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INTRODUCTION
Democratic societies constantly struggle with the conflicting demands of pro​tecting the rights of individuals, and of upholding the laws of society. This conflict is especially acute in the area of lie detection, a service commonly delivered by the profession of polygraphy. This paper is concerned with the polygraph in its forensic context, which includes both criminal and industrial applications. The use of the polygraph, moreover, is generally increasing, although there are marked differences in patterns of use. For example, in Japan, the polygraph is employed almost solely by the police and forms a part of  'police
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science' (Fukumoto, 1982), whereas in North America its industrial use is at least as frequent as its (criminal) court-related use (Saxe, Dougherty, & Cross, 1985).
Polygraph practioners argue that deception can be detected by using a scientifically-based interview technique known as the poly graphic examination. The focal point of the polygraphic examination is the measurement of subtle changes in physiological functions like skin resistance and blood pressure. These subtle changes are predominantly under the control of the autonomic nervous system, and are often characterised as 'involuntary', because people are neither aware of the changes, nor are they able to produce them at 'will' or when instructed to do so. To most, the basic assumption underlying the poly​graphic technique is that the polygrapher can detect deception in an individual by assessing his/her physiological reactions to questions relating to the crime or other critical events of interest.
The assumption that polygraphic techniques can accurately detect deception can be assessed in two ways. First, the accuracy of the polygraphic examination as a whole can be evaluated; and second, and more specifically, the value of the psychophysiological component of that polygraphic procedure - ie, the infor​mation gleaned from the physiological measurements - can be isolated (in the experimental sense of controlling for non-physiological-information factors), and hence assessed. The first approach is typically used in the available research on polygraphy and focuses on the question of the overall accuracy achieved by the 'competent' polygrapher. We shall review this literature. However, based on this review, we shall recommend adopting the second approach of evaluating the psychophysiological component for assessment. The recommendation to adopt a specific-effects-oriented logic of evaluation has been detailed elsewhere in the case of biofeedback (Furedy, 1984, 1985b, 1987a), and similar reasons for the approach apply to the case of polygraphy. In brief, our contention is that a (scientific) psychophysiological analysis should be one where the claimed specific benefit of a technique can be assessed in isolation, after the removal (in the experimental sense of controlling for the influence) of other complicating and confounding factors that are inherent in the complex interview situation that makes up the polygraph examination as a whole. While this sort of isolation may be difficult to achieve in practical terms, the approach allows for the scientific evaluation of the influence of physiological changes on the outcome of the polygraphic procedure.
In addition to the strictly scientific, psychophysiological issues in evaluating the polygraph, there are also important societal implications that arise from the practice of polygraphy, and these are related to the scientific issues. For example, as we shall see, according to practicing polygraphers, an important function of the polygraph is not only its use as a detector of deception, but also its use to induce confession. The latter function can be considered to be a valid part of polygraphy, if it is assumed that all confessions are true, but this assumption has
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doubtful scientific credibility (see, eg, Furedy. 1985a). It is, therefore, necessary both to consider societal issues along with the scientific ones, while striving to draw clear distinctions between them as well. To begin the analysis, we consider and distinguish between various patterns of polygraphic use.
PATTERNS OF USE

In considering the various uses, it is important to make certain distinctions between different contexts. For example, when the polygraph is used as direct evidence in criminal contexts, the outcome is open to critical appraisal in general terms (ie, whether the technique should be admissible as scientifically based evidence) and on specific procedures (eg, whether the polygraphic test in question is appropriate to the case, and whether it has been properly adminis​tered according to professional polygraphic standards). On the other hand, in the industrial, suspect-generating ('fishing-expedition') use of the polygraph, the outcome generally receives no critical appraisal. This has grave societal implications.
The detecting and manipulative functions of the polygraphic examination should also be distinguished. The latter function involves the elicitation of behavior: confessions in the criminal context, and a deterrent effect on behaviour such as employee-theft in the industrial context. Because the detecting and manipulative functions are different, and may even conflict, this distinction is important for any overall evaluation of polygraphy. Such an evaluation needs to take into account the special problems that arise from the nature of poly​graphy. One such problem is that since the polygraphic examination is not standardized, it is not possible to specify, even after the event, the relative roles of the detecting and manipulative functions. There is also sharp disagreement about the value of polygraphy's manipulative function, especially in the criminal context. Specifically, most polygraphers consider confessions to be necessarily true, and therefore an irrefutable source of verification for the detecting function. Clearly, however, there is the logical possibility that certain confessions may be false, and Lykken (1981) has argued that there is strong evidence that many such 'fourth-degree' induced confessions are, in fact, false. In this view, the manipu​lative function, far from serving as a criterion for the validity of detection, actually interferes with polygraphy's deception-detecting function.
Criminal Use

This category includes contexts where police involvement has been suffi​cient to lay charges which are, eventually, evaluated in a court of law.
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Direct Evidence
In many US jurisdictions (and also Japan), the actual results of a polygraphic examination have been ruled as admissible evidence in courts of law (Ansley, 1983; Saxe et al., 1985; Smith, 1981, 1982). This ruling implies that the polygrapher is viewed as an expert in determining whether a given witness has been truthful or deceptive. Supporters and opponents of the polygraph have focussed attention on the question of whether it should be admissible as evidence. However, even if the decision to admit is made, the question of the evidential status of polygraphy remains.
At one extreme is the view that polygraphy is infallible. Then, as portrayed in numerous science-fiction novels, the fact-finding role of the jury is abrogated, and the trial becomes one 'by polygraph' (Lykken, 1981). Few modem poly-graphers explicitly subscribe to the doctrine of polygraphic infallibility, al​though, as part of the polygraphic examination, they attempt to convince each examinee of this infallibility doctrine. For non-examinees like jurors, however, there is a modified infallibility claim that may be quite convincing. The individual polygrapher, with his many years of experience, states that the present case is such a clear one that he is certain that his own judgment is correct, even if polygraphy, in general, may not be infallible. There is some evidence that polygraphers may be successful with this lesser claim of infallibility in that the perceived guilt of the accused by the jury may significantly increase as a result of the inclusion of such evidence (Cavoukian & Heslegrave, 1980). Neverthe​less, even this weaker claim is likely to be challenged, as long as the adversary legal process is working appropriately. In this regard, the study by Cavoukian & Heslegrave (1980) also revealed that the impact of polygraphic evidence can be mitigated or even eliminated by appropriate cautions, or by alternative testimony that criticizes this infallibility claim.
Given that polygraphic evidence, as any other type of evidence, is subject to error, estimating the accuracy of polygraphy as evidence poses considerable difficulty. As detailed below, special problems arise for polygraphic evidence from such sources as: (a) the procedure's lack of standardization, and (b) the conceptual weakness in the scientific rationale of a procedure that employs 'control' questions which are not 'control' ones at all in the scientific sense of that term.
Indirect Evidence
Even if a polygraphic examination is not given, the very existence of this option can serve as indirect evidence of guilt. Polygraphers maintain that if one is innocent, one has 'nothing to worry about' as a consequence of taking a polygraph examination. It follows from this position that a person who refuses to take a polygraph, he/she may have something to hide.
However, a much more powerful source of indirect evidence arises from the confession-inducing function of the polygraph. Even where the polygraphic
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evidence itself is not admissible, a self-incriminating confession is. Such evidence is potentially powerful, because it is commonly assumed that this sort of confession is inevitably true, unless physical abuse has been used to force the confession. The problem, however, is that there may be psychological forces operating which produce false confessions. This is especially so when, as in a case involving a second-degree murder charge, the question being examined is not concerned with physical acts (eg, the shooting of person X in place Y on date Z), but with mental states and intentions (eg, whether the examinee knew that an alleged co-conspirator was carrying a gun on his way to a robbery). In such instances, a genuine confusion may arise in the (guilt-laden) examinee's mind between legal and moral responsibility. He may (falsely) confess to certain ambiguous intentions but later (correctly) argue that he was merely confessing his moral guilt (eg, he should have checked to see whether the alleged co-con​spirator was carrying a gun). In addition to these emotional problems, there are also cognitive problems with such questions. These include: (a) the possibility that the examinee simply does not know now whether or not be knew a fact at an earlier time, and (b) the set of problems associated with retrospection, which can often be in error, as has been well documented in the case of eyewitness testimony (Loftus, 1979, 1980).
