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"...but the basic conceptual parameters of these content areas [of psychology] still call for clarification, and pose many problems of a logical, not merely empirical nature. Unfortunately…psychologists…are in large measure uninformed…in their approach to these matters, and bravely hurl themselves into venerable philosophic blunders..." (Maze 1983, p. 2).
Introduction

The purpose of this chapter is to provide useful information to those personality researchers who want to employ psychophysiological measures to differentiate among various psychological functions.  From the perspective of these researchers, the various psychophysiological measures and the many technical problems involved in their recording are of little intrinsic interest.  What is critical is how much these measures can add to information gleaned from behavioral and introspective measures.  In terms of the window metaphor to which my title alludes, the issue is to what extent the psychophysiological window provides a useful additional perspective on the psychological functions that underlie personality differences.

For personality researchers to make informed decisions about which, if any, additional psychophysiological measures to employ, I shall argue that they need to consider at least the following distinctions: peripheral vs. central measures, baseline vs. response-to-challenge measures, tonic vs. phasic measures; uniphasic vs. multiphasic measures; lo-tech versus hi-tech measures; physiological “respectability” vs. psychological validity; temporal vs. localization measures; specific vs. reactive sensitivity; psychophysiological vs. behavioral measures; reliability vs. validity.

The first section of the chapter elaborates the rationale of the approach.  The next section will provide a detailed, pragmatic discussion of the distinctions that, in my view, have to be considered by personality researchers.  The concluding, metatheoretical section briefly summarizes the underlying realist philosophy-of-science position that should constitute the basic approach to all areas of the science of psychology.  A central thesis of this realist approach is that, as argued by a number of Australian (and, more specifically, University-of-Sydney- educated) thinkers (e.g., Furedy, 1988, 1991a,b,c, 1994; Maze, 1983; Mitchell. 1988), it is crucial for empirical researchers to reflect on such philosophical considerations as the choice between realism and instrumentalism in the way that scientific research is carried out in psychology.

1. Rationale of the chapter and its relevance for personality researchers

This section will present a view of psychophysiology that attempts to provide a coherent account of the relation of this sub area to the discipline of psychology.  It also allows a rational assessment of the way in which psychophysiological measures can contribute to increase our scientific understanding of the psychological functions that contribute to personality differences, as well as improving those applications that are based on those increases in our scientific understanding.  The section will discuss the special potential of psychophysiological measures for studying certain non-cognitive psychological functions.  In addition, it will consider the current practical problem of an ever-increasing armamentarium of psychophyisological measures that confront the personality researcher, who has to make informed and cost-effective choices among those many measures.  Finally, I shall list certain crucial distinctions among psychophysiological measures that are of relevance to the personality researcher, rather than to the more specialized interests of psychophyiologists themselves.

1.1 Psychophysiology as the use of physiological measures to study psychological functions
There probably is no area of psychology about which there is so much conceptual confusion than psychophysiology.  One symptom of this confusion is that as late as the mid eighties, even specialists in this area, at least outside the English-speaking world, did not distinguish between psychophysiology and physiological psychology in terms of labeling their own special interests.  And even to-day, researchers who are not specialists in psychophysiology, and have not employed psychophysiological measures in their research, cannot state what the distinction is between these two related, but quite different areas of psychology.

Although the term “psychophysiology” only came into common usage in the early sixties with the formation of the Society for Psychophysiological Research (SPR) in America, psychophysiological research (using autonomic measures on human subjects) has a much longer history.  Woodworth and Schlosberg’s (1954) textbook on experimental psychology has an extensive discussion on the “GSR” that includes a specification of the difference between the phasic skin conductance response (SCR) and the tonic skin conductance level (SCL), although even in the late sixties, there were some psychophysiologists such as Fried et al. (1966a, b, c; 1967a, b) whose research reports showed an ignorance of this tonic/phasic distinction (Furedy, 1968a, 1969).  And in the thirties, Skinner reported lack of success in operantly conditioning the peripheral vasomotor response.  Skinner’s (psychophysiological) research formed the basis of a tenet long accepted by learning theorists, with the first influential challenge to this tenet being Miller’s (1969) paper on operant conditioning (later known as “biofeedback”) of animal autonomic responses.  (The challenge proved successful at least at an ideological level, so that by the late 80s, even the research community seemed to be adopting a credulous rather than skeptical attitude to the efficacy of operant autonomic conditioning—see e.g., Furedy, 1987b—in the face of clear evidence that for target responses like heart rate deceleration, operant conditioning or biofeedback was not effective when the requisite non-contingent control conditions were run: Riley & Furedy, 1981; for examples of this credulous attitude by eminent experts, see, e.g., Elder,1986; Engel, 1972; Green & Green, 1978). 

Nevertheless, in terms of sheer quantity as well as a focus on the use of physiological measures in human experiments, it is fair to say that psychophysiology as a distinct area of psychology really began in the early sixties with the formation of SPR and its journal, Psychophysiology.  With the first issue of this journal, its editor (Ax, 1964) offered an operational (what the journal, Psychophysiology publishes) and an analogical (that the area is like finding the translation code between “two collections of subsystems gen​erally referred to as the psyche and soma” (Ax, 1964, p. 10)) definition of the area (for a critique of operational and analogical definitions, see Furedy, 1983).  Neither sort of definition is adequate taxonomically, because it does not even come close to passing the elementary test of being able to distinguish psychophysiology from the related but different area of physiological psychology.  The next issue of the journal did offer a genuine definition of the area (Stern, 1964) that explicitly distinguished between physiological psychology and psychophysiology in terms of the typical independent-variable manipulations and sorts of dependent variables employed.  Stern’s definition, though genuine, has defects that I shall discuss below, but what is most notable is that the definitional issue was never further raised in the pages of Psychophysiology, which was to become not only the prime empirical journal in the area, but also one of the highest impact journals in experimental psychology as a whole.

