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Lies are intentional distortions of event knowledge and are difficult to detect using current lie detection techniques. Here we describe a new method based on indirect measures of implicit memory which is surprisingly accurate in detecting crimes. This method is highly accurate even at the individual level and in this respect it outperforms previously proposed methods of lie detection. This method can prove very useful in providing important information about the mind of criminals and witnesses within the investigative and forensic settings.

.

Detecting lies plays an essential role during crime investigations and criminal trials and, despite methodological advancements have been made, they have not improved the specificity and sensitivity of lie detection techniques1. This could be mainly due to the fact that only decades-old psychological tasks are still utilized. Therefore, there is an urgent need for a more reliable lie detection technique in forensic science. 

Classically most lie-detection techniques, including highly sophisticated techniques such as functional magnetic resonance (fMRI) 2,3,4 are based on direct questions addressed to the suspect (e.g., “Did you do it?” type). Here we propose a new method in which no direct questions regarding the events of interest are asked to the examinee. Rather, memories for crime related events are derived from the observed pattern of response to an apparently unrelated Trojan horse task. Specifically this methodology allows lies to be recognised when there is a discrepancy between the suspect’s overt response to direct questions and concealed knowledge as highlighted from a specific pattern of responses in a speeded categorization task.

We developed a novel variant of the Implicit Association Test (IAT) 5,6 (see the Supplementary Information), which has been previously used to assess concepts associations. In particular this task has shown that criminals have a clearly detectable pattern of associations regarding crimes which can be distinguished by the pattern exhibited by innocent suspects. We called this new test the Forensic-IAT (F-IAT). The method aims to reveal factual knowledge regarding autobiographical events presented in a verbal format. More specifically, with the F-IAT it is possible to evaluate which of two autobiographical events is true.

As mentioned above, we followed the general methodology of the IAT5,6. Briefly, the F-IAT measures the associations a suspect may have between a crime-related verbal description (here defined as “Guilty” sentence) and the evaluative dimension “True”. First, participants categorize “Guilty” sentences (e.g., “I killed my mother”) and “True” sentences (i.e., sentences that are surely true for the respondent such as “I am in front of a computer”) on the same computer key and “Innocent” sentences (e.g., “I did not kill my mother”) and “False” sentences (i.e., sentences that are surely false for the respondent such as “I am flying”) with a different key. Please note that only one amongst the “Guilty” and “Innocent” sentences could be true for the respondent.  Participants, subsequently categorize “Innocent” sentences and “True” sentences on the same computer key and “Guilty” sentences and “False” sentences with the other key. For all the experiments reported below responses were grouped by congruency and incongruency. Congruent responses are those in which there is a correspondence in response mode between sentences describing what has really happened to the participants  and “True” and sentences describing what has not happened  and “False”. Incongruent responses are those in which there is a correspondence between what has really happened and “False” and a correspondence between what has not really happened and “True”. Congruent responses are expected to be faster than incongruent responses. The associations of interest are indexed by means of the difference between reaction time (RT) for the incongruent condition minus reaction time for the congruent condition.
In Experiment 1 we examined whether the F-IAT could reliably predict which of two cards was spontaneously selected by the participants (N = 37; 8 male and 29 female, age range 19 -30 years). Participants were requested to pick one of two playing cards (e.g., the card “4 of diamonds” and the card “7 of clubs”) and to memorise it. They were requested to classify, by responding with two separate keys, uppercase sentences as “True” or “False” whereas lowercase sentences were classified as “4 of diamonds” or “7 of clubs”, for details see Supplementary Information. The results from the F-IAT test are shown in Fig. 1A. Statistical analysis (analysis of variance) indicates that RTs for the congruent condition (i.e. when participants responded with the same key to sentences related to the selected card and “True”) were faster than those for the incongruent condition, i.e. not selected card and “True” (P <.00001, η2=.516). This signifies that a strong association between the selected card and the “True” statements was detected. The high accuracy of the method was confirmed by using the Receiver Operating Characteristic (ROC) analysis7 (AUC = 0.985; see Fig. 1B). This analysis allows for the calculation of a method diagnostic efficiency. Performance of the F-IAT in the card test outperformed classification accuracy based on alternative procedures of lie detection techniques such as the Guilty Knowledge Test8 (AUC = 0.80) and fMRI based lie detection techniques9 (AUC = 0.80) and it classified accurately 35/37 participants. 