Investigative Use
This use ranges from employing the polygraph to determine the nature of the charge, to viewing it as merely supplementing clues provided by other sources. The investigative-aid useage of the polygraph is probably incontrover​tible as having at least some validity. The problem is that this initial investiga​tive-aid usage may turn into the (sole) evidence used to determine the charge, especially if the polygraphic examination induces a confession. In this connec​tion is also important to recognize that an elicited confession can be damaging even if it is not related to the incident under investigation. If a suspect admits to some transgression that is unrelated to the incident, this may be sufficient for action on the part of the police or the employer.
Industrial Use
In this use, the nature of the industrial 'product' is an important determinant of the relative costs of errors of omission (letting the guilty go undetected) and commission (falsely accusing the innocent). When the industrial product is security, omission errors are viewed as most serious, although, of course, from the innocent individual's perspective, the cost of commission errors can be considerable. More commonly, the industry in question is not a security organ​ization, and then the errors of commission are the most significant from all perspectives.
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The danger to the innocent is increased by exposure to repeated polygraphic examinations as the industrial use becomes more frequent. In this sort of testing, one failure is all it takes to ruin a career, even if no formal charges are laid. This repeated-testing danger does not exist in the criminal case, where it is unlikely that an innocent person would be repeatedly suspected of various crimes. Also, whereas in the adversarial court system the polygraphic results are apt to be challenged by the defence, no such analogous mechanisms for challenge exist in the industrial use of polygraphy. It is interesting to note that although Lykken (eg, Lykken, 1978, 1979) and Raskin (eg, Raskin & Podlesny, 1979) disagree sharply about the accuracy of polygraphy in the criminal context, they agree in their opposition to its industrial use in all of the three categories listed below.
Suspect Generation
Consider the case where a theft has occurred in an organization; the evidence indicates that an insider (or insiders) is (are) responsible, and all employees deny their guilt. Therefore at least one must be deceptive. 1b the management, the option of calling in a polygrapher is attractive. Even if the wrong person is accused, the incident of theft is likely to decline (ie, the manipulative function of polygraphy). Moreover, the management typically does not formally charge employees who fail the test (this is not simply benevolence; it also reflects the fact that formal charges are much harder to prove), and may not even fire them. However, a failure on a polygraphic examination is obviously not helpful for career advancement.
Employee screening
In this context no specific crime has occurred, but employees are periodically checked for their 'honesty' or 'loyalty' by being requested to take a polygraphic examination. In most respects the advantages and disadvantages of this proce​dure are the same as in suspect generation. An important added problem is that the subject of examination is not a specific issue or crime, but rather the more general concept of honesty. Contrary to popular opinion, it is not possible to classify people as being, in general, more or less honest, but only with respect to specific situations.
Employee selection
An additional complication in this use of polygraphy is that the examiner may choose to ask questions that are not job related. A clear example of such a question would be one about sexual habits and preference asked of applicants for a banking position. Polygraphers deny the charge that they ask such ques​tions. However, the difficulty is that it is sometimes not so easy to distinguish between what is and is not related to the job, and the lack of standardization of the polygraphic examination adds to this difficulty.
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On the other hand, in comparison to the other two industrial uses, the consequences of unfairly failing a polygraph are not as serious for the individual, as long as the results of the polygraph are kept confidential. There are many reasons for failing to get a job, so that errors of commission in this context are not as injurious to the reputation of the individual.
PSYCHOPHYSIOLOGICAL ISSUES

As background to discussing the psychophysiological issues, we shall begin by providing a description of the polygraphic examination as it is practised by members of the American Polygraph Association, or APA (see Barland & Raskin, 1973). A central feature of the APA's method is the use of the so-called control-question technique (CQT), and we shall therefore go on to consider the CQT from a scientific, psychophysiological perspective. Finally, we shall consider the factors that contribute to error in CQT polygraphy.
Description of the Current 'Version of the Polygraphic Examination: CQT Polygraphy
The polygraphic examination is a process that generally lasts from sixty to ninety minutes. It has two phases: the initial interview, and the polygraphic test. The first phase, lasting between 30 and 60 minutes, is used to establish rapport with the interviewee, to work out the exact form of the questions to be asked, to convince the interviewee (often by means of a trick test) of the infallibility of the polygraph, and to ensure that the polygraph is in working order in the sense that the physiological changes are being clearly recorded. During this time, the polygrapher seeks to present a very 'professional' image.
Current polygraphic equipment usually records four functions. The first function is the 'GSR' (galvanic skin response), called the 'galvano' channel by polygraphers. It is the short-term change in skin resistance (or conductance) that is elicited by most stimuli one or two seconds following the stimulus, and lasting two or three seconds. Two more channels record changes in respiratory activity, through transducers placed around the chest ('upper') and stomach ('lower'). The final channel, known as the 'cardio' function by polygraphers, is the approximate mean of the systolic and diastolic blood pressures. This is recorded by a pressure cuff on the arm. Using the mean pressure, the polygrapher gets a continuous, beat-by-beat estimate of relative (up vs down) changes in pressure. Tb obtain this 'cardio' measure, the cuff has to be kept continuously inflated between the systolic and diastolic levels. Although not painful, this procedure seriously detracts from the ideal psychophysiological measure which, in order to minimize errors of measurement, should be completely unobtrusive (see Furedy, 1983a).
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Except for respiration, the measured changes are under autonomic rather than voluntary control, and the subject is not normally aware of them. Even in the case of respiration, given that the changes being measured are quite small, and that the interviewee is told not to make any gross changes in breathing, the autonomic, non-voluntary description is reasonably accurate.
The polygraphic test is based on the rationale that questions ('stimuli') that are relevant will elicit greater physiological responses in the guilty than in the innocent. However, because individual differences in physiological responsiv-ity are great, the appropriate comparison is within-subject. That is, one must compare responses by the subject to relevant questions with those by the same subject to other irrelevant questions, rather than contrasting the responses of different persons.
Early polygraphic techniques simply compared crime-relevant question (eg Did you kill X?) with irrelevant ones (eg, Where you born in year Y?). This approach poses the obvious problem that innocent subjects may respond more to the relevant question simply because it produces a greater emotional response than the irrelevant question. The current polygraphic solution to this problem is to use so-called 'control' questions. These questions are made up in consultation with the interviewee during the first phase. They are designed, in the innocent examinee, to elicit at least as much emotion as is elicited by the relevant questions. For example, the polygrapher may establish during the first phase that the interviewee would feel dubious about categorically denying that he had ever stolen anything on a previous occasion. Then the polygrapher asks the interviewee to answer 'no' to the following control question: 'Did you ever steal anything in your life?' Since it is unlikely that the innocent subject can confidently and truthfully answer 'No' to this question, the question is presumed to elicit a larger response than the (clearly truthful) answer to the relevant question.
In the modern CQT examination (see, eg, Lykken, 1979), there are about 10 questions, all of which have been discussed with the interviewee during the previous interview phase. Of the 10 questions, three pairs of relevant and control questions are asked, with the remainder being irrelevant questions. In a single 'test', the questions (formulated so that the subject can answer 'yes' or 'no' to each) are presented about 30 seconds apart. After three sets of 10 questions are asked, there is a pause. During the pause, the polygrapher usually leaves the interrogation room, and evaluates the charts produced by the tests. When the polygrapher returns, more tests may be administered to resolve any ambiguity in the decision arising from the initial series of tests.
During these tests and usually after the third, the confession-inducing function of the polygraph is brought into play. By this point, the examiner has a lot of information that he has used to determine whether the examinee is deceptive. The available information includes not only the physiological respon​ses, but also the case record and the present behavior of the examinee during
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the interview. Even if the examiner is not sure that the examinee is lying, that doubt is resoluble (according to professional polygraphers) by pressing the examinee into a confession of guilt. Usually this involves asserting that the 'machine' indicates (to the examiner) that the examinee has been lying to the relevant questions. According to polygraphers about 30% of examinees break down at this point and admit their guilt (Lykken, 1981). Polygraphers argue that this confession-inducing function is really a part of polygraphy's detection function. However, this argument rests on the very debatable assumption that all such induced confessions are true.'
