Building and Testing a Polygraph 

Group W8

DONAVANIK, DANIEL; KATZ, RONEN; KIM, SO MIN ANNE; KIM, WOO J; LILLANEY, PRASHEEL V

1. Introduction 


Research in psychology and communication has resulted in evidence that physical and neurological responses are inherently tied to the cognitive processes associated with interpersonal communication2,3,4.  This is due to the fact that even in the course of relatively low-stress interactions, the individual in face-to-face situations must monitor a wide range of visual and auditory “channels”; thus, there is the need for a tremendously efficient allocation of nervous resources which extends far beyond the informational content of the exchange.  The polygraph technology is based on the realization that changes in physical stasis may be observed and recorded in a manner useful for analyzing the acute psychological state of a subject; these changes may include variation in heart rate, respiration rate, and blood pressure over time1.  The aim of this experiment is to test the effectiveness of a single-parameter polygraph in the sampling and recording these changes, in a manner suited to the analytical detection of the particular stresses wrought upon a subject when he or she is telling a lie.


Functionally, the polygraph must be used in tandem with one or more psychometric tests, the goal being to amplify any induced physiological responses in a systematic and easily quantifiable way.  The Guilty Knowledge Test (GKT) is one such procedure which has been used by psychologists in conjunction with the polygraph to effectively evaluate the subject’s knowledge of a sensitive topic (in practice, often of criminal wrongdoing) 6,7.  The psychological literature suggests that, much the same as in lying, the voluntary concealment of such knowledge induces measurable nervous distress and the related physical manifestations.  One of the most recent GKT studies done by Elaad (1997)2,6 showed that the polygraph could determine true positive with 76% accuracy for a group of guilty subjects, and a true negative with 100% accuracy for a group of innocent subjects.  

Based on these results, the goal for this project is the measurement of the change in a subject’s respiration rate over time using a thermistor, and the establishment of a proprietary set of guidelines for the analysis of associated data. The project includes the following specific aims: 

· Design a respiration monitor using a thermistor 

· Detection of physiological responses to increased cognitive load 

· Distinguish between true positive/negative and false positive/negative

2. Materials and Methods

2.1 Circuit Design 


Two full bridge circuits were used to carry out this experiment.  In the original circuit design (Appendix A), the left side of the bridge consisted of the thermistor (10 k-Ω variable resistor) in series with a 100 k- Ω reference resistor.  The right side of the bridge was made up of three reference resistors and a 100 k-Ω potentiometer (set at 50 k-Ω).  


The thermistor was attached to a headset which was placed on the subject.  The headset was adjusted so that the thermistor was approximately 1 cm away from the nose.  


In the modified circuit (Appendix B), the left side of the bridge consisted of the thermistor (10k-Ω variable resistor) in series with a 10 k-Ω reference resistor.  The right side of the bridge was made up of a 10 k-Ω resistor and a 50 k-Ω potentiometer set at 10 k-Ω. A capacitor (0.047 F) was connected across the two bridges along with the DMM in order to act as a low pass filter.  The modification of the original circuit through the addition of a filter as well as the alteration of reference resistor values generated a clearer, more sensitive signal allowing for more accurate data analysis.  

The thermistor was taped to the subject’s face using medical adhesive tape, such that the head of the thermistor was positioned approximately 1 cm into the subject’s nasal passage. 


In both circuits, a time marker device was connected to the VI and was viewed simultaneously with the thermistor through two Voltage-time graphs. 

2.2 Experimental Protocol 


Two different Guilty Knowledge Tests were used with the circuit to evoke different physiological responses: the card test and the innocent-guilty test.  In the card test, the subject was instructed to pick a card from a series of 5 cards. The card was noted by an observer as well as the subject.  Neither communicated the identity of the chosen card to the examiner. The examiner then went through the cards one by one, revealing a card every 10 seconds.  The subject was previously told to answer “no” to each card, denying that none of the cards are his. Meanwhile, the voltage signal was recorded for the subject and the time at which the subject denied his card, and therefore lied, was noted by the observer.  