It took a political development to bring the definitional issue to the fore, when the International Organization of Psychophysiology (IOP) was formed and held its inaugural conference in Montreal in 1982.  I call this a political as well as a scientific development, because the IOP was formed under United Nations auspices, and its then (and still) president, Constantine Mangina, asserted that psychophysiology’s two main contributions were to peace and the equality of women.  Another important political (as well as scientific) contribution of the IOP was the extent of its international representation.  In contrast,  SPR was not only predominantly an American organization (80% of its members was American), but its research and membership was also confined almost exclusively to countries outside the Soviet bloc.  A final political aspect of the formation of the IOP is that it attempted to subsume SPR as a local, “national” organization.  By this time SPR was not only the “senior” organization, but it was also international in the sense of having had several Europeans hold its annual presidency.  So there was essentially a power or “territorial” struggle between SPR and IOP, and the issue of how psychophysiology should be defined became once more of special, if somewhat heated, interest.

This interest was manifested by a symposium on the definition of psychophysiology at the IOP’s inaugural Montreal conference chaired by Psychophysiology’s founding editor, Albert Ax.  The papers at this symposium were published in the following year in the first (1983) issue of the IOP’s journal, the International Journal of Psychophysiology.  Readers interested in the sociology or politics of science may wish to see the papers of the symposium presenters.  One aspect that exacerbated political considerations was that whereas in the West, the distinction between physiological psychology and psychophysiology was relatively clear in practice, researchers in the Soviet block whose work was primarily psychophysiological, labeled themselves as physiological psychologists.  Therefore, in terms of political considerations, the definition of psychophysiology that I put forward (Furedy, 1983) was “divisive” and, at least on the face of it, detrimental to IOP’s new effort to unite scientists from the East and West.  Some of the footnotes in Furedy (1983) attempt to argue that the purpose of the symposium was not a political one of classifying people, but a scientific, taxonomic one of classifying different areas of psychology.

In those scientific, taxonomic terms, the definition of psychophysiology that I offered in Furedy (1983) was one that defined the area as involving the use of physiological measures to study and to differentiate among various psychological functions.  The most important taxonomic feature of this definition is that the criterion of demarcation for this area of psychology is what the central interest of the researcher is, rather than who the researcher is (for an elaboration of this distinction between interests of the researcher vs. the researcher, see Furedy, 1983), or what sorts of manipulations and dependent variables that s/he employs (Stern, 1964, 1984; for comment, see Furedy, 1983, pp. 15-16, and Furedy, 1984,).  A consequence of adopting the definition is that the focus of the area is seen to be the “psyche” (Furedy, 1993) rather than physiology, even though, to the extent that physiological factors affect the validity of psychophyisological measures, they must be taken into account (for a discussion of physiological vs. psychological approaches to psychophysiology, see Furedy, 1983, pp. 17-18; for the opposing “biological” approach to psychophysiology, see, e.g., Obrist (1976, 1981). 

Like any dependent variable employed in psychology, the validity of a psychophysiological measure is the extent to which it reflects the specific psychological function or functions of which it is supposed to be a measure.  The unique potential contribution of psychophysiological measures as adjuncts to behavioral and introspective measures is that they are not available to consciousness, and hence, at least under normal circumstances, are not under voluntary control.  This is always the case with central measures of brain activity such as the evoked potential response (ERP) or the more recently employed fMRI.  However, lack of voluntary control also holds for those autonomically controlled, relatively small physiological changes in such functions as heart rate (HR), where we are dealing with HR changes of 10% or less, or as respiratory rate or short periods of apnoea, where again the changes being measured are small enough not to be under voluntary control. 

It bears emphasis that this unique contribution of these measures is only a potential one.  Even though the measures are objective in the sense that they can be specified consistently and communicated with precision from one observer to another, they may have no value if they are not valid.  In particular, there may be problems of confounding.  For example, in comparing the relative aversiveness of signaled and unsignaled shocks, it may seem that the objective SCRs elicited by the two sorts of shocks provide a more valid index of aversiveness than the subjective psychophysical magnitude-estimation measure.

However, as we have argued (e.g., Furedy & Klajner, 1973), and contrary to such positions as claimed by Lykken (1962), Lykken et al. (1972), and Lykken and Tellegen (1974), the signaled-shock elicited SCR is confounded (reduced) because of the fact that, with this phasic electrodermal response, the SCR elicited by the preceding signal reduces the SCR elicited by the following shock.  This response-interference factor (known in physiology as the relative refractory period) operates in the case of the SCR at least up to interstimulus intervals of 20 seconds (Furedy & Scull, 1971), and is therefore a significant source of confounding for the 5-seconds duration signals that have typically been employed in the signaled-shock preparation.  Yet another more practical problem in human research is that some psychophysiological measures are too obtrusive, inasmuch as their use demands too much of the experimental subjects.  The carotid dp/dt measure of sympathetic influence is a case in point.  As I have noted in Furedy (1983, p. 16), this measure requires the subject not to swallow for the entire period that the experiment is being conducted, and therefore may interfere with both behavioral and introspective dependent variables that the experimenter is interested in.  A final practical problem arises if the measure is very expensive to implement.  Especially for the researcher whose central interest is not psychophysiology, but rather the use of psychophysiological measures to investigate specific psychological functions, the cost of implementing a  measure like the fMRI can be prohibitive, and hence not worth the extra information gleaned.  A bi-product of this problem for the scientific community is that replication of phenomena of interest across laboratories is too rare, so that, in the extreme case, reliability cannot be checked across laboratories.  So, other things being equal, lo-tech, less expensive measures (e.g., electrodermal activity) have a practical advantage over hi-tech, more expensive measures (e.g., cardiac output).

1.2 Special potential of psychophysiological measures for personality researchers: Non-cognitive psychological functions
Following the “cognitive paradigm shift” (Segal & Lachman, 1972, the qualifier “cognitive” came to have such a broad connotation as to apply to all psychological functions (see also Furedy & Riley, 1987, pp. 2-3 for a discussion of the various meanings of the term).  However, in an area like personality, except if one is solely concerned with differences in sheer intellectual ability, it is clear that behavior has a number of significant non-cognitive determinants such as differences in motivation and feelings—the connation and affect that used to be considered the other two aspects of mind, besides that of cognition.  Of late, even the information-processing approach to psychology (the “cognitive” approach) has recognized the importance of motivational and affective variables by referring to concepts like “hot cognition”, but these are no more than metaphorical accounts of these non-cognitive variables.