Some General Psychophysiological Considerations
As detailed elsewhere (Furedy, 1986), polygraphy from a scientific psycho-physiological perspective has to be evaluated in terms of its central claim of purporting to differentiate between the two psychological processes of lying and telling the truth. The difference between these two processes is quite subtle when compared to differences such as that between anger and fear. Some psycho-physiologists have reported success in using the sorts of measures used by polygraphy to differentiate between anger and fear (eg, Ax, 1953), but even this relatively gross differentiation proved to be difficult to duplicate in later studies. Accordingly, it is unlikely that physiological measures will clearly differentiate the more subtle difference between lying and truth telling. The problem is that relatively greater physiological changes may be caused by factors other than the difference between telling the truth and lying. For example, if a subject is made anxious by a question, then this anxiety can produce an increase in physiological activity even if the answer to the question is truthful. Thus in general psycho-physiological terms, the claim of polygraphy to differentiate between lying and truth telling appears to be stronger than the evidence regarding the ability of physiological measures to differentiate between psychological processes. How​ever, these considerations are general in nature. We now turn to an analysis of more specific features of polygraphy.
The Control/Relevant Question Comparison
The central assumption of the 'control-question' is that responses of the deceptive suspect to the relevant questions will exceed his responses to the control questions and the reverse will be true for the truthful or innocent suspect. These differences will serve to differentiate the deceptive from the truthful suspect. In considering this assumption, we examine the control/relevant ques​tion comparison from a scientific, psychophysiological perspective.
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Scientific vs Polygraphic Meaning of 'Control'
It is important to recognize CQT polygraphy's useage of the term 'control' is not a scientific one. In scientific usage, a 'control' condition is identical in every respect to the 'experimental' condition (ie, the one of interest), except for the critical difference being studied. For polygraphy, if the phenomenon under study is deception, and the critical difference is that between lying and truth-telling, then the control question should be identical in every respect to the relevant question except for the presence of deception in the case of the latter ('experimental')question. This does not apply to any polygraphic field situation, but only to a certain laboratory paradigms designed specifically to study the psychological process of deception (Hemsley, 1977; Heslegrave, 1981). In those paradigms, the truthful and deceptive questions were neutral biographical items (eg, Were you born on June 30?), so that emotionality was held constant between the deceptive ('experimental') and truthful ('truthful') questions (the subjects being instructed to be truthful to half the questions and deceptive to the remainder).
In addition, in Heslegrave (1981), the assignment of specific questions requiring deceptive and truthful answers was random for each subject, and different random assignments were used for each subject. This procedure removes the bias associated with specific questions, but the procedure is impossible to implement in applied (field) settings, because the nature of the questions cannot so be manipulated.
Qualitative to Semi-quantitative Scoring
An important aspect of the polygraphic examination is the interpretation of the physiological responses. Currently, there are two basic methods of scoring: qualitative and semi-quantitative. The qualitative method, which is the primary method employed by most polygraphers (whose training includes only a limited exposure to the fields of physiology, psychology, psychophysiology, and the practice of polygraphic techniques), consists of simply inspecting the shape of the responses and deciding, in a general sort of way, whether the person has been deceptive by generally responding more to relevant questions. The quali​tative scoring method would be particularly efficacious if there were a unique pattern of physiological responding associated with lying, this being the specific ' lie response'. If this were so, then many of the problems alluded to in connection with the control/relevant question comparison would disappear. They would disappear mainly because, strictly speaking, a comparison would no longer be necessary. The deceptive subject could be identified simply by the 'deceptive' pattern of physiological responding to the relevant questions, and there would be no need to even look at either the control or irrelevant questions for any comparison.
The polygrapher Marston (1938) was probably the first to introduce the notion of a specific lie response, and this idea is still popular with many
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polygraphers, although it has no evidential basis in the science of psychophysi-ology. Perhaps because individual physiological recordings are intuitively unique and striking, the notion persists in the profession of polygraphy that such qualitative scoring is accurate.
The 'objective', semi-quantitative method of scoring has more recently been adapted as the preferred method, especially since polygraphers with sound psychophysiological research credentials have documented its utility. The ra​tionale for this method - originated by Backster (1962) and improved on by Raskin (1976) - is less dependent on the assumption of a specific lie response than is the qualitative method. It need only be assumed that, in terms of some specifiable quantity, the physiological responses to the relevant questions exceed those to the control questions. The method itself classifies the differences between pairs of relevant and control questions in each response channel as a function of magnitude ranging from +3 to -3. The algebraic value of these numbers is positive to the extent that the control response exceeds the relevant response. For example, the algebraic sum of these scores over three response channels, three question pairs, and three tests determines how the subject is classified. In the example, the range of scores is from +81 to -81, and cut-off points are as follows: truthful (+6 or more), deceptive (-6 or less), and 'incon​clusive' (between +5 and -5).
Strictly speaking, the last classification refers really to the outcome of the polygraphic examination rather than to the interviewee, because it indicates merely that the test score does not permit the polygrapher to come to a decision concerning whether the interviewee is truthful or deceptive. While polygraphers consider the inconclusive category to be not a real 'decision', and eliminate these results from their estimates of validity (see, eg, Ansley, 1983), the inconclusive outcome is clearly a third category that is applied to the examinee by both the polygrapher and the polygrapher's clients. It is also obvious that this outcome affects the examinee differently from both a truthful and a deceptive outcome. One such differential consequence for the examinee of an inconclusive outcome is that the polygrapher may decide to give one or two additional tests, or even another complete examination on another occasion.
It is important to recognize that, compared to the scoring methods used in the science of psychophysiology, the 'objectivity' of the above polygraphic scoring method is severely limited, and has been labelled by its originators (Barland & Raskin, 1975) as 'semi-objective'. One basic problem is that the score (ranging from +3 to -3) is arrived at by subjective and qualitative means. Another problem is that the setting of the cutoff points (6) for inconclusives is arbitrary. On the other hand, polygraphers point out that their task is more difficult than that of the psychophysiologist, who can average over many subjects and draw statistical inferences concerning whether or not there is a significant difference between two conditions. The polygrapher is required to make a decision concerning a specific individual.
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Another arbitrary aspect of the poly graphic cutoff criteria is that there is no allowance for number of channels and number of tests. While it is true that the first number is usually three or four, and that the second number varies, in fact, usually between three and five, this still remains a problem at least in principle. This is so because, mathematically, the chances of scoring an examination inconclusive decrease as a function of the sum of the number of channels used and tests administered. These chances, indeed, asymptote towards zero as that sum approaches infinity. However, it would be possible for the polygraphers to counter that the same sort of difficulty holds for traditional group significance testing in experimental psychophysiology, where the chances of finding a 'significant' difference become near-perfect as the sample size becomes very large. It is because of this that a statistically significant difference between two groups on an IQ test is often considered to be psychologically insignificant if the difference is small and the group samples are large (eg, in the hundreds).
Accordingly, we suggest that it is only the basic scoring method rather than the cutoff criteria that suffer uniquely from subjectivity. That problem, however, is exacerbated by the fact that it is polygraphic practice to have the records scored by the examiner, rather than being 'blindly' scored by an individual who has access only to the physiological records themselves. Even when measurement is fully objective, errors from bias can creep in. That is a principle which holds not only in the biological sciences but also in such 'hard' sciences as astronomy. However, when judgment is required of the sort involved in deciding to characterize a relevant question as 'clearly' vs 'slightly' greater than its paired control, it is obvious that the biases of the observer can significantly affect the numerical values assigned. In this regard, most professional polygraphers are loath to give up their privilege of scoring their own records, if only because they need the information on the spot for inducing a confession in cases where the decision is that the examinee has been deceptive (see, eg, Lykken, 1981, Chapter 6). Yet in terms of objectivity or lack of bias, it would seem that this problem is a considerable one for the apparently 'objective' mode of polygraphic scoring. Despite this problem, field scoring is almost exclusively done by the examiner, and it is only in research that blind-scoring studies have been undertaken (eg, Horvath, 1977). One potential amelioration of this problem is represented by the efforts of Raskin and his colleagues (eg, Kircher & Raskin, 1983) to provide computer scoring of tests. This kind of objective scoring may result in superior decisions by individual polygraphers, although it must be stressed that no degree of sophistication on the measurement side can overcome the other problems such as those discussed above with regard to the scientific shortcomings of the so-called control-question technique.
Error Categories

Investigators often make claims about the accuracy of the polygraph by reporting a single accuracy estimate (eg, 78% of the decisions were accurate).
