
Arch Clin Neuropsychol, Aug; 28(5):425-34 
 
Rowe G, Hirsh JB, Anderson AK (2007). Positive affect increases the breadth of attentional selection. Proceedings of the 
National Academy of Sciences of the United States of America, 104(1), 383-388. 
 
Schumacher, E. H., Seymour, T. L., Glass, J. M., Fencsik, D. E., Lauber, E. J., Kieras, D. E., and Meyer, D. E. (2001). 
Virtually Perfect Time Sharing in Dual-Task Performance: Uncorking the Central Cognitive Bottleneck. Psychol. Sci. 12, 
101-8. 
 
Seymour TL, Baker CA, Gaunt JT (2013). Combining Blink, Pupil, and Response Time Measures in a Concealed Knowledge 
Test. Frontiers In Cognitive Science 3:614. 
 
Seymour TL, Kerlin JR (2008). Successful detection of verbal and visual concealed knowledge using an RT-based paradigm. 
Applied Cognitive Psychology, 22, 475-490. 
 
Seymour TL, Seifert CM, Shafto MG, Mosmann AL (2000). Using response time measures to assess “guilty knowledge.” 
Journal of Applied Psychology, 85, 30–37. 
 
Sheppes G, Luria R, Fukuda K, Gross JJ (in press). There's More to Anxiety than Meets the Eye: Isolating Threat-Related 
Attentional Engagement and Disengagement Biases. Emotion. 
 
Shiffrin, R. M., & Schneider, W. (1977). Controlled and automatic human  information processing: II. Perceptual learning, 
automatic attending, and a general  theory. Psychological Review, 84, 127 190.  
 
Sip KE, Roepstorff A, McGregor W, Frith CD (2008). Detecting deception: the scope and limits. Trends in Cognitive 
Sciences, 12 (2), 48-53. 
 
Sokolov, E. N. (1963). Perception and the conditioned reflex. New York: Macmillan. 
 



40 
 

Spence SA (2004). The deceptive brain. J. Roy. Soc. Med.97, 6–9. 
 
Spence, S. A., Farrow, T. F. D., Herford, A. E., Wilkinson, I. D., Zheng, Y., and Woodruff, P. W. R. (2001). Behavioural and 
functional anatomical correlates of deception in humans. Neuroreport 12, 2849−2853. 
 
Spielberger CD, Gorsuch RL, Lushene R, Vagg PR, Jacobs GA (1983). Manual for the State-Trait Anxiety Inventory. 
Consulting Psychologists Press, Inc.; Palo Alto, CA: 1983. 
 
Sporer, S. L. & Schwandt, B. (2006). Paraverbal Indicators of Deception: A Meta-analytic Synthesis. Applied Cognitive 
Psychology, 20, 421–446. 
 
Sproull L, Subramani M, Kiesler S, Walker J, Waters K (1996). When the interface is a face. Human–Computer Interaction, 
11(2), 97–124.  
 
Stanislaw H, Todorov N (1999 Feb). "Calculation of signal detection theory measures. Behavior research methods, 
instruments, & computers : a journal of the Psychonomic Society, Inc 31 (1): 137–49. 
 
Sternberg, S. (1966). High-speed scanning in human memory. Science, 153, 652-654. 
 
Talwar V, Lee K (2008). Social and cognitive correlates of children’s lying behavior. Child Development. 79(4), 866–881. 
 
Timm, H.W. (1982). Effect of altered outcome expectancies stemming from placebo and feedback treatments on the validity 
of the guilty knowledge technique. J. Appl.Psychol. 67, 391–400. 
 
Toplack ME, Bucciarelli SM, Jain U, Tannock R (2009). Executive functions: Performance-based measures and the 
behaviour rating inventory of executive function (BRIEF) in adolescents with attention deficit/hyperactivity disorder 
(ADHD). Child Neuropsyhcology, 15, 53-72.  
 
Tylera J., Feldmana R., Reichert A. (2006). The price of deceptive behavior: Disliking and lying to people who lie to us. 
Journal of Experimental Social Psychology, Volume 42, Issue 1, January 2006, Pages 69–77. 
 
 
Van Bockstaele B, Verschuere B, Moens T, Suchotzki K, Debey E, Spruyt A (2012). Learning to lie: effects of practice on 
the cognitive cost of lying. Frontiers in Psychology, November (3) 1-8. 
 
Vanlessen N, Rossi V, De Raedt R, Pourtois G (2013). Positive emotion broadens attention focus through decreased position-
specific spatial encoding in early visual cortex: Evidence from ERPs. Cognitive, Affective, & Behavioral Neuroscience, 13, 
60-79.  
 
Vendemia, J. M. C., Buzan, R. F. & Simon-Dack, S. L. (2005). Reaction time of motor responses in two-stimulus paradigms 
involving deception and congruity with varying levels of difficulty. Behavioural Neurology, 16(1), 25-36.  
 
Verschuere B, Crombez G, De Clercq A, Koster E (2004). Autonomic and behavioral responding to concealed information: 
Differentiating defensive and orienting responses. Psychophysiology, 41, 461-466. 
 
Verschuere B, De Houwer J (2011). Detecting concealed information in less than a second: response latency-based measures, 
in Memory Detection: Theory and Application of the Concealed Information Test, eds Verschuere B, Ben-Shakhar G, Meijer 
E, editors. Cambridge: Cambridge University Press , 128–148. 
 
Verschuere B, Rosenfeld JP, Winograd M, Labkovsky E, Wiersema R (2009). The role of deception in P300 memory 
detection. Leg.Crim Psychol. 14, 253-262. 
 