The neglect of non-cognitive influences on behavior precedes the cognitive revolution of the sixties, and can be traced back the cognitive theories of the behaviorist Edward Tolman, who was subject to Guthrie’s jibe that Tolman’s  theory left his rats “buried in thought”.  But whereas Tolman and his students had to contend directly with their S-R rivals like Hull and Spence, who did recognize affective (“drive”) and motivational (“incentive motivation) variables, the heirs of psychology’s cognitive revolution have had the theoretical field all to their own, with all psychological functions being essentially described in cognitive terms.

However, personality researchers, whether they have a primary scientific or applied interest, need to take into account these non-cognitive psychological functions both in constructing explanations for the behavior of living organisms (not computers), and in attempting to improve control over that behavior. These non-cognitive factors, moreover, are more difficult than cognitive ones to both to measure and manipulate in experiments.  Thus it is relatively simple to assess differences in the ability to remember words, or the ability to do arithmetical problems.  And it is also rather easy to manipulate the difficulty of these tasks.

On the other hand, even performance on these cognitive tasks is affected by the degree to which the subject is trying to perform them, and certainly other behaviors(such as choosing between alternatives) are affected by these non-cognitive factors.  And while dependent variables such as reaction time or number of correct answers may be adequate for assessing cognitive abilities, these measures do not allow differences due to such non-cognitive influences as changes in mood or differences in motivation to be assessed.  Nor is it of much use to rely on self reports, both because these may not be honest, but also because (and more importantly) our language is not useful for making these distinctions, especially between individuals—if one subject says he was excited about the experiment, and the other says he was very excited about the experiment, can we conclude that the latter subject was more aroused during the experiment (and hence was trying harder, if there was a cognitive task to be completed) than the former?

Experimental psychology that employs humans as subjects, moreover, has special difficulties in manipulating these non-cognitive factors, because of ethical (treatment of subjects) considerations.  So while the cognitive factor of task difficulty can be readily manipulated in memory experiments, it is much harder to manipulate arousal levels or the motivation to perform at one’s maximal capacity.  What is frequently assumed in these memory experiments is that the subject is allocating most of his attention to the task, and that the only variable of main importance in determining outcomes is the subject’s cognitive (or “processing”) capacity.

Psychophysiological measures do not, of course, get over the difficulties of manipulating these non-cognitive variables.  One cannot, for example, vary food deprivation over the wide range possible with rat subjects, and so orthogonally and effectively manipulate the hunger drive in an experiment that employs the Morris water maze to assess spatial cognitive ability.  What can be done, however, is to employ a measure like skin conductance level (SCL) to determine whether there is greater arousal during the performance of a difficult cognitive task as compared to that of a an easy task.  Moreover, the SCL measure could also be used to assess individual differences in these SCL differences: perhaps more anxious people show more marked SCL differences than less anxious ones, even though their actual performance on the tasks do not differ as a function of this personality difference.

1.3 Current complexities facing personality researchers in employing psychophysiological measures
Personality researchers up to the 60s who were considering the use of psychophysiological measures essentially had to deal only with the question of whether they wished to measure “the GSR” or electrodermal activity that was controlled by the autonomic nervous system (ANS).  Although even the use of the “GSR” often presented some conceptual difficulties, such as the failure to distinguish between tonic changes (i.e., skin conductance level—SCL) and phasic (stimulus-elicited) changes (i.e., skin conductance response—SCR), understanding of the “GSR” was relatively simple, and its measurement was cheap to implement.

Consider, in contrast, the problems and choices presented to personality researchers in the first decade of the 21st century, who need to make decisions about whether to use objective psychophysiological measures, which ones to use, and how to quantify the changes they observe.  The choices open to the personality researcher are many not only among autonomically controlled measures such as electrodermal activity, cardiac performance measures, and measures of blood pressure, but also among central measures such as the electroencephelograph (EEG), evoked response potential (ERP), and functional  magnetic resonance imagery (fMRI).  A prime consideration in choosing among these many measures is a theoretical one depends on what is known about how well a particular candidate measure reflects the psychological function in which the researcher is interested.  This is often difficult to decide, because those who are the first to introduce new measures tend to be optimistic about the range of psychological functions of which the new measure is a valid one.  The literature to be considered by the researcher must include not only enthusiasts for the measure, but also comments by the measure’s critics.

An important condition for an informed choice is that the researcher is clear about precisely what psychological function, and what aspects of that function, are of interest.  For example, if the researcher is interested in the psychological function of mental effort, and wishes to focus on that aspect of mental effort that differentiates if from effortless mental functions, then it is important to use a psychophysiological measure that differentiates between the two sorts of mental functions.   A case of this sort of differentiation is the contrast between performing difficult arithmetical operations on two numbers (e.g., iteratively subtract 17 from 3827) and listening to the two numbers (17 and 3827) on which the arithmetical operations are to be performed.  Except those freaks of human nature who can instantly perform difficult arithmetical operations, the former task is more effortful and conscious (I call it conceptual) than the latter (perceptual) cognitive task (both tasks, by the way, are cognitive in the sense that they involve propositions which may be false, in contrast to responses to which the true/false category is not applicable).  A physiological distinction between the two sorts of tasks is that only the former involves excitation of the sympathetic nervous system (SNS) which is part of the fight/flight response, whereas both involve approximately the same degree of withdrawal of the parasympathetic nervous system (PNS).  Until the work of Obrist (1981), it had been common practice of even specialist psychophysiologists who were sensitive to the distinction between SNS excitation and PNS withdrawal to employ heart-rate (HR) acceleration as an index of this SNS-mediated fight/flight response.  But as Obrist first emphasized to psychophysiologists, because the atrium has both PNS and SNS connections, HR acceleration is a “mixed” index of SNS activation.  In particular, the small HR changes (that Obrist labeled “biologically insignificant)” of the sort observed in psychological manipulations such as the performance of an iterative subtraction task could be solely due to PNS withdrawal and not at all to any SNS activation.  Accordingly, Obrist correctly insisted that for any cardiac performance measure to validly reflect SNS activation (and hence, in our example, mental effort), it must be based on ventricular rather than atrial myocardial function.