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However, strictly speaking, such reports are often misleading. One problem is that the more difficult cases in the inconclusive category are usually ignored, a practice that automatically inflates the accuracy figure. Therefore, if one wishes to estimate the accuracy of polygraphy, in general, one must be sure that the inconclusives are included. It should also be noted that eliminating the incon-clusives potentially means eliminating difficult cases, and these may not be equally divided between deceptive and truthful subjects (Horvath, 1977).
Another problem with a single estimate of accuracy for detecting deception is that the base rate for lying is ignored in this figure, and the consequences of error are often assumed to be equally applied to both innocent and guilty subjects. The following hypothetical example illustrates these difficulties. Sup​pose the detection of deception is 80% accurate, does it therefore follow that out of 100 examinees, 10 deceptive examinees will be classed as innocent, and 10 innocent truth tellers will be classed as deceptive? This, of course, does not follow, unless the lying base rate were 50%. With a base rate of 10%, for example, as may well be the case in personnel screening, 8 of the 10 deceptive examinees would be correctly classified as deceptive. However, of the 90 truth-telling examinees, 20% or 18 individuals would be wrongly classified as deceptive. Therefore the consequences of a given error rate (here, 20%) are not equally applied to deceptive and innocent examinees, but are proportionally applied to examinees, as a function of the base rates of deception in the population. It bears emphasis that in the present illustration, of the 26 examinees classified as guilty, 18, or 69%, would in fact be truth-tellers.
Accordingly, the single figure accuracy estimate is misleading, because it ignores the base-rate problem, as well as the distinction between false positive (ie, wrongly classifying the innocent) and negative (ie, wrongly classifying the guilty) errors. This distinction is also important in a qualitative sense, because the relative detrimental value of each sort of error is not equal, but depends on the context as well as the ethical biases of the evaluator. So, for example, a person stressing individual rights may find a 5% error rate acceptable for false negatives but not for false positives. Finally, as we shall see, the two sorts of errors generate quite different problems.
False Positive Errors
The major source of these errors is the problem of differentiating between the anxious innocent and anxious guilty individual. In particular, an individual classified as deceptive may simply be reacting with hyperanxiety to the relevant questions, so that it is anxiety rather than deception that is registered. It may be argued that experienced polygraphers can 'tell' whether a person is simply hyperanxious, on the basis of examining the pattern of physiological records. However, even if they were able to do this, it would not necessarily help, because the hyperanxiety may be restricted to the relevant questions only, rather than to the polygraphic examination as a whole. More importantly, however, there is
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no more evidence from psychophysiology for a unique 'hyperanxiety' response than for a unique 'lie' response.
The emphasis on false positive errors appears to vary most clearly as a function of whether one is an opponent or proponent of polygraphy. Opponents like Lykken (1981) stress both the importance and prevalence of these errors, and others like Horvath (1977) have shown that false positive error rates exceed false negative error rates. In contrast, most polygraphers consider these sorts of errors to be quite rare among competent examiners, and almost non-existent in their own, individual experiences. One explanation for this confidence is the availability of the 'inconclusive' category for doubtful cases. This argument is less than compelling if only because the assignment of this category is arbitrary. Moreover, it seems misleading to state that the assignment of the 'inconclusive' category involves no decision on the part of the examiner and minimal conse​quences for the examinee as noted earlier. Rather, such an assignment is a sort of half-way house between the innocent and guilty status, with the ultimate assignment being determined on the basis of further polygraphic examinations and/or other evidence. In cases where later polygraphic examinations produce a deceptive verdict, of course, the possibility that the verdict is false again arises.
For the psychophysiologist, an important issue should be the actual rates of false positives. Unfortunately, these rates are very difficult to obtain under field conditions because of at least two problems. The first problem is the severe lack of standardization, which means that any accuracy figures that are obtained apply at best only to that particular operator, and at worst only to that particular operator-examinee diad under the particular circumstances that the polygraph is being given. The second problem is that there are extreme difficulties involved in establishing an adequate ground-truth criterion against which accuracy can be assessed. In contrast to laboratory situations, where the experimenter can arrange the conditions that form the subject of the polygraphic examination, in the field the true state of affairs can seldom be conclusively established.
False Negatives
It is this sort of error that is almost the sole concern of most polygraphers. The main source of false negative errors arises from individuals successfully 'beating' the polygraph by controlling their own physiological responses. From a psychophysiological perspective, there are two possible ways to achieve this: inhibition of the responses to relevant questions and/or enhancement of the response to the comparison question. The inhibitory route is unlikely to be effective since biofeedback studies have indicated that at least with cardiovas​cular functions like heart rate and blood pressure, decreases are much harder to produce than increases (see, eg, Blanchard & Young, 1973; Furedy, 1979).
The two modes of potential excitatory control are physical (eg, nail in shoe) and psychological (eg, thinking exciting thoughts during the comparison ques​tion), and the problem becomes one of detecting these countermeasures. As in
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the case of false positives, anecdotes abound but field research is very difficult to do. There has been some laboratory research on countermeasures (to be reviewed below), but as with other problems in polygraphy, the same difficulty of generalizing from laboratory to field applies. It is possible that under the high-emotionality conditions of the field, the countermeasures that work in the laboratory may not work in the field, or vice versa. Another problem is what to do when the presence of countermeasures are identified. With physical counter-measures, they can be simply eliminated, but psychological countermeasures present a more intractable problem. While one can readily check the shoes for nails, it is far more difficult to check the mind for exciting thoughts occurring at the time that the comparison questions are presented. In any case a thorough knowledge of lie detection procedures would be required as a necessary condi​tion in order to attempt to employ countermeasures.
VALIDITY

In this section we shall briefly review some of the literature pertinent to the accuracy and validity of current detection of deception techniques. The literature on accuracy is vast, and there is no pretension of exhaustiveness in this brief review (for other reviews, see Ansley, 1983; Lykken, 1981; Raskin, 1978; Saxe et al., 1985). This review will cover several of the more important issues related to determining the validity of detection of deception techniques. Our intention is to provide the reader with information that will facilitate a critical evaluation of accuracy claims.
One necessary prolegomenon, however, is that the accuracy estimates of polygraphic detection of deception are dependent upon a great many factors. The skill level of the examiner, the psychological state of the subject, the scoring procedures, the questioning techniques, and the particular physiological vari​ables measured are but a few of the variables that must be taken into account when one is attempting to determine the accuracy or validity of the procedure. As an overriding caveat, it should be clear that most studies have provided insufficient control over the many factors that can influence the accuracy of detection of deception procedures. Accordingly, the validity of these procedures remains an unresolved issue and estimates of accuracy range from chance to perfection.
Is Deception Actually Detected?
Polygraphy has come to be known as the 'detection of deception', but this still leaves open the question of whether, in fact, it is deception that is being detected by the procedure. We shall focus on variants of the control question
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technique (CQT) in this regard, although we shall also consider the guilty knowledge technique (GKT) at the end of this subsection.
In the CQT, the control questions are paired with the relevant questions by being temporally adjacent in the question series; this temporal proximity mi​nimizes differential habituation effects. The control questions are designed in a pretest interview and deal with similar circumstances to those covered by the relevant questions 'so that the subject is very likely to be deceptive to them or very concerned about them' (Podlesny & Raskin, 1977, p. 786). Although there is some dispute over the exact theoretical formulation underlying the CQT (Lykken, 1978,1979,1981; Raskin, 1978; Raskin & Podlesny, 1979), in general the hypothesis is that guilty subjects will be deceptive to relevant questions and show stronger autonomic responding to the relevant than the control questions. In contrast, the control question is meant to be 'a stronger stimulus for the innocent subject because he knows he is truthful to the relevant questions; he has been led to believe that the control questions are also very important in assessing his veracity . . . and he is either deceptive in his answers, very concerned about his answers, or unsure of his truthfulness because of the vagueness of the questions and problems in recalling the events' (Raskin & Podlesny, 1979, p. 54).
Although a number of practical and theoretical problems with the CQT have been identified by Lykken (1974, 1978, 1979), the main point is that the procedure does not provide an adequate scientific control for detecting decep​tion, because it is impossible to estimate what the relevant response would have been if the answer to the relevant question had been honest. Indeed, Raskin and Podlesny (1979) have admitted that the control question is not meant as a scientific control for deception. Rather, it is meant as a stronger emotional stimulus than the relevant question for innocent subjects. Therefore, it is meant as an 'emotional standard' (Barland & Raskin, 1973, p. 430) designed to enhance the innocent subject's responses to control questions. In fact, in Raskin and Podlesny's terms (1979), quoted above, the control questions are meant to be of great concern to all subjects (since guilty and innocent subjects cannot be discriminated beforehand).