The second test was the guilty-innocent test. Two subjects were divided into two groups: the control (the innocent) group and the experimental (the guilty) group. The guilty subject was instructed to steal an object out of a designated area of the lab, while the innocent subject remained completely uninformed.  Each subject was then asked four questions in an isolated location by the examiner.  During questioning, the examiner was oblivious to which subject was guilty. Each question, relevant to the crime, had five choices with one choice in which the guilty subject should answer “yes.” The subjects were not asked to pick an answer, but instead they were instructed to respond “no” to all of the choices.  Again there was an outside observer who noted which subject was guilty.  Therefore the time at which the guilty subject lied was known prior to data analysis of the voltage-time graph. 

2.3 Data Collection  


The Lab View software package was used to create a V.I. that could monitor two channels simultaneously, thereby allowing the collection of data on the breath rate of the subject within each designated question and answer time period. On the first channel each respiratory cycle was displayed on the voltage-time graph as a series of sine waves, consisting of a decreasing voltage signal corresponding to exhalation (temperature increase) and an increasing voltage signal corresponding to inhalation (temperature decrease). The second channel was connected to an event marker, which upon triggering created a voltage spike for the beginning and end of each respiratory period.  The event marker was triggered for the card test every time a card was revealed to the subject. Similarly for the G/I test, the event marker was triggered every time the examiner introduced a new choice to the subject. 
2.4 Data Analysis 


Since the “lying” periods were known prior to data analysis, the breath rate for those “lying” periods was separated from all other breath rates.   Statistical analysis was performed on the data collected from each subject. The Student’s T-test was performed between the set of data for which the subject told the truth and the set of data for which the subject told a lie. The T-test was set at a 95% confidence level assuming unequal variance with the null hypothesis that there was no difference between the response respiratory frequencies. The null hypothesis was rejected when the T-statistic value was greater than the absolute T-critical value. In accord with the research stated above the card test values of breath rate during the periods where the subject lied should be greater than those where the subject told the truth.  The same should be true for the G/I test.  Furthermore for the G/I test, the comparison of results of the statistical analysis and the data obtained by the passive observer led to the classification of the subject as a  true positive, true negative, false positive or false negative. 

3. Results

The Wheat-stone bridge circuit with the low pass filter proved to be efficient in recording a subject’s breath rate. The response time of the circuit was fast enough to instantly differentiate between quick short breaths and long deep breaths. A second parameter measured by the circuit was the frequency of breath rate. 

When the subject was instructed to take short quick breaths for the first 120 seconds, it was found that the peak to peak amplitude was 0.06 V (Figure 1). When the subject was instructed to take deeper and less frequent breaths thereafter, the peak to peak amplitude was found to be 0.14 V. 

Figure 1. Voltage-Time graph of normal breath rate
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For the card test, the average breath rate when the subject was not lying over a period of 10 seconds was (0.271 ± .169) breaths/second at a 95% confidence level. The average breath rate when the subject was lying was (0.340 ± .152) breaths/second. Over a 20 second time period, the average breath rate when the subject was not lying was found to be (0.230 ± .098) breaths/second. The average breath rate when the subject was lying was found to be (0.290 ± .116) breaths/second (Figure 2). 

Figure 2. Voltage-Time graph of Card Test Trial 8 (20 second intervals)

[image: image7.emf]R1 – Thermistor (10 kΩ at 25°C)

[image: image2.emf]Card Test Trial 8

0.3

0.35

0.4

0.45

0.5

0.55

0 250 500 750 1000 1250 1500

Time (deciseconds)

Voltage (V)

Card 1 Card 2



Card 5



Card 4



Card 3


Confidence intervals for “truthful”, “lying”, and “ambiguous” statements were developed from the dataset.   For the card tests at 10 second intervals, the 95% confidence interval for the breath rate in which the subject was telling a lie was [0.188, 0.492] breaths/second, and that for which the subject was not telling a lie was [0.103, 0.440] breaths/second. It was found that the subject is being truthful if the breath rate falls between [.103, 0.188], is lying if the breath rate falls between [0.440, 0.492] and is ambiguous if the range falls between [0.188, 0.440] 95% of the time. For the card tests at 20 second intervals, the 95% interval for the breath rate in which the subject was telling a lie was [0.174, 0.406] breaths/second and that for which the subject was not telling a lie was [0.132, 0.329] breaths/second. It was found that the subject is being truthful if the breath rate falls between [.132, 0.174], is lying if the breath rate falls between [0.329, 0.406] and is ambiguous if the range falls between [0.174, 0.329] 95% of the time. 