The issue of which ventricular index has the greatest utility remains a bone of contention, and will be commented on in greater detail in Section 2.6 below, but in the iterative-subtraction task example (e.g., Heslegrave & Furedy, 1979), it was the ventricular T-wave amplitude (TWA) measure that was employed along with HR.  The results showed in this and other studies (for review, see Furedy, 1987a), that whereas HR acceleration was manifested both when subjects were listening to the two numbers to be operated on, as well as during the iterative subtraction task itself, TWA attenuation occurred only during the (more effortful) task itself.

The use of TWA to differentiate effortful and non-effortful cognitive psychological functions requires both some knowledge about physiological differences (e.g., between atrial and ventricular myocardial functions), as well as clarity about the psychological function of interest.  If, for example, the psychological taxonomy merely refers to a “cognitive” task, then both the listening to numbers and operating on the numbers are “cognitive”, and the difference between TWA and HR indices loses its psychological meaning.  We are left only with the physiological distinctions such at that between SNS activation vs. PNS withdrawal, or that between atrial vs. ventricular functions.  The most common current meaning of “cognitive” is essentially the same as psychological, with the acceptance of the computer-metaphorical, information-processing view of all psychological functions.  It will be noted that both the listening and the iterative subtraction tasks involve, on this account, information processing by a system which is either a computer itself (hardware, analogous to the brain—a physiological system) or some computer programs (software, analogous to mind, a psychological system).  However, in this information-processing, computereze framework or taxonomy, both physiological distinctions (e.g., that between ventricular and atrial cardiac functions) and psychological ones (e.g., effortful, conscious, and conceptual vs. effortless, unconscious, and perceptual) can be made only in a metaphorical sense.

The inability of the information-processing approach to differentiate among psychological functions is apparent even for the experimental psychologist interested in manipulations.  For example, in humans, one can transform the iterative subtraction task into an effortless cognitive one (for all except those very few who are totally innumerate) by employing the numbers 2 and 100 instead of 17 and 3827.  Or one can manipulate the effort required by only somewhat decreasing it (e.g., 12 and 3000) or somewhat increasing it (e.g., 97 and 4873).  None of these manipulations would work on a computer, unless one used astronomically large numbers, and even then one would hesitate to assert that more mental effort (i.e., arousal of an SNS-like system) was required (with all its emotional concomitants such as an increase in anxiety), rather than a mere increase in computing time or capacity

Moreover, in humans there are conditions under which an increase of mental effort that is required produces a “giving up” phenomenon, where the individual decides no longer to engage in the task.  In real life, this sort of non-computer-like behavior probably occurs in children who are not good at mathematics, and decide to no longer pay any attention to solving math problems.  An experimental psychophysiological form of this “giving up” phenomenon was reported by Muter et al. (1992), who manipulated the user-friendly aspect of a computer program given to subjects presented with some ATM tasks, and employed the electrodermal skin conductance level (SCL) as an index of (sympathetic) arousal.  They found that the user-hostile condition produced an increase of SCL in most subjects, except for a small subset whose performance on the ATM task showed that, under the user-hostile condition, they had ceased to try to do the task.  The SCL values for these “task-rejecting” subjects were lower than for the subjects still engaged with the task (i.e., were obeying the experimental instructions), suggesting that they were devoting no mental effort at all to the task.  Needless to say, giving-up behavior is only partly influenced by cognitive ability.  It is also a significant function of personality characteristics that are unrelated to sheer cognitive ability. In the Muter et al. study, HR was also measured, and again, as in the TWA studies (Furedy, 1987a), this mixed index did not reflect mental effort as accurately as did the sympathetic SCL measure.

Differentiating between parasympathetic and sympathetic psychophysiological indices is also relevant for other personality characteristics.  For example, Scher et al. (1980) found TWA but not HR differentiated the “A” vs. “B” personality difference, while Shulhan et al. (1986)) reported that TWA, but not HR, identified an interaction between physical fitness (a physiological function) and reactivity to mental challenge (a psychological, personality function) which suggested that physical fitness may protect against an over-blown flight-or-flight sympathetic reaction to a real-life psychological challenge such as an executive being told by his superior that s/he is no longer required by the organization.  And in neither study did behavioral (performance) measures yield any information about these non-cognitive psychological functions, even though, in terms of sensitivity to (cognitive) task difficulty, the performance measures were most sensitive, followed by HR, with TWA being the least sensitive (for a more extensive discussion of specific vs. reactive sensitivity, see Section 2.10 below).

In addition to these theoretical issues that are relevant for the adequate differentiation among, and measurement of, psychological functions, the personality researcher also faces more practical problems of cost.  So, for example, if the fMRI is the ideal psychophysiological measure for a specific psychological function, the cost of both setting up and using this sort of very hi-tech equipment must be considered by the researcher who has limited resources.  This really is an issue of evaluating cost effectiveness, where that evaluation needs to be relatively independent of advice from specialists who offer their own favorite measures, and tend to over estimate the utility of those measures.

The difficulties for the personality researcher’s interest in evaluating cost effectiveness have been exacerbated by the recent fractionation of psychophysiology not in terms of an interest in various psychological functions, but in terms of the various physiological dependent variables employed.  Even among those whose main interest is in autonomic dependent variables, there is a split between those who employ electrodermal measures and those who employ cardiac performance measures.  But there is a veritable conceptual chasm between those employing autonomic, peripheral measures, and those using central measures like the ERP, if only because the experimental manipulations that can be used for the shorter-latency ERP cannot be employed with the longer latency electrodermal SCR.  Part of the reason for this fractionation by measures instead of by interests is that, especially in the case of central measures, there is a great amount of technical expertise required not only for setting up the measures, but also in terms of the quantification of results.  

Another more deleterious influence that produces conceptual fractionation is the increasing separation among specialists using different measures in terms of the literature they read, and the oral presentations they attend at psychophysiological conferences.  Regarding conferences, even the program organizers have implicitly recognize this conceptual fractionation, because they schedule parallel sessions that may have the same psychological topic (e.g., cognitive functioning), but differing psychophysiological measures (e.g., electrodermal vs. ERP).  This does not only limit  the psychological knowledge that can be developed by psychophysiology, but also makes psychophysiology itself less useful for researchers in other areas of psychology, such as personality.  This fractionation, moreover, also occurs within autonomic measures, and can cause researchers interested in individual differences to neglect the right sort of autonomic measures just because they happened to pick on the wrong psychophysiologist to consult.