The users of the CQT, then, do not employ the technique to detect deception per se, but rather employ it to detect the guilty. One can, indeed, generate the seemingly paradoxical conclusion that deception could be detected only in those innocent subjects who gave larger responses to the control than to the relevant questions. In this case, innocent individuals would be those who, being asked to be deceptive to the control questions and being truthful (and hence innocent) to the relevant questions, would be classified by the CQT user (the polygrapher) as 'nondeceptive', whereas they were actually deceptive (as instructed) with respect to the control question.
Lykken's Guilty Knowledge Technique - GKT - (1959, 1960) requires that certain details of the crime (eg, weapon type and nature of injury in a murder
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case) be kept from public (and therefore innocent) knowledge. Then, in the GKT, examinees are presented with questions about the crime which contain either accurate or inaccurate details. If this information has been successfully kept from the innocent, then only the guilty will know the difference between accurate and inaccurate details. So, for example, if the murder was committed by cutting victim's throat, the relevant question will contain the terms knife and throat, whereas control questions will contain terms like gun and chest.
The Gut’s control methodology is superior to that of the CQT, because the GKT does provide a control comparison that is a more reasonable estimate of the subjects' responses to relevant alternatives if they were being honest to those alternatives. Standardization, too, is less of a problem, because the GKT is more like a test than the CQT. Constructing the irrelevant or control alternatives (ie, about which the guilty do not have special knowledge) is much more straight​forward than making up the 'control' question which has just the right amount of emotion associated within the examinee's mind. Finally, it is possible to specify (and decrease) the error rate of the GKT by specifying (and increasing) the number of relevant questions, since the probability of an innocent suspect not responding to relevant alternatives increases multiplicatively as the number of relevant questions increase.
Of course, like all scientific controls, the control involved is not a perfect one. The main difficulty is that the control is still dependent upon alternatives being equally probable and emotionally laden from the perspective of the suspect. Still, this difficulty is minimized by the fact that the same questions are used for all suspects, and because there are multiple control alternatives.
Nevertheless, as in the case of the CQT, so the GKT is not designed to detect deception per se. The rationale, rather, is that because of the guilty person's special knowledge about some crime related issue, the response to a question about that issue will exceed that of a person who does not possess any such guilty knowledge, because the relevant knowledge would be more salient to the guilty.4 Accordingly, even if the GKT were to be commonly used in the field, which it is not, it would still not serve to detect deception per se, despite the fact that the term 'detection of deception' has been accepted into current usage. However, the fact that deception is not being detected highlights the problems with this technique. If an innocent suspect has guilty knowledge that has been acquired in ways not associated with the commission of the crime (eg, if the police who were at the scene of the crime inadvertently release information that is later used to construct a relevant question in the GKT), then he/she could be falsely classified as guilty.
Laboratory versus Field Validity
Even if current techniques do not detect deception per se, it is still possible that they do detect the guilty, and differentiate them from those who did not commit specific criminal acts. However, it is very difficult to get a precise
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estimate of the accuracy of polygraphy. Polygraphers themselves who write in polygraphy journals are, not surprisingly, very sanguine about the level of their profession's accuracy. Recently Ansley (1983) has provided a review in which he reports an accuracy of 96.3% for field cases. However, this review has failed to cite a number of studies that reported quite low accuracy rates (eg, Horvath, 1977), and also includes reference to many studies which were not scientific studies of validity (eg, Ben-Ishai, 1962; Bitterman & Marcuse, 1947).
Moreover, the overall accuracy issue appears confused even when only scientifically respectable studies are considered. Whereas Lykken (1978,1979) estimates accuracy to be only slightly above chance (ie, 64-71%), Raskin and his associates, reviewing the same body of literature, put the figure as near perfect (ie, 90-95% in Raskin, 1978 and Podlesny & Raskin, 1978). In what follows, we consider some of the complex factors that are responsible for this great variation in estimates between two respected members of the scientific psychophysiological community.
One of the most significant factors that affect conclusions concerning the validity of the CQT is whether the accuracy is determined in laboratory and mock-event studies, or in actual field investigations. There appears to be a consensus that the differences between the laboratory and field situations are sufficiently great that laboratory results should not be accepted as validation for the procedures in field settings. Most would agree that the subjects undergoing real-life polygraphic interviews would be considerably more aroused and con​cerned than those subjects involved in laboratory experiments. In addition, in field situations, subjects would vary in many ways: subjects would view the examination, examiner, and the purpose of the lest differently; they would probably be more heterogeneous and vary from laboratory subjects on such factors as age, background, intelligence, personality; the events preceding the examination would differ as well as the time period between the critical event and the examination; in the field, the guilty subjects would be more motivated to deceive; and the anxiety or stress levels of guilty and innocent subjects may differ more extensively in the field than in the lab.
It should also be noted that although a number of factors have been listed that may differ from the laboratory to the field situation, the direction of these effects have not been specified. For example, although we can probably assume that subjects undergoing an actual criminal investigation would be more aroused and stressed, we cannot assume that guilty subjects would therefore be either more or less detectable. On the one hand, the additional arousal could lead the guilty to respond more strongly, but it is also possible that the innocent would come to be anxious about the relevant question and hence show greater respon​ses to it. Indeed, it is not unreasonable to suppose that the move from lab to field increases and decreases, respectively, the significance of the relevant and control questions. Because CQT polygraphy's rationale depends crucially on the relevant-control comparison, the above supposition would in itself be
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sufficient to produce a reversal of direction of effects as one moved from the lab to the field.
More generally, any views on the effects of these factors on polygraphy's accuracy are no more than guesses. No adequate research has estimated these differences between laboratory and field situations. Lacking such estimates, laboratory results cannot be validly generalized to field settings. Finally, we must be clear that field validation reports cannot include studies such as card tests on criminal suspects (eg, Kugelmass, Lieblich, Ben-lshai, Opatowski A Kaplan, 1968) or mock crime investigations on convicted psychopaths (Raskin A Hare, 1978). These studies may have interesting indirect implications, but they are essentially based on a game-playing context when compared to the issues that are examined by the polygraph in the field.
Accurate estimates of the validity of polygraphy, then, can only be based on field examinations of actual criminal cases. However, this restriction is not sufficient: the outcomes of the polygraph examinations must also be verified against some criterion or 'ground truth', which has usually taken the form of judicial outcome or confession. If these necessary restrictions are accepted, then there are only a handful of reports that are relevant as evidence on this issue.
The first of these studies is by Bersh (1969), who obtained 323 criminal investigations conducted by the military, and had a four-member panel of lawyers reach a decision (disregarding legal technicalities) concerning the guilt or innocence of the accused. After discarding 80 cases on the grounds of insufficient evidence, the panel produced unanimous, majority, and split deci​sions, respectively, for 247,59, and 27 cases. Using the judicial decision as the criterion, the polygrapher's decision was coned in 92% of the unanimous cases, but only in 75% of the majority cases. While these statistics seem to provide impressive levels of validity, there are several key problems to consider.
The first problem is that the adequacy of the criterion 'ground truth' measure is questionable. It cannot be assumed that all judicial decisions were correct, because there is no way of independently estimating the 'ground truth*. It may even be possible that the 8% error in unanimous cases occurred through mistakes made by the panel rather than by the polygrapher! The second problem is that, as Lykken (1974) has pointed out, the polygrapher's decision was made on the basis of the facts concerning the case as well as clinical impressions of the subject under investigation at the time of examination. In that case, it is possible to view the study as one of reliability, with the polygrapher serving as an additional judge. The fact that the polygrapher obtained more 'correct' decisions in the unanimous than in the majority cases then can be viewed as simply illustrating that as the agreement between the original four judges rose, so too did the agreement of the polygrapher-judge with the panel of original judges. It is true that both Raskin (1978) and Barland (1982) have correctly indicated that there is no evidence from Bersh's study to support Lykken's polygrapher-judge interpretation. However, because the polygrapher followed the usual profes-
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sional practice of basing decisions not only on the records but also on other factors, Lykken's interpretation cannot be ruled out of consideration.