Verschuere B, Spruyt A, Meijer EH, Otgaar H (2011). The ease of lying. Consciousness and Cognition, 20, 908-911. 
 
Verschuere, B., Ben-Shakhar, G., and Meijer, E. (2011). Memory detection: Theory and application of the Concealed 
Information Test. Cambridge University Press. 
 
Verschuere, B., Crombez, G., DeClercq, A., and Koster, E. (2005). Psychopathic traits and autonomic responding to 
concealed information in a prison sample. Psychophysiology 42, 239–245. 
 
Verschuere, B., Crombez, G., Degrootte, T., and Rosseel, Y. (2010). Detecting concealed information with reaction times: 
Validity and comparison with the polygraph. Appl. Cognitive Psych. 24, 991-1002.   
 
Verschuere, B., Crombez, G., Koster, E. H. W., & Van Baelen, P. (2005). Behavioral responding to concealed information: 
Examining the role of relevance orienting. Psychologica Belgica, 45, 207-216. 
 



41 
 

Verschuere, B., Crombez, G., Koster, E., Van Bockstaele, B., and De Clercq, A., (2007). Startling secrets: Startle eye blink 
modification by concealed crime information. Biol. Psychol. 76, 52-60. 
 
Verschuere, B., Rosenfeld, J.P., Winograd, M., Labkovsky, E. & Wiersema, R.-J. (2008). The Role of Deception in the P300-
Based Concealed Information Test. Psychophysiology, Volume 45, s1 p.s103. 
 
Verschuere, B., Spruyt, A., Meijer, E., & Otgaar, H. (2011). The ease of lying. Consciousness & Cognition, 20, 908-911. 
 
Visu-Petra G, Miclea M, Visu-Petra L (2011). Reaction time-based detection of concealed information in relation to 
individual differences in executive functioning. Applied Cognitive Psychology, 26, 342–351. 
 
Visu-Petra G, Varga M, Miclea M, Visu-Petra L (2013) When interference helps: increasing executive load to facilitate 
deception detection in the concealed information test, Front Psychol. 4:146. 
 
Visu-Petra, G., Bus¸, I., & Miclea, M. (2011). Detecting concealed information from a mock crime scenario by using 
psychophysiological and RT-based measures. Cognition, Brain, Behavior, 14(1), 19-37. 
 
Vrij A, Fisher R, Mann S, Leal S (2006). Detecting deception by manipulating cognitive load. Trends in Cognitive Science, 
10, 141–142. 
 
Vrij, A. (2008). Detecting lies and deceit: Pitfalls and opportunities.  Wiley Series in the Psychology of Crime, Policing and 
Law. Chichester: Wiley. 
 
Vrij, A. (2000) Detecting lies and deceit: the psychology of lying and implications for professional practice. Wiley series in 
psychology of crime, policing and law. John Wiley & Sons, Chichester.  
 
Vrij, A., Granhag, P. A., Mann, S., and Leal, S. (2011). Outsmarting the liars: Toward a cognitive lie detection approach. 
Curr. Dir. Psychol. Sci. 20, 28-32. 
 
Vrij, A., Leal, S., Granhag, P.A., Mann, S., Fisher, R.P., Hillman, J., and Sperry, K. (2009). Outsmarting the liars: The 
benefit of asking unanticipated questions. Law Human Behav. 33, 159–166. 
 
Vrij, A., Mann, S., Fisher, R., Leal, S., Milne, B., and Bull, R. (2008). Increasing cognitive load to facilitate lie detection: The 
benefit of recalling an event in reverse order. Law Human Behav. 32, 253- 265.   
 
Walczyk JJ, Igou FP, Dixon AP, TcholakianT (2013). Advancing Lie Detection by Inducing Cognitive Load on Liars: A 
Review of Relevant Theories and Techniques Guided by Lessons from Polygraph-Based Approaches. Front Psychol. 2013; 
4: 14. 
 
Walczyk JJ, Roper KS, Seemann E, Humphrey AM (2003). Cognitive mechanisms underlying lying to questions: Response 
time as a cue to deception. Applied Cognitive Psychology, 17, 755–774. 
 
Wasserman S, Bockenholt U (1989). Bootstrapping: Applications to Psychophysiology. Psychophysiology 26, 208–221. 
 
Wheeler, M. A., Stuss, D. T., & Tulving, E. (1997). Toward a theory of episodic memory: the frontallobes and autonoetic 
consciousness. Psychological Bulletin, 121, 331–354. 

Williams, L. M., Brammer, M. J., Skerrett, D., Lagopolous, J., Rennie, C., Kozek, K., ... Gordon, E. (2000). The neural 
correlates of orienting: An integration of fMRI and skin conductance orienting. Neuroreport, 11. 
 
Yerkes, R. M., and Berry, C. S., The Association Reaction Method of Mental Diagnosis, this JOURNAL, I909, 20, 22-37. 
 
Zahn-Waxler C, Kochanska G (1990). The origins of guilt. In R. A. Thompson (Ed.),  Dientsbier, R. A. (Series Ed.), The 
36th annual Nebraska symposium on motivation: Vol. 36. Socioemotional development (pp. 183–257). Lincoln: University 
of Nebraska Press 
 
Zajonc RB (1965). Social facilitation. Science 149, 269–274. 
 
Zuckerman M, DePaulo BM, Rosenthal R (1981). Verbal and nonverbal communication of deception. In L. Berkowitz (Ed.), 
Advances in experimental social psychology, Vol. 14. (pp. 1–57) New York: Academic Press. 
 


	abstract.pdf
	REFERENCES