A recent personal example of this occurred following a study (Algan et al., 1997) in which we were looking for sexual dimorphism influences in an acute smoking manipulation, which compared a group of deprived smokers given one cigarette to smoke in a 15 minute rest period between two cognitive tasks, with a group of non-smokers who simply rested for 15 minutes.  There were no performance differences (reaction time, accuracy, and subjective confidence) due to this acute-smoking manipulation, but as the expert psychophysiologist on the research team, I had high hopes of obtaining psychophysiological differences, as we employed a vast array of cardiac performance measures as well as the phasic electrodermal SCR in a fully computerized laboratory.  The psychophysiological results were soon analyzed, but it took some six more months before it occurred to me to look at the much lower-tech (and hand-readable) tonic electrodermal skin conductance level (SCL), and to realize that this autonomic measure yielded clear and interesting sex-differential effects, with the one cigarette apparently producing relaxation in the males, and an increase in tension in the females (Furedy et al., 1999).  This result was the inverse of the well-established introspective reports that indicate that males smoke for stimulation, while females smoke to reduce tension (e.g.,    Best & Hakstian, 1978; Ikard & Tomkings, 1978;  Spielberger, 1986).  It is likely that a personality researcher being advised by a psychophysiologist who is a cardiac rather than an electrodermal specialist would miss out altogether on these psychophysiological results, rather than suffering only a 6-months delay due to my temporarily falling into the over-specialization trap.  The trap, in my case, was having virtually all my experience with the phasic SCR rather than the tonic SCL both in the experiments I had designed, and the literature with which I was familiar.  The SCR literature, by the way, has long contained such abstruse specialist issues as whether the optimal window of measurement should be 1-5 seconds (the one most in use) or the shorter 1-3 seconds window. There is nothing like controversies about such relatively esoteric issues of measurement to narrow one’s conceptual focus on specific measures, rather than what those measures purport to measure.  And of course this narrowing of conceptual focus means that the potentiality of the psychophysiological “window” for personality researchers is also diminished.

1.4 Plan of the rest of this chapter
The next major section will be a pragmatic one that deals with certain distinctions that are relevant for those personality researchers who have decided to invest in psychophysiological measures.  None of the distinctions are ones that occupy specialists in psychophysiology (e.g., whether to use the 1-5 or 1-3 second intervals to define an SCR, or the proper statistical treatment of heart-rate variability differences).  Rather, the distinctions are all relevant for researchers in other areas of psychology who are interested in using psychophysiological measures to differentiate among psychological functions.  These distinctions, moreover, will be presented as applying to all psychophysiological measures, rather than focusing on a specific class of measures (e.g., autonomic vs. central), or even on a single measure (e.g., ERP vs. fMRI).  Still, because most of my experience has been with autonomic measures, my illustrative examples will generally be taken from the autonomic sub-area of psychophysiology.  For this pragmatic section, I shall use, as the basic criterion of evaluation for the personality researcher the concept of utility, defined as sensitivity to differences in psychological functions.  A crude index of this sort of utility for the researcher is the ability of a given measure to yield significant differences to independent variables manipulated by experimental psychology, or observed by differential psychology.

Following this pragmatic section, a final, theoretical section will put forward the philosophical perspective of direct realism that underlies the claims I have made in previous sections.  Central both to the rationale of and to the points emphasized in this last section is the claim that, as have argued in previous papers (Furedy, 1988) and contended more systematically in a book by Maze (1983), it is crucial even for those researchers who view themselves as being only concerned with empirical issues, to reflect on such choices that they at least implicitly make as the choice between the realist and instrumentalist approach to the philosophy of science.

2. Relevant distinctions for psychophysiological measurement

The aim of this section is to provide and briefly discuss a list of distinctions that, for practical measurement purposes, personality researchers (and practitioners) should consider before they embark on psychophysiological measurement.

2.1. Peripheral vs. central measures
The peripheral/central distinction refers to the difference between measures such as the electrodermal skin conductance response (SCR), heart rate (HR), and pulse transit time (PTT) on the one hand, and those such as the evoked response potential (ERP), functional magnetic resonance imagery (fMRI),  and the electroencephalograph (EEG) on the other hand.  One false distinction that is espoused even by many experts is the idea that the central measures, being “closer” to the brain than peripheral measures, therefore reflect mental or cognitive functions more sensitively than do peripheral measures.  This distinction is not only false, but is conceptually primitive.  All psychophysiological measures reflect psychological functions of the organism as a whole (see Furedy, 1983), so the issue of whether one measure reflects a particular cognitive function better than another is a purely empirical question.  For example, at least in the current literature, the lower-tech peripheral electrodermal measure is a more sensitive indicator of the orienting functions of sensitivity to change (for example, Furedy et al., 2001 reported that the electrodermal measure was sensitive to the phenomena of habituation to change, dishabituation, reinstatement, and “super” reinstatement) than any higher-tech central measure like the ERP.  One reason for this peripheral superiority is that the skin conductance response (SCR) can be assessed on individual trials, whereas the ERP requires averaging over many trials for its assessment.

However, there is a real epistemological divide not between the two sorts of measures, but between those specialists who employ those measures.  This divide is partly caused by the fact that there are different technological requirements for sound measurement for the two sorts of measures.  Aside from strictly electronic engineering differences, peripheral and central measures also require different sorts of expertise.  For a measure like the SCR, the psychophysiologist must engage in such questions as the optimal window of latencies employed for determining whether a change in conductance following a stimulus is stimulus elicited or “spontaneous”.  Most electrodermal psychophysiologists favor a 1-5 second window, but specialists like Barry (1990) have produced persuasive evidence that a 1-3 second window is superior.  Again, specialists working with the SCR need to be aware of the influence of the “Law of Initial Values”, even if this “law” is far from universal for all elicited peripheral measures (see e.g., Block & Bridger, 1962; Furedy & Scher, 1989; Jamieson, 1987, 1993; Wilder, 1958; Yu-Kang Tu & Gilthorpe, 2006). 