The third problem is that from all the cases on which the polygrapher made a decision, one-third were discarded through receiving split decisions from the panel of judges. If we assume that the polygrapher's accuracy for this one-third of the cases was no better than chance, then over all the cases selected (323 cases) the number of correct detections based on the panel decisions and indecisions (corrected for total cases in each category) would have been 75% against a chance rate of 50%, a less impressive statistic. It might also be observed that the polygrapher seemed to be able to make guilty vs innocent decisions in those one-third of the cases where, according to the panel, the evidence was not sufficient to yield a unanimous legal decision. At least to critics of polygraphy, this suggests that polygraphers are apt to make decisions in situations where the judgment of truth is unclear. Only if polygraphy is regarded as a sort of magic path to truth would this possibility be an untroubling one.
In a follow-up study, Horvath (1977) examined judgments from 10 poly​graph examiners of law enforcement agencies. An important methodological advance over the earlier Bersh (1969) study was that in half the cases the 'ground truth' was verified by confession of the guilty person. Another methodologically advantageous feature was that the polygraphers used only the physiological records for their judgments. This feature is important, because it can be argued (see, eg, Lykken, 1981) that without such 'blind' record reading, a study can at best produce information on the shared prejudice among polygraphers (ie, reliability), rather than on accuracy (ie, validity). In the 560 judgments made by the 10 examiners for verified cases, correct decisions occurred only 64% of the time. Moreover, there were no differences between high- and low-experience examiners (greater than vs less than three years experience). Raskin (1978) has argued that this unusually low accuracy rate may be partly attributable to less experience, poor training, and the fact that polygraphers usually do not operate simply on the basis of the records, but have other behavioral symptoms to consider. However, especially as the physiological recordings are supposed to be the essence of polygraphy, these results cannot be viewed as very supportive of the notion that polygraphy's accuracy is very high.
In another study that used panel decisions, Barland and Raskin (1976) reported a study in which Barland administered Control-Question tests to 92 criminal suspects and then had a panel of experts review the cases with the polygraph evidence removed. The panels' decisions were the criterion against which the polygraph decisions would be judged. In only 64 cases could the panel achieve a majority decision, and of those a clear polygraphic decision could be achieved by blind scoring of charts by Raskin in only 51 of the cases. Of those 51 cases, 40 were criterion guilty and 11 were criterion innocent. Raskin scored 86% of the cases correctly. However, when the guilty and innocent subjects are considered separately, he scored 98% of the guilty correctly, but only 45% of
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the innocent correctly, which yields an average of 72% correct classifications. Consideration of these various statistics indicates that the high degree of accuracy at detecting guilty subjects most be balanced against excessively high false positive outcomes.
In contrast to these somewhat low accuracy estimates, proponents of poly-graphy have argued that several other studies reporting high accuracies do meet Lykken's 'criteria of blind interpretation of confirmed polygraph charts from criminal suspects' (Raskin A Podlesny, 1979, p. 56). These studies (Horvath A Reid, 1972; Hunter A Ash, 1973; Slowik A Buckley, 1975; Wicklander A Hunter, 1975; Raskin, 1976) report, on the average, 90% and 89% accuracy, respectively, for the detection in guilty and innocent suspects. However, Lykken has claimed that the charts were not randomly selected, but rather chosen from that subset that showed 'clear' truthful or deceptive patterns. On the other hand, this charge of nonrandom chart selection could also be levelled at the (low-ac​curacy) study of Horvath (1977).
More recently, a study by Ginton, Daie, Elaand, and Ben-Shakhar (1982) appears to provide relevant data on accuracy. An important advantage of this work is that there was clear and independent evidence for what the 'ground truth' was, and yet the situation was a real, field situation instead of a simulated, laboratory arrangement. In their arrangements, subjects did or did not commit some act; the act was committed freely rather than being simulated; the act was verifiable; subjects were concerned about the outcome of the polygraphic examination, and believed that the experimenter did not know who had and who had not committed the act, and that the polygrapher not know the proportion of guilty people.
Twenty-one Israeli police officers participated in the study as part of a police course. During part of the course, subjects were given tests that required written answers. Unbeknownst to the subjects, the answers were secretly recorded on a hidden chemical page underneath their exam page. Later the subjects scored their own tests with answer sheets under conditions that physically allowed alteration of their original test sheets. A few days later all subjects were told that cheating had occurred on the tests and were given an opportunity to clear themselves of suspicion by taking a polygraph exam. However, it was also made clear that a negative polygraphic outcome would adversely affect their future careers in the force. Seven subjects cheated in all, but of the 21 subjects only 15 took the polygraph exam; three confessed, one guilty subject did not show up for the exam and two (one guilty and one innocent) refused to take the exam leaving only two guilty subjects and 13 innocent subjects. The evaluation of the subjects was made blindly on the charts alone, on the behaviour of the subjects alone, and on both the charts and behaviour (which is the standard polygraphic practice). In addition, charts were scored both globally, and by the field-numeri​cal-scoring technique proposed by Barland and Raskin (1975).
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The two guilty subjects form too small a sample to base any conclusions on, but suffice it to say that the various methods did result in misclassifications (one innocent and one inconclusive). For the 13 innocent subjects, one relevant comparison is that between the chart-alone, behavior-alone, and chart-and-be-havior conditions, with global chart scoring. Here the respective frequencies of innocent (correct), guilty, and inconclusive (which would probably be suffi​ciently serious as to affect an innocent policeman's career adversely) categories were: for the chart-alone condition, seven, three, and three; for the remaining two conditions, 11, two, and 0. Accordingly, with the global method of scoring, addition of the charts has no effect on correct or incorrect decisions, while behavioral information (with or without the chart information) appears to provide more accurate and less ambiguous (fewer inconclusive) decisions. The behavioral information appears to reduce the frequency of inconclusives ob​tained from using the charts alone.
The other issue of interest is to compare the accuracy of the (older) global method of chart scoring with the 'semi-objective' numerical system. In the chart-alone (blind) condition, the respective frequencies of the innocent, guilty, and inconclusive categories were: seven, three, and three (global) and five, one, and seven (numerical). The corresponding frequencies for the chart-and-beha-vior condition were: 11, two, and 0 (global) and six, one, and six (numerical). The most obvious feature of these results is that the numerical method produces more inconclusive decisions and fewer 'hits' (innocent classifications) than the global method. This sort of 'trade-off relation is expected on the basis of signal-detection theory. Of course the sample size involved in this study is far too small for any definitive fine-grained conclusions. However, what is clear from what appears to be the only field study that was both sufficiently real-life and adequately controlled, is that CQT polygraphy, though better than chance, produces a significant percentage of wrong decisions.
In summary, the primary scientific authorities on the detection of deception have very different estimates of the validity of the techniques for field use. There is a dearth of adequate research, and that research, moreover, is complicated and difficult to do. At this stage it appears likely that the accuracy of polygraphy is somewhere between Raskin's and Lykken's estimates. That is, the technique is better than chance, but not so foolproof that one does not need to be critical of the procedures and the results of those procedures. This evaluation, of course, applies to all other tests (be they psychological or forensic), since no test is 100% accurate. However. the consequences of erroneous polygraphic decisions may be more serious, because the evidence usually bears directly on the issue at hand. Moreover, as also discussed elsewhere in this review, there are special problems having to do with the gravity of making false positive errors, as well as other issues that render the evaluation of polygraphy a very complicated and con​troversial matter.
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PROSPECTS FOR IMPROVEMENT

We consider five prospects, which have been ordered in approximate degree of difficulty. As it turns out, the ordering also holds in terms of degree of usefulness.
Improvement in Producer Education and Standards
It appears that many believe that standardization of polygraphic practise through certification of polygraphers would solve many of the problems with polygraphy. This belief is evidenced by the licensing legislations in many of the US states (for current status, see Polygraph Law Reporter, published by the APA). Indeed, the message of a recent TV series called 'Lie Detector' seemed to be that errors were only made in polygraphic examinations if the operator was not a member of the APA. We do not share this degree of enthusiasm for the benefits of certification, but there is certainly room for improvement in the education of polygraphers both in terms of quantity and quality. In quantitative terms, the training period is far too short, while in qualitative terms the typical 30:1 student:teacher ratio is too high for what is - as we have seen - a quite unstandardized procedure. Education will not resolve the other difficulties of polygraphy. Nevertheless, even if a particular skilled polygrapher is highly accurate, it is the average polygrapher whose work will be used in the criminal justice system.