Analysis of the Card Test data showed that the breath rate could be used to distinguish between true and false statements.  Two sample t-tests assuming unequal variances were performed on the breath rate frequencies when the subject was telling the truth versus when the subject was telling a lie. For card tests at 10 second intervals, the t-stat was found to be -2.41 and the t-critical was found to be 1.89, whereas the t-stat and t-critical for card tests at 20 second intervals were found to be 2.80 and 1.89, respectively. It was found from these values that the means of the breath rate frequencies were different with 95% confidence. 

During the Guilty-Innocent test the breath rate of the innocent subject (Figure 3) for a committed crime was found to be fairly consistent. At the “suspicious” choices the subject’s average breath rate was (0.338 ± 0.134) breaths/second. For the rest of the choices the subject’s average breath rate was (0.360 ± 0.113) breaths/second. The t-test on the “suspicious” versus other choice data yielded t-stat of -1.18 and t-critical 1.75, leading to the failure to reject the null hypothesis that the corresponding breath rates were the same at a 95% confidence level. 

The breath rate of the guilty subject (Figure 4) for a committed crime was also found to be fairly consistent. On the “lying” choices the subject’s average breath rate was (0.400 ± 0.088) breaths/second. For the “truth” choices the subject’s average breath rate was (0.306 ± 0.072) breaths/second. The t-test on the “lying” versus “truth” choice data yielded t-stat of 1.16 and t-critical 1.75, again leading to the failure to reject the null hypothesis that the corresponding breath rates were the same at a 95% confidence level. 

Figure 3. Guilty-Innocent Test for an innocent subject             Figure 4. Guilty- Innocent Test for a guilty subject
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4. Discussion 
The statistical analysis performed on the card test showed that true responses could be differentiated from false responses.  For the guilty/innocent test, the innocent subject showed no difference in breath rate during suspicious periods versus normal periods, as expected.  However the guilty subject displayed no difference in breath rate during lying periods versus normal periods, which was not expected.   

The initial circuit design (Appendix A) yielded results subject to significant noise, thereby the voltage signal was not sensitive enough to detect the exact number of breaths taken in a given period. Hence the circuit was redesigned (Appendix B) to replace both of the 100 k-Ω resistors on the bottom part of the circuit with 10 k-Ω resistors to increase sensitivity. In addition, a low pass filter was integrated into the circuit to reduce noise by connecting a capacitor across the bridge. The sensitivity of circuit B generated a signal clear enough to observe different breath rates (Figure 1). 
Statistical analysis on the card test for both 10 and 20 second periods led to the rejection of the null hypothesis that the average breath rates between “lying” and “non-lying” subjects were different since the absolute value of T-stat was greater than T-critical. Due to the fact that the standard deviations found for the 20 second trials were much less than those found for 10 second trials, the G/I test was performed using the 20 second time period.  
Based on previous research, it is expected that the subject would show a heightened physiological response when lying, as shown in the card test.  In a recent GKT studies done by Elaad (1997)2,6 showed that the polygraph could determine true positive with 76% accuracy (24% false negative) for a group of guilty subjects, and a true negative with 100% accuracy (0% false positive) for a group of innocent subjects.  In the G/I test we performed, the true positive was determined to be 0% (100% false negative) for the guilty subject, and a true negative to be 100% (0% false positive). Yet it would be superfluous to compute these percentages since there were only 2 subjects in the G/I test, hence the percentages can only be 100% or 0%.  
In order to determine the error associated with data analysis, data from the card tests was re-examined. The card test was chosen since it was determined by statistical analysis that true responses could be determined from false responses. The procedure for counting the frequencies corresponding to “lying” and “non-lying” periods was repeated and this data set was used to perform statistical analysis. With the new frequency count for the card test at 10 second intervals, it was found the subject is being truthful if the breath rate falls between [0.134, 0.196] breaths/second, is lying if the breath rate falls between [0.437, 0.444] and is ambiguous if the range falls between [0.196, 0.437] 95% of the time. For the card test at 20 second intervals, it was found the subject is being truthful if the breath rate falls between [0.135, 0.174], is lying if the breath rate falls between [0.330, 0.406] and is ambiguous if the range falls between [0.174, 0.330] 95% of the time. 
The ranges for the 10 second intervals deviated from the original ranges resulting in a decrease in the maximum limit of the “lying” range by 0.048 breaths/second, an increase in the minimum limit of the “non-lying” range by 0.031 breaths/second and an overall increase in the ambiguous interval by 0.011 breaths/second. However, the ranges for the 20 second intervals remained virtually identical to the original ranges, further supporting our choice of 20 second time intervals for the G/I tests. 
The psychological literature which precedes the polygraph reveals a host of inherent flaws in the conception of our experiment; these admittedly interfered with the validity of our findings as well as our ability to correctly interpret them.  To that end, one of the more prevalent shortcomings of our experimental design was the measurement of respiration rate as a unique parameter. By its very premise, the successful use of the polygraph (Greek poly = “many”) lies in a complex evaluation of multiple parameters feeding channels of input about a sample of the many physiological pathways which can be activated in situations of high nervous tension.  The fact that these pathways differ from individual to individual implies that the monograph we ultimately concocted, while it may have proven somewhat effective in detecting variation within the domain of an individual’s own physiological responses, was earmarked for failure at the onset of a task so great as consistently pattern-matching respiration rate and conclusions about a subject’s truthfulness.  Most significantly, it should be noted that not every subject will respond to awareness of his own dishonesty by breathing more rapidly.