 Finally, at more basic level, anyone working with the electrodermal measure needs to be aware of the distinction between phasic and tonic electrodermal measure (see Furedy, 1969 for a review of widely published researchers employing these electrodermal measures who continued to ignore this distinction: see Fried at al., 1966a,b,c, 1967a,b).  On the other hand, expertise in the use of a central measure like the ERP requires knowledge of averaging techniques which are not required with a measure like the SCR, which can be assessed on individual trials.  Among these statistical techniques that need to be mastered is that of “bootstrapping,” first introduced by Rosenfeld et al. (1988) and by Farwell and Donchin (1991) to assess the sensitivity of the ERP in a central-measures version of the Guilty Knowledge Test (GKT). 
  Researchers using the SCR for the GKT (first proposed by Lykken, 1959, but since then widely used as a scientifically-based (for why the GKT is scientifically based in contrast to the more commonly used “Control” Question “Test” that Lykken opposed, see Ben Shakhar & Furedy, 1990) way of detecting guilt with autonomic dependent variables both in the laboratory (e.g., Furedy & Ben Shakhar, 1991) and in the field (e.g., Reiko et al., 2004) did not need bootstrapping, as they were employing a measure that was assessable on single trials.  And, of course, anyone who is not used to “reading” ERPs can confirm that “eyeballing” these at conferences is as difficult as it is for a “city slicker” to “read” tracks that are obvious to experienced trackers in the bush.

These epistemological splits between the two sorts of measures on the dependent-variable side also exist on the independent-variable side.  The way in which variables can be manipulated in experiments differs significantly.  The most obvious difference is between two phasic elicited measures like the SCR and the ERP.  Not only are the onset latencies of the two different (more than 1 second for the SCR, while ERP latencies as short as 50 msec were observed), but, more importantly, for  the peripheral SCR measure, which has long relative-refractory period (Furedy & Scull, 1971), inter-trial or inter-stimulus intervals need to be at least 25 seconds to avoid a response on trial x being interfered with by a response on trial x-1.  This is of crucial methodological importance if the nature of the trials during the series differs, but even with homogenous trials, if an interstimulus interval of less than 10 seconds is employed, then it is unlikely that any significant SCRs will be observed at all.  On the other hand, for the ERP, trials can be separated by as little as 2 seconds without any of this sort of response interference.  This difference in experimental designs means that it is impractical to assess both SCRs and ERPs in the same experimental protocol, and specialists in the two sorts of measures will tend to think in terms of different experimental designs with very different numbers of trials given to subjects.  Assuming that both groups of specialists are interested in the same psychological function (e.g., the detection of guilt), this is one case where specialization prevents epistemological progress.

Personality researchers who want to use psychophysiological measures need to be aware of these epistemological and methodological differences between “central” and “peripheral” psychophysiological specialties, so that their own interests do not get subjugated to what are often territorial disagreements between the two specialties.

2.2. Baseline differences vs. reaction-to-challenge differences
Although the medical literature tends to stress individual baseline or “resting” level differences in such measures as blood pressure and heart rate, these differences, perhaps because they indicate differences in physiological (e.g., integrity of cardiac functioning) rather than psychological (e.g., ability to cope with threatening stimuli in the environment) functions, are often not sensitive to psychological individual differences.  An additional reason why resting-level differences are not sensitive to psychological variables is that they are often overshadowed by the enormous “random” individual differences that occur in the population, differences that are due to physiological rather than psychological factors.  This is certainly the case with skin resistance levels, which range between 5K and 200K ohms in any population, while mean differences in the increases in resistance levels to psychological stress are of the order of merely hundreds of ohms.

One psychophysiological measure which provides a dramatic illustration of personality differences that are not indexed at all by baseline differences is T-wave amplitude (TWA).  Scher et al. (1980) reported that TWA attenuated more in A-type than in B-type personalities when subjects were faced with a psychological challenge (iterative subtraction task), while no A/B differences emerged in baseline levels.  There is also clear evidence in the literature (see Furedy 1987a, for review) that TWA differences emerge only to the iterative subtraction task challenge, and not at all in resting TWA baselines, whereas, of course, it is the latter that are more significant for cardiologists monitoring patients in intensive care wards, or even those in whom pathology in cardiac functioning is suspected.

Another less thoroughly documented differential sensitivity to individual differences is in the skin resistance level (SRL) measure.  Furedy et al. (1999) reported that a challenge consisting of one cigarette smoked after 10 hours of deprivation yielded a decrease of arousal in males (who, according to self report, smoke for stimulation) and an increase in arousal in females (who, according to self report, smoke for relaxation).

2.3. Tonic vs. phasic

For personality researchers the relevance of the tonic/phasic distinction is most pertinent in the peripheral electrodermal measure.  As reported by Furedy et al. (2001), only the less frequently measured tonic skin conductance level (SCL) but not the more commonly used phasic skin conductance response (SCR) differentiated male schizophrenics from the other five cells of a 3 (schizophrenics, depressives, and normals) by 2 (male and female) factorial of 6 independent groups.  However, perhaps the tonic/phasic distinction applied to the EEG and ERP central measures will also prove relevant in an analogous way.  My speculation is that the EEG, though not the ERP, will show different levels of consciousness as measured by the frequency of alpha waves as a function of personality and even normal/abnormal differences.  It is interesting to note that currently, EEG and ERP psychophysiologists operate in different literatures, and, in this regard, my phasic-oriented electrodermal bias caused a similar blindness of the relevance of the tonic SCL measure, a blindness that persisted from 1968 (see Furedy, 1968b) for some 30 years.  Until now, I, like most other “GSR” workers, regarded tonic SCL or the previously measured skin resistance level (SRL) as a “nuisance” variable to be controlled (the method, when using the skin resistance response, was to use a transformation that would eliminate the substantial correlation between SRR and the skin resistance response—transforming to SCL and SCR usually did the trick, as that the SCL/SCR correlation is close to zero), rather than another potentially useful psychophysiological measure that complemented the phasic response measure, and was actually more informative than the phasic measure for such areas as personality research.
2.4 Uniphasic, biphasic, and mltiphasic measures
All these phasic measures are responses to stimuli that occur within a specified short period of time following a stimulus.  Examples of uniphasic measures are the electrodermal SCR (this response is unidirectional, being always an increase in conductance), the peripheral vasomotor response (always a vascular constriction usually recorded from the finger), and specific central ERP measures such as the P300 (always a positive waveform occurring, as the name suggests, around 300 msecs following stimulus onset:  The  P300 was made popular with psychophysiologists who consider themselves to be “cognitive psychophysiologists by Donchin (see, e.g., Donchin, 1981), and has been widely used since then for a wide variety of psychological functions (e.g., Deslandes et al., 2004; Reinsel et al., 2004). 