Consumer Education
Not only are the juries and other lay individuals (including the examinees) consumers, but so also are the legal specialists. The problem for anyone seeking an education about polygraphy is that, as we have seen, the basic terms like 'control question' are not used by polygraphers in a standard way. Hence the consumer who consults polygraphers as experts in order to gain a better understanding of polygraphy is likely to acquire confusing information. Another relevant distinction for the consumer to keep in mind is that between 'technical' and 'substantive' assumptions that are made by polygraphers. Examples of the former assumptions are that the instrument used on the subject was functioning adequately in the electronic sense, and that the examiner administered the examination in a way that was 'competent' in the sense of being consistent with APA guidelines. An example of the latter assumption is that polygraphy, in general, is an accurate detector of deception (see also Furedy, 1983b). It was, in our view, the failure to make this distinction that led Levy (1984) to falsely conclude that just because the instrumentation of polygraphers had improved electronically, the scientific validity of the procedure was therefore also assured, a conclusion which was challenged by Furedy (1985a).
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Though difficult to implement, consumer education is essential, because there are important decisions to be made in the light of that education. For example, a potential examinee who has no other evidence against him and believes himself to be innocent, is often persuaded to take a polygraph on the grounds that the innocent have nothing to fear. But this advice implicitly assumes that the false-positive rate of polygraphy is zero, an assumption that is patently false. Indeed, if Horvath's (1977) evidence is accepted, it appears that errors are more biased against the innocent than the guilty. Again, Levy (1984) counselled Ontario defence lawyers to make use of polygraphers, now that polygraphy had become 'scientific'. 1b the extent that Furedy's (1985a) critique was correct, Levy was counselling defence lawyers to take steps that could prove injurious to their clients.
Yet there is a special problem with consumer polygraphy education; it must be education, not indoctrination. Polygraphy is such a controversial field, that both proponents and opponents often lose much of their objectivity when they comment on it. Part of the reason for this is that quite aside from the scientific disagreements, there are implicit conflicting value judgments over such matters as the relative cost of catching criminals vs protecting individual rights. Expert advice, then, is not necessarily disinterested advice in this area.
Accordingly, consumer education in polygraphy cannot simply be a set of guidelines drawn up by experts. Rather it must be access to conflicting expert views, backed up by logic and evidence. Consumer education concerning polygraphy, therefore, must be a critical one, in which the claims of polygraphy are continuously assessed without any expectation that any final word will soon, or ever, be forthcoming.
Increased Quantification of Physiological Measures
The move from qualitative to semi-quantitative methods of assessing physi​ological responses has helped to make polygraphy more objective. More recent​ly, Raskin and his colleagues (Kircher & Raskin, 1983) have begun to use the computer to develop more quantitative procedures which do not depend on the examiner's subjective decision on what is a 'moderate' and what is a 'slight' response. Computerization also makes it practical to assess systematically whether some-weighted composite measure is a better differentiator than even the best single measure, as suggested by Cutrow, Parks, Lucas A Thomas (1972) or the simple sum of the measures scored according to the semi-quantified four-point procedure.
However, here, as elsewhere, it must be recognized that the computer does not provide some magical guarantee of accuracy, just as the fact that a polygraph is working in the electronic sense is no guarantee of its accuracy as a detector of deception. The cautionary 'garbage-in, garbage-out' computer adage still applies.
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Nevertheless, the advantage of more objective methods of ultimate progress is that they are more communicable in the scientific and technological sense than the 'art' of polygraphic measurement in its qualitative, subjective, and examiner-dependent form. Moves towards objectivity and quantification bring polygraphy closer to the methods of scientific psychophysiology, where con​troversy still abounds, but where the measurement of dependent variables is objective and communicable between (often dissenting) laboratories. It should also be noted that this sort of quantification removes the inter-operator reliability problem which, at least in principle, is ever present even in the semi-quantified method of scoring. That is, what may be 'moderate' for one observer may be 'negligible' for another. A final advantage of computerization is that it is possible to develop response profiles, and therefore to re-examine the strong (and probably false) polygraphic hypothesis that there is a specific 'lie re​sponse*.
This move toward more objective quantification is generally advantageous. In this particular case, however, the advantages may be more theoretical than practical. It will be recalled that the Ginton et al. (1982) study suggested that the addition of behavioral symptoms increased effective detection, so that the 'art' component of polygraphy may be too difficult for polygraphers to abandon in the real-life setting in favor of the 'less-effective', objectively-based methods.
Counter Measures

Research needs to be extended from physical to psychological counter-measures. The CQT is particularly vulnerable to multiple physical counter-measures, once the examinee is familiar with its rationale. Rather than try to decrease responding to the relevant questions, the examinee would try to increase responding to the control questions by biting the tongue and pressing one's toes against the floor when such questions were put. When such counter-measures have been specifically employed and trained in examinees in two studies, false negative rates rose to 42% (Honts A Hodes, 1982) and 78% (Honts, Raskin, A Kircher, 1983). However, when countermeasures were not specifi​cally trained, but were spontaneously chosen by examinees, detection rates and errors were unaffected (Honts, Raskin, A Kircher, 1984). No systematic re​search has been done on the subtler psychological countermeasures (eg, thinking exciting thoughts during control-question presentation), but it is clear that as more and more examinees become familiar with the rationale of the CQT, so the rate of false-negative errors will rise.
Replacement of the CQT with the GKT
As indicated above, the CQT method appears to have logical flaws that are difficult to correct. No matter how polygraphers may sharpen their measurement of the physiological dependent variables (eg, through computerization), the fact
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remains that the independent-variable manipulation is, in principle, unscientific both in terms of the basic rationale and its lack of standardization. Until these problems are resolved, genuine technological progress is not possible, even though there may be a few supreme 'artists' or deception-detectors among polygraphers. The point is that until a technology is standardized and based on a solid scientific foundation, it is not possible to pass on the technology from one practitioner to the next. At best, there may be a few gifted practitioners who practice an art, but not a science.
The GKT also does not attempt to detect a deception process. Accordingly, from the psychophysiological perspective that is interested in the psychological process of deception, the GKT does not constitute genuine scientific advance in understanding, no matter how potentially useful it may be as a technique for identifying the guilty. However, the GKT does discriminate between the guilty and the innocent under conditions that can be specified and standardized to a much greater extent. The error rate for this discrimination can also be specified, and can be made vanishingly low simply by adding enough relevant questions that contain control (truthful) alternatives in the normal scientific sense of that term. Finally, countermeasures can be made more difficult by randomly arrang​ing the alternatives. For all these reasons, replacement of CQT with GKT-type methodology in lie detection would constitute a highly significant advance in the technology of lie detection.
There are, however, difficulties which are commensurate with the potential benefits of the GKT Its use requires a special set of conditions, where only the guilty have knowledge of certain details of the crime. These conditions are troublesome for the police to maintain during an investigative period which may be quite long, and which may involve many people. Another difficulty is that large-scale adoption of the GKT would imply abolition or considerable modi​fication of the profession of polygraphy as it is organized today. As we have seen, there are a complex set of skills that are required for CQT polygraphy, and many of these (eg, in-depth interview with the examinee, confession induce​ment, construction of 'control' questions, and persuasion of examinee that polygraph is infallible) may be less relevant. Accordingly, there is likely to be resistance among polygraphers against using the GKT for the 'guild-protection' reason that powerfully motivates any profession.
Accordingly, the GKT is not a current practical alternative to the CQT, and is only feasible in a future where strong vested interests have been overcome. Nevertheless, in our view, the GKT constitutes the most significant and encour​aging prospect for long-term improvement in the identification of the guilty by means of physiological measures.
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A PROPOSAL FOR CONCEPTUAL REFORM
In this section we first argue that the current evaluations of polygraphy are wrongly conceived, and are therefore unlikely to make decisions easier no matter how much research is done. We then present the conceptual solution to the problem, and end with an outline of the sort of research that would be done if the conceptual reform were adopted.
Problem
Polygraphy is currently evaluated in terms of the accuracy of the total procedure as a whole, and accuracy is assessed relative to a chance baseline. There are difficulties with this approach from both a scientific and legal point of view.