In Experiment 2 we further tested the accuracy of the F-IAT using a mock crime task.  In this task 15 participants (7 males and 8 females, age range 23-30 years) were asked to enact a mock crime. They were instructed to enter the office of a teaching assistant and steal a CD-ROM containing a copy of a neuropsychology exam. A control group of 15 innocent suspects (8 male, 7 female, age range 21-29 years old) were asked to read a press report describing the mocked criminal act. In this experiment we were looking for associations between “Guilty” sentences (N = 5) describing the mocked criminal event (e.g., “I stole a CD-ROM containing the exam”) and sentences which were undoubtedly “True” (e.g., “I am in front of the computer”) for the responder (for more details, see Supplementary Information). Statistical analysis revealed that responses were faster for the congruent than for the incongruent condition (P <.00001, η2=.684, see Fig. 1C). The discrimination between the “Guilty” and “Innocent” suspects using the ROC curve yielded an AUC =0.958 (see Fig. 1D). All the “Guilty” suspects showed a strong association between “Guilty” sentences indexing “I have stolen the CD-ROM” and “True” sentences. Therefore they were all correctly classified as guilty. Whereas 13 out of the 15 innocent suspects showed a strong association between the “Innocent” sentences  (“I did not steal the CD-ROM”) and the “True” sentences. As in Experiment 1, the F-IAT again outperformed classification accuracy based on the Guilty Knowledge Test on (AUC=0.87) 12.

 
Experiment 3 applied the F-IAT in a more ecological setting. Specifically, we investigated the accuracy of our methodology in detecting illegal behaviours such as drug usage. Fourteen drug users (13 males and 1 females, age range 23- 45 years) with at least 5 years of both heroin and cocaine use were examined in a Drug Abuse Unit. Half of the participants were administered a version the F-IAT to investigate their previous use of cocaine. The other half were administered a version of the test as to investigate their previous use of heroin. The participants tested about cocaine addiction were expected to respond faster to “Guilty” sentences such as “I made use of cocaine” if they shared the same motor response with “True” sentences (and “Innocent” sentences like “I never used cocaine” with “False”). Similarly, for the participants tested for heroin addiction “Guilty” sentences such as “I made use of heroin”, were expected to be responded faster if they shared the same motor response with “True” sentences and “Innocent” sentences like “I never used heroin” with “False” sentences (for more details, see Supplementary Information). As predicted such association brought to faster RTs for the congruent (1601 ms) than for the incongruent condition (2234 ms, F(1,12) = 24.389, P <.00001, η2=.670). As for the previous applications of the F-IAT this pattern was evident not only at group level but also at individual level. Specifically, this pattern was observed in 6 out of 7 cocaine users and for all the heroin users. Similar results were obtained in a further experiment aimed at discriminating cigarette smokers from non-smokers. 

It might be argued that the events reported in Experiments 3 were events repeated over time. Therefore, they might be part of the subject’s self description rather than tapping into autobiographical memories. To ascertain the efficiency of the F-IAT in detecting single autobiographical events limited in time and space (which is the main characteristic of the most frequent format of testimony) we conducted a further experiment. In Experiment 4 twenty participants (8 males and 12 females, age range 19-53 years) were first requested to fill out a questionnaire about their last vacations, reporting places where they went for real (e.g., “Last summer I went to New York”) and places where they did not go (e.g., “Last summer I went to Paris”). The objective of the experiment was to determine whether the F-IAT could correctly identify the actual last vacation (“Guilty” sentences) performed by the examinee. Clearly, we were looking for the association between the actual last vacation with “True” and the faked last holiday (“Innocent” sentences) with “False”. The “Guilty” and “Innocent” sentences varied individually on the basis of the information collected before the experiment started. Ten sentences (five “Guilty” and five “Innocent” sentences) were intermingled with “True” and “False” sentences, for more details see Supplementary Information. As for the previous experiments, the congruent condition was faster (1041 ms) than the incongruent condition (1260 ms, F(1,19)= 40.101, P < .00005; η2=0.679). Individual subject analyses revealed that for 18 out of 20 participants we were able to detect their last real vacation place.

A possible problem related to the experiments reported here is that the participants were not exposed to the high level of stress typical of an investigative setting. Indeed, an important challenge for experimental studies of deception is to use a valid setting comparable to real settings where subjects may lie or conceal spontaneously. Therefore we decided to run an additional experiment (Experiment 5) in which participants were highly motivated at passing the test. The main feature of the experimental group was that all participants had their driving licence suspended for excessive alcohol blood level. The test was included as part of a routine medical and psychological assessment that, only if passed, would allow for the reinstatement of the driving licence. The experimental group consisted of 25 drivers with suspended licence (22 males and 3 females; age range 18-73 years). The control group consisted of 25 participants matched for age, education level and gender who were never caught while driving with an excess alcohol blood level as confirmed by their driving licence track record. Five “Guilty” sentences related to driving-while-drunk were presented to the participants together with five “Innocent” sentences related to driving-while-drunk (“My driving license was not suspended because I was drunk”), for more details see Supplementary Information. Results for this experiment are reported in Fig 2A. Responses for the congruent condition were faster than those for the incongruent condition (P < .00001, η2=.400). These results indicate a strong association between “Guilty” sentences such as “My driving license was suspended because of alcohol” and “True” statements. For both the alcoholic-drivers and the control group 22 out of 25 were correctly classified. Furthermore, the discrimination between alcoholic drivers and controls using the ROC curve yielded an AUC =0.92 (see Fig. 2B).