Examples of biphasic measures are heat rate changes (acceleration or deceleration) and breathing rate changes (again acceleration or deceleration).  Examples of multiphasic changes are the triphasic measures (deceleration, acceleration, and then deceleration) that some argued characterized the conditional hear-rate response in human Pavlovian conditioning (for review, see Furedy & Poulos, 1976) and stimulus-induced changes in respiration pattern.  Polygraphers who use the “control” question “test” employ two of their four channels to measure respiration changes to questions, and claim that they can differentiate between “deceptive” and “truthful” individuals by assessing complex (and usually unspecified) changes in respiratory patterns to certain questions.

As a general rule, uniphasic measures are most sensitive in terms of measurement sensitivity of a defined psychological function.  So it is no accident that the most commonly employed and replicable measures of a function like human Pavlovian conditioning, use uniphasic measures like the SCR, or a heart-rate change that is only in a single (deceleratory) direction (e.g., Arabian & Furedy, 1983; Furedy & Klajner, 1978 Furedy & Poulos, 1976).  Multiphasic measures are best if one hopes to use a single measure to differentiate among psychological functions.  At present, only the biphasic psychophysiological measures have a significant and scientifically specifiable literature.  One well known example of this biphasic differentiation is the use of heart-rate acceleration and deceleration, respectively, to differentiate between the Sokovian defensive and orienting reaction, a position put forward in their citation-classic paper by Graham and Clifton (1976), and one that was not without its critics (e.g., Barry & Matlzman, 1985).  

2.5 Lo vs. hi-tech measures
Contrary to a commonly held but unexamined assumption, the higher-tech (and often newer) measure does not necessarily have greater utility for differentiating individual differences.  An extreme illustration of a reversal of this assumption is the fact that the oldest and most lo-tech measure of tonic electrodermal activity appears to be a better marker of male schizophrenia than not only the somewhat higher-tech phasic electrodermal response (Furedy et al., 2001), but also than the much higher-tech ERP.  Moreover, for the user of these measures, there must be clear evidence that the higher-tech (and hence more costly) measure has significantly greater utility than the lower-tech measure for the former to be chosen over the latter.

2.6. Physiological “respectability” vs. psychological validity
This distinction is illustrated by arguments in the eighties of the relative merits of two cardiac performance measures which were rival ventricular indices of sympathetic excitation of the sort involved in psychological functions such as mental effort and emotional stress.  The two candidate indices were carotid dp/dt and t-wave amplitude (TWA) which were favored, respectively, by Paul Obrist’s Chapel Hill lab (e.g., Obrist, 1981) and my Toronto lab (e.g., Furedy, 1987a), who had earlier convinced psychophysiologists that an atrial index like HR acceleration was grossly inadequate as a sympathetic index, because the atrium is under both sympathetic and parasympathetic influences (Obrist, 1981).

Carotid dp/dt is based on cardiac contractile strength, so the physiological mechanism that links it to sympathetic, beta-adrenergic excitation is well known.  On the other hand, TWA is an electrophysiological index, and the connection between it and sympathetic excitation is not physiologically clear.  Similarly, while the electrodermal SCR or “GSR” has been the subject of many psychological investigations, the physiological mechanisms involved remain obscure, despite many years of physiological investigations.

So carotid dp/dt had greater physiological “respectability” than TWA, and most psychophysiological researchers agreed with Obrist that his index was superior to TWA as a psychophysiological measure of sympathetic excitation.  However, as detailed by Heslegrave & Furedy (1980), carotid dp/dt was severely limited for use in human experimental preparations.  Among its most obvious flaws were the necessity for the subject not to swallow for the duration of the experiment (i.e., the index was obtrusive, though not invasive), and reported data loss of over 20%.

Psychophysiological practice was consistent with the lack of psychological validity of carotid dp/dt, and even Obrist’s lab, in a reply to Heslegrave & Furedy (1980), stated that they had abandoned this index, which did, in fact, disappear from the psychophysiological literature.  Instead the “competition” that TWA currently faces is the contractile peripheral pulse transit time (PTT), which does not have the disadvantages that carotid dp/dt had (for evidence and arguments favoring  PTT over TWA, see, e.g.,  3et al., 1980 and Weiss & Schwartz, 1983, respectively).  More recently, some  studies have suggested that the story is not one of a clear victory of one side over the other, but that TWA is superior as a measure of mental sympathetic stress, whereas PTT is superior as a measure of physiological sympathetic stress induced by challenging physical exercise (Furedy et al., 1996; Szabo et al., 1994). 

2.7 Temporal  vs. localization (central)  measures
With the development of central psychophysiological measures that have made it possible to record and observe physiological brain functioning, these central, brain-function measures can be classified into temporal measures like the P300 component of the ERP that reflects the total activity of the brain as a whole, and localization measures like fMRI that record activity from different parts of the brain.  In both sorts of measures, the dependent variable is expressed as response magnitude.  For personality researchers, temporal measures  have greatest potential use for differentiating individuals in terms of general psychological functions like decision making, while localization measures can be used to differentiate among different sorts of cognitive abilities, as well as the role that emotion and even motivation plays in influencing behavior.

2.8
Complementary use of psychophysiological, behavioral, and introspective measures

The psychological functions that measured by these three sorts of dependent variables are equally real and important.  There are many cases where the three sorts of measures are employed in a complementary way to shed light on what are a complex set of influences that produce certain outcomes.  For example, in a an experimental study of the effects of chronic smoking and an acute-smoking manipulation, behavioral or performance dependent variables alone indicated a beneficial effect of smoking on male cognitive verbal function (Algan et al., 1997).  On the other hand, skin resistance level was unique in showing that the acute smoking manipulation of smoking one cigarette after 10 hours of deprivation, increased female arousal while decreasing male arousal (Furedy et al., 1999).  Finally, this psychophysiological sex difference was opposite direction to well-known survey results (i.e., introspective measures) that females tend to smoke for relaxation, while males do so for stimulation.