The most serious flaw, however, came not from the design itself but from the constraints upon the level of emotional duress we were capable of inflicting upon our “subjects.”  Fienberg et al affirm that physiological responses to lying are inherently contingent upon exceeding the individual threshold beyond which autonomic responses compensate for the subject’s inability to manage his cognitive load2,3,4.  We tried to maximize and enhance the subject’s induced cognitive dissonance by isolating him/her behind an insulating partition; however, we ultimately were unable to filter out external stimuli enough to ensure that the subject was focused exclusively upon the task at hand.  Even more relevant was the fact that our subject pool came from within our lab group, enhancing the handicap that true emotional distress of a caliber sufficient to cause detectable autonomic responses was unlikely to be induced.  Our decision to choose subjects from this pool was grounded in the assumption that intimate knowledge of which parameters were being measured would give rise to the subject’s involuntary modulation of those channels.  Still, we were aware of the low-stakes (low intimidation) nature of our tests going into the experiment, and thus predicted that the immediate visual stimulus of the card test would marginally prove to be the more effective of our two programs; however, given the aforementioned limitations, all efforts proved comparably impotent.  

 
Based on the results obtained during the card test and the G/I test, we believe that further studies can be done with the redesigned circuit to develop an experimental protocol for use in actual real life situations.  Thus far, we have developed a protocol by which, in the event of a criminal investigation, suspects could be subjected to the following sequence of tests.  
First, each suspect would be given the card test, for two main reasons.  It was shown through statistical analysis that during the card test, a subject’s respiration rate is significantly greater when lying than when being candid (0.290 ± .116 versus 0.230 ± .098 breaths/seconds respectively for 20 second intervals).  Thus we reason that the card test is an effective way to introduce each suspect to the polygraph, demonstrating that the examiner can actually tell when he is lying.  Secondly, the card test allows the examiner to establish subject-specific ranges for breath rate when the subject is lying versus when he is not lying.  
Next, the examiner can give each suspect the G/I test and perform statistical analyses on the breath rates of the subject when the suspicious choice was presented versus when all the other choices were presented.   In the G/I test performed during this lab it was shown that the guilty subject did not show a heightened breath rate when lying.  But as discussed above this lack of heightened physiological response was due to the limitations of the experimental design in this lab.  In real life situations where the “stakes” are raised, actual guilty suspects would be put under more pressure and would be more prone to showing some degree of response to suspicious choices.  Yet all of this speculation on the guilty subject’s response during the G/I test is only based on psychological theory since there were no results found in this lab to explicitly demonstrate this heightened physiological response.  Continuing with further work would create an opportunity to develop a better procedure that could illicit a heightened physiological response from the guilty subject during the G/I test.  It should be noted that this new procedure will also have to be developed such that innocent subjects do not fall into the false positive category as well.  
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Appendix A. The Original Circuit Design
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Appendix B. Modified Circuit Design
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