Finally, in Experiment 6 we validated this procedure with real criminals. The two examinees were allegedly guilty and classified as mentally insane on the basis of a forensic psychiatric assessment. Both were under medication and were examined in a Forensic Mental Hospital. The first examinee (D.E.), attempted to kill his two sons. Administration of the F-IAT to this subject revealed that he was faster in responding to the congruent stimuli (4296 ms, 5 crime-related sentences such as “I attempted to kill my children” /  “True”) than for the incongruent stimuli [6733 ms, “I did not attempt to kill my children” /  “True”; t(119) = -3.336, P <.0001]. This indicates a strong association between the “Guilty” episode “I attempt to kill my sons” and the attribute  “True”. The second examinee, C.S., was found guilty of killing his mother. Response time (1019 ms) from the congruent condition (e.g., “Guilty” sentence: “I killed my mother” / “True”) was significantly faster [t(119) = –9,611, P <.0001] than response time (2213 ms) from the incongruent condition (e.g., Innocent sentences: “I didn’t kill my mother” /  “True”). This pattern reveals a strong association between having “killed my mother” and “True” sentences.   

Altogether, these experiments provide compelling evidence that concealed autobiographical knowledge can be detected with high accuracy using implicit measures of associations. To our knowledge this is the first demonstration of detectable associations between autobiographical events and the “True/False” attribute presented as printed sentences. Therefore, the F-IAT provides a flexible and highly accurate method for detecting implicitly concealed knowledge. It is flexible because it can be used to submit the suspect virtually any type of factual information in a verbal format. It is accurate because it can detect concealed knowledge not only at group level but also at individual subject level. For instance, here we were able to exactly classify 91% of the participants. Vulnerability of lie detection techniques to countermeasures is another important issue. Effective countermeasures to polygraphic assessment are quite easy to implement. Furthermore fMRI-based lie detection9 can be easily faked by intentional head movements or by having the suspect covertly engaging in a cognitive task (such as backward counting) that activates the “deception” frontal network. By contrast, there is evidence that the IAT is quite insensitive to faking10,11 and therefore this renders the F-IAT an interesting method also from this point of view. Hence the F-IAT has the potential to provide vital insights for lie detection procedures in investigative and forensic settings while opening important neuroethical issues12.
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Figures captions

Figure 1. Results for Experiments 1 and 2. (A) Graphical representation for the interaction between group and stimulus pairings for Experiment 1. Participants who selected card “4 of diamonds” were faster when “Guilty” sentences were paired with “True” sentences and similarly participants who selected card “7 of clubs” were faster when “Innocent” sentences were paired with “True” sentences. Congruent responses were faster than incongruent responses. In all the experiments reported here 60 stimuli were presented in the congruent condition and 60 stimuli in the incongruent condition. Each stimulus category (“Guilty”, “Innocent”, “True” and “False”) was represented by five stimuli which were repeated three times. (B) Representation of ROC for Experiment 1. The ROC curve indicates the sensitivity of a diagnostic procedure in classifying subjects in two groups (in this case “Guilty” and “Innocent” participants). The area under the ROC curve assumes values between 0 and 1, such that an area of 0.5 means the two distributions are undifferentiated and no discrimination is possible. An area of 1 means that there is no overlap between the two distributions and therefore a perfect classification of “Guilty” and “Innocent” examinees would be possible. The AUC approaching 1 indicates the high level of accuracy of the F-IAT in identifying which card was selected by the participants. (C) Graphical representation for the interaction between group and stimulus pairings for Experiment 2. “Guilty suspects”, who enacted the mock crime, were faster when “Guilty” sentences were paired with “True” sentences and similarly “Innocent suspects” were faster when “Innocent” sentences were paired with “True” sentences. (D) Representation of ROC for Experiment 2. The AUC approaching 1 indicates the high level of accuracy of the F-IAT in identifying “Guilty” and “Innocent” suspects. Sensitivity refers to the percentage of “Guilty” suspects correctly classified as “Guilty”. (1- Specificity) refers to the percentage of “Innocent” suspects erroneously classified as “Guilty”.

Figure 2. Results for Experiment 5. (A) Graphical representation for the interaction between groups and stimulus pairings for Experiment 5. Participants who had their driving licence suspended because of alcohol were faster when “Guilty” sentences were paired with “True” sentences and similarly controls were faster when “Innocent” sentences were paired with “True” sentences. (B) Representation of ROC for Experiment 5. The high AUC indicates the high level of accuracy of the F-IAT in identifying drivers with suspended license and control participants. Sensitivity refers to the percentage of “Guilty” participants correctly classified as “Guilty”. (1- Specificity) refers to the percentage of “Innocent” participants erroneously classified as “Guilty”.

E’ il caso di spiegare perché?