2.8 Reliability vs. validity
Psychophysiology’s arguably most salient purported application is the polygraph or lie detection, which involves the classification of individuals (truthful vs. deceptive regarding certain important, often criminal, issues) by means of psychophysiological measures.  In North America, the polygraph has also been employed by security organizations like the CIA and FBI to classify individuals in terms of whether they are security risks, or suitable for employment in these organizations.  Even after they have been hired employees in these security organizations are frequently “polygraphed” to check whether they are still loyal.  Of late, computer programs have been used to score the autonomic responses from these “truth tests”, and in such cases, at least the record reading itself is completely reliable in the sense that two users of the program get exactly the same outcome.  And, even without the use of computers, the verdict of polygraphers based on their visual scoring of records have been close to 100% reliable, in the sense that a “blind” reading of records obtained by a polygrapher who classifies the examinee as “truthful”, “deceptive” and “inconclusive” will produce agreement between the two polygraphers close to 100% of the time.

On the other hand, while most of the scientific community do not take my “extreme” position that the polygraph is not more than a North American flight of technological fancy whose real methodological status as a “test” is the same as that of entrails reading during the Roman empire (e.g., Furedy, 1996,  2003), the majority of that community do agree (e.g., Iacono, 2001) that the polygraph’s validity is insufficient for use as a classification device for discriminating between truthful and deceptive individuals, or even innocent and guilty ones.

More generally, it is important for the personality researcher to be alert to this basic distinction between reliability and validity, because in areas other than the polygraph, proponents of a measure will often provide information only about reliability and not validity.  Without adequate systematic evidence of validity, the potential utility of any psychophysiological measure that is employed to assess a psychological function is zero.

3. Underlying pre-Socratic realist philosophy-of-science position

The philosophical position that underlies this chapter is that of the Australian realism that was put forward by the philosopher, John Anderson (e.g., Anderson, 1961).  The most systematic application of Anderson’s realism to psychology is by Maze (1983), one of Anderson’s students, whose special expertise is theoretical psychology.  My own conceptual articles that advocate the adoption of Australian realism (some with former students) have been directed at empirical researchers as well as practitioners (e.g., Furedy, 1988, 2001; Furedy & Arabian, 1981; Furedy & Riley, 1987; Riley & Furedy. 1985).  An important theme that I particularly stress in Furedy (1988) is that reflective and continuous consideration philosophy-of-science issues are not only relevant for philosophers, but also for empirical researchers and practitioners of psychology, so that they do not fall into the trap of the “blunders” that Maze (1983) referred to in the quote that heads this chapter, and that, in my view, many current exponents of cognitive science such as Slezak, (1989), Fodor (1968) Pylyshyn (1980). And Churchland (1986) have, as I have argued (Furedy, 1989). That consideration, I suggest, should include reflection on what Nagel (1960) referred to as the dispute in philosophy of science over the “cognitive status” of theories. This dispute, in its current form, is between the realist and the instrumentalist approaches.  According to the former approach, theories are to be evaluated in terms of their truth or falsity; according to the latter approach, the evaluation should be in terms of the usefulness of theories (or models) in organizing thought, and use of “convenient fictions” is considered useful not only for the generation of hypotheses, but also for their evaluation.   

I have also tried to provide a more specific application of Australian realism, employing this philosophy as a critique of  the currently dominant, instrumentalist “cognitive psychology” approach which employs the computer-metaphorical “information processing” concept as the fundamental explanatory term of the behavior of living organisms (e.g., Furedy, 2000).  My own experimental work in such areas as whether signaling the time of occurrence of a noxious unmodifiable event is preferred by humans (e.g., Furedy, 1975 vs. D’Amato, 1974) and animals (e.g., Biederman & Furedy, 1979 vs. Badia & Harsh, 1977) ), or whether the “truly random” or “explicitly unpaired” conditional stimulus constitutes the proper control for human autonomic Pavlovian conditioning (e.g., Furedy et al., 1975 vs. Rescorla, 1988) has benefited from the realist approach.  These benefits are not only the new and more valid scientific information that has been generated, but also some potentially useful applied implications that stem from this research, such as the use of “imaginational” Pavlovian conditioning to teach relatively large-magnitude, difficult-to-learn and medically relevant HR decelerations   (e.g., Furedy & Klajner. 1978).  More recently, and consistent with the recommendation that research should “meld” differential and experimental methods, particularly in inter-disciplinary work that combines psychological and physiological methods, research on sex differences in cognitive functioning has avoided computer-metaphorical concepts, and has yielded findings that employ pre-cognitive-revolutionary distinctions such as conscious vs. unconscious, male vs. female, early vs. late acquisition, perceptual vs. conceptual, and preference for contrasting cognitive styles in which cortical vs. hyppocampal functions are involved.  This biobehavioral research, performed at Ege University in Professor Pogun’s laboratory, has examined sex and smoking as individual-differences related variables, refers to distinctions that cannot be made in terms of the computer-metaphorical models favored by current cognitive psychology, and, as summarized by Furedy and Pogun (2001).  The research has resulted in both scientific and potential applied advances, and is now being followed up with human subjects in labs at Australia’s Bond and Griffith universities (e.g., Boyle et al., 2006; Neumann et al., 2007).

Actually, I contend that the Australian realist approach to inquiry has its roots in the pre-Socratics (for an application to current interdisciplinary research, see Furedy, 1997), who were the first to investigate natural phenomena in a scientific, disinterested way.  The problem with which these Ionian philosophers (who, by the way, were also very practical men) were concerned was the question of what is common to all things.  They disagreed about which explanation was correct (e.g., water, numbers, and fire were advocated by Thales, Pythagoras, and Heraclitos, respectively), but all agreed that whatever explanation was offered, it had to “save the appearances”: in other words, it had to account for differences observed in nature.  For the science and applications of psychology, “saving the appearances” is a matter of employing explanations that take account of such differences observed in living organisms as that between cognitive vs. non-cognitive, ability vs. drive, conscious vs. unconscious, the emotions of anger vs. fear, and all other individual differences that living organisms manifest and computers (hardware) or computer programs (software) do not.  The secret, then, to the scientific and successful applied use of psychophysiological measures by personality researchers, is to assess these measures not in terms of how currently fashionable they are, but in terms of their potential for providing complementary information about individual differences among living organisms, not computers.
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