Among the scientific difficulties is that the chance baseline is unrealistic, because non-poly graphic methods of detecting deception are better than chance. People, quite simply, are more accurate than the proverbial coin toss, if only because a human can often register certain subtle behavioral cues in a way that a coin cannot. Another scientific difficulty is that the total procedure which constitutes the polygraphic examination (including the examiner's views of the examinee based on past information) is a highly complex and unstandardized situation. In this respect, polygraphy is more of an art than a science, and is therefore impossible to evaluate in scientific terms.
Perhaps the most vexing legal difficulty is the confusion between whether polygraphy is more like psychiatry (so that the testimony is one of a non-scien​tific expert) or like blood tests (so that the testimony is of a scientific expert). At least partly because of this confusion, the status of CQT polygraphy appears to be ambiguous to the legal specialist. This ambiguity is not allayed when the legal specialist turns to experts in the cognate science of psychophysiology for advice, and finds bitterly conflicting opinions between such psychophysiologi-cal scientists as Lykken and Raskin. Much of this disagreement is over the same sets of data, so that the customary plea for simply 'more research' appears to be unhelpful. This situation, of course, is common to controversies that have a conceptual rather than simply an empirical source of conflict.
Solution
A standard way to provide a scientific evaluation of a given treatment is the 'specific-effect' approach, used widely in the evaluation of new drugs. In this approach, the requirement is that the drug under test show a specific (beneficial) effect over and above non-specific, general, placebo factors and above the recognized treatment currently available. The drug phenomenon, therefore, is defined in terms of this demonstrated specific effect, rather than in terms of
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whether taking 'it' (where 'it' includes a host of complex and unspecifiable placebo factors) does any 'good'.
1b give another example, biofeedback is defined not as a generally beneficial effect, but rather as the improvement in control over some autonomically controlled function like heart rate that results from providing precise psycho-physiological information to the subject about that function. It is this specific-effect approach to treatments that differentiates scientifically-based and snake-oil-based technology (Furedy, 1984,1985b).
A specific-effect approach applied to polygraphy (of the COT, GKT, or any other sort that uses physiological measures) defines the effect of the polygraphy as the improvement in detection of deception that results from providing precise psychophysiological information to the examiner. The assessment does not compare chance accuracy with polygraph accuracy, but instead asks whether polygraphy (which employs physiological measurement) increases accuracy above the level obtained by other interrogative methods (which do not employ physiological measurement). This provides a clearer and more coherent scien​tific view of polygraphy. Moreover, from a legal perspective, there also appears to be greater clarity, because the expertise of polygraphers can be assessed on the basis of scientific expertise rather than on the basis of self-referred or self-accredited expertise.
Research Based on the Proposed Solution
This would follow the pharmacological evaluation model with its double-blind procedures. Two of the critical conditions to be compared in such an evaluation would be a condition where the polygrapher received accurate physiological information and one where he received less accurate but plausible information. To the extent that detection accuracy was found to be higher in the condition where more accurate physiological information was provided, we could conclude that there was a specific effect which is meant to be the scientific essence of the polygraphic procedure, ie, the provision to the examiner of information about subtle physiological changes. Moreover, legal specialists could also conclude, in that case, that there was a genuine scientific Field of expertise that polygraphers possessed.
Our view is that this research would not yield findings in favor of CQT polygraphy, because of the problems with the procedure discussed above. However, this sort of research would provide reasonably definitive guidance and serve as a model to dissect the CQT procedure to uncover the factors essential to accurate detection of deception. Moreover, if CQT polygraphy or (as we think is more likely) GKT polygraphy were shown to have such specific beneficial effects in improving detection of deception, then the research para​digm could also be used to determine which form of measurement (eg, compu​terized vs handscoring) was more beneficial. What seems most important, however, is that both in the case of evaluating polygraphy per se, and in
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evaluating the relative merits of different forms, the evaluation would be a genuinely scientific one.
THE POLYGRAPH AND THE
PSYCHOPHYSIOLOGICAL RESEARCH
COMMUNITY
The logical link between polygraphy and psychophysiology is obvious, and is probably clearer than any other area of psychophysiological application. Even biofeedback is less closely connected to psychophysiology, if only because this application is also based on psychological learning theory (instrumental condi​tioning) as well as on psychophysiology.
We have already indicated that there has been a dearth of psychophysiologi​cal research on the polygraph in terms of the specific-effects-oriented evalu​ation, which would require studies that assess to what extent provision of physiological information to the examiner has a beneficial effect on deception. As has been detailed elsewhere (Furedy, 1987a), there has also been relatively little research done on the parallel issue with respect to biofeedback, which is the question of to what extent provision of physiological information to the subject has a beneficial effect on controlling the biological function in question.
However, whereas a goodly number of the psychophysiological research community has done some work in the biofeedback area, that number is much smaller for issues relating to the polygraph. Researchers usually comment that they find the area too controversial to work in, but that comment, in our view, bears critical examination. On the face of it, controversy should encourage rather than discourage research. Even if many of the problems are semantic, through the 'drawing of fine lines' (Furedy, 1986), it should be possible to provide evidence that would lead to an increase in understanding of an application that has clear psychophysiological relevance.
Why, then, does controversy act as a deterrent for psychophysiological research involvement in polygraphic issues? One rather disturbing, if specula​tive, answer is that the modern psychophysiology laboratory (especially in North America, where dependence on external funding is complete) has become too much like any other industry (note the expression 'data factory'), whose 'efficiency' suffers from undertaking reflective, and controversial research (for a more detailed account, see Furedy, 1987b). Yet, whatever the sociology-of-science factors that may be operating, the psychophysiological research com​munity has an obligation to become actively engaged in issues related to the polygraph, because it is the most cognate science for evaluating controversies concerning a technique that impacts powerfully on the lives of individuals and the fabric of democratic society. Accordingly, with apologies to Wittgenstein
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for plagiarism, and to feminists for adopting the sexist language of the Tractatus' proposition number seven, we end our seventh section with the assertion that 'whereof man needs to know, thereof man needs to critically and continuously assess.'
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FOOTNOTES
1.
 Like most universal assertions, this assumption it almost certainly false, if only because, as noted
above and as detailed elsewhere (Furedy A List, I486), there cm be psychological forces which produce false confessions. On the other hand, there have been overstatements of the strength of the evidence against the validity of polygraph-induced confessions by opponents of (he poly​graph. For example, the assertion that 'lawyers know of Borchard's Convicting the Innocent, in which are reviewed 65 cases of persons imprisoned or executed on the basis of confessions proved later to be raise' (Lykken, 1981, p. 209)' is fundamentally inaccurate, because the cases reviewed by Borchard (1992) involved false verdicts rather than false confessions. It is interes​ting to note that in what he thought was a thorough and critical review of Lykken's book (Furedy, 1983b), the first author failed to note this inaccuracy, which was revealed only when, in the process of preparing for legal case, he had occasion to look up Borchard (1932).
2.
 The argument that increasing the number of measures and subjects in the sample reduces the
chances of finding a no-difference result holds only if the population difference is not precisely zero. However, that assumption probably holds for most natural phenomena. Specifically, the difference in K) between males and females is probably not precisely zero, but it is also probably not large enough to be psychologically significant, and would produce a statistically significant sample difference with sufficiently large sample sizes. Similarly, by increasing the number of channels and tests, the polygrapher increases the chances of a non-inconclusive outcome (cither deceptive or truthful) under conditions where the 'true' ('population') relevant and control responses do not differ by a 'reasonable margin' (analogous to a 'psychological significant' difference in the K) example).
3.
 For an extreme, but written formulation of this view, consider the following statement: 'We know
of no verified instance of a competent polygraphist reporting a truthful person as untruthful. It can happen, however, that an untruthful person is reported to be truthful, but even this occurs rarely (about one out of a hundred cases). This statement is taken from a document entitled 'Your Rights When Asked to Take a Polygraph Examination', which is given to examinees by Toronto Police Polygraphers. Especially the assertion about a zero false positive error rate is, in our view, clearly classifiable as a lie.
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4.
This is a rather simplified description of the findings concerning the GKT. For a more thorough
discussion, see the work of Ben-Shakhar and his colleagues (eg, Ben-Shakhar, 1977; Ben-Shak-har, Lieblich, * Kugelmass, 1975).
5.
For an exhaustive, recent review of the studies repotting accuracy rates, sec Office of Technology
Assessment report (1983). However, as this report is now out of print, a summary is more accessible in Saxe el al, (1985).
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