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As I have previously argued in detail (Furedy, 1983, 1984) in opposition to Stern (1964,1984), psychophysiology is best conceived as the study and differentiation of psychological processes through the use of unobtrusive measures of relatively small changes in physiological func​tions, changes that are typically unavailable to consciousness. The sig​nificance of this last aspect is not metaphysical or even philosophical but rather practical. The practical import is that the measured physiological changes are not subject to confounding from bias that can affect both behavioral and introspective measures of psychological processes.
Another aspect of this sort of psychophysiological differentiation is that, depending on the psychological processes that are of interest, it is not always necessary or even desirable to use physiological measures that require a high level of electronic complexity both for recording and analyzing data. So in the case of this book’s central topic, cardiac reactivity and disease, if the interest is in psychological factors (which undoubtedly play a role in reactivity), then functions like heart rate (HR), which are
relatively simple to record and do not require computerization for mea​surement, may be appropriate. If, on the other hand, one is concerned with a physiological issue like the pumping action of the heart, then it is necessary to move to a more technical (i.e., “high-tech”) measure like cardiac output, which requires complex instrumentation for pickup and computerization for measurement. Moreover, if the concern is psycho-physiological differentiation, then distinctions that are too crude for phys​iological purposes may be adequate for psychophysiological purposes. For example, as I elaborate, for differentiating between the processes involved in listening to a pair of numbers (encoding) and those involved in the arithmetic task of iteratively subtracting numbers, the (physiolog​ically crude) distinction between the parasympathetic nervous system (PNS) and the sympathetic nervous system (SNS) is sufficient. On the other hand, when attempting to provide a physiological account of cardiac function, the further distinction between ((- and (-adrenergic SNS influ​ences must be made because myocardial SNS influences are predomi​nantly ((-adrenergic, whereas vascular SNS influences (e.g., on peripheral vasoconstriction) are predominantly a-adrenergic.
The purpose of this brief chapter, as suggested by the title, is to indicate how psychophysiological differentiation can be applied to ques​tions concerning the effects of psychological factors on cardiac reactivity. In particular, I want to focus on the distinction between SNS activation and PNS withdrawal, a distinction that is not clear when one assesses only a single measure like HR because HR, being supraventricular in origin, can be significantly influenced by both branches of the autonomic nervous system. So an HR acceleration induced by some psychological challenge may reflect only PNS withdrawal or may also reflect SNS ac​tivation, with the latter factor being of greater potential relevance to the development of cardiovascular pathology. The PNS-autonomic nervous system distinction can be more clearly made if one uses, in addition to the “mixed” HR measure, another index that is a “purer” measure of predominantly SNS influences.
There is general agreement that such candidate SNS cardiac per​formance measures should be ventricular in origin because the neural PNS connections to the myocardium are minimal. Most psychophysiologists
however, have followed Obrist’s (1981) recommendation of at​tempting to develop contractility-based ((-adrenergic SNS candidate in​dices like the change in carotid pressure over time, pulse transit time, and preejection period. The alternative path is to focus on electrophysiological and cardiographic aspects. Of these, T-wave amplitude (TWA), first proposed for psychophysiology by Matyas and King (1976), has been the candidate SNS index that has received the most attention (e.g., Furedy, 1987). The question of the relative validity of contractility-based measures and cardiographic measures is one that is complex and controversial (e.g., Contrada, 1992; Furedy & Heslegrave, 1983; Furedy, Heselgrave, & Scher, 1992; Furedy & Scher, 1985; Heslegrave & Furedy, 1980, 1983; Obrist, 1981; Schwartz & Weiss, 1983), and I do not elaborate on this question here. What is clear, however, is that, compared with the contractile mea​sures, TWA is more convenient or “low tech” because no additional elec​trodes to those used for picking up HR are needed and because com​puterization of record reading, though desirable, is not necessary. The most important scientific aspect of such convenience is that it allows more independent laboratories to check on the replicability of findings, and in any psychophysiological enterprise, the maximization of such cross validation is a consideration of some relevance.
In what follows, I summarize some previously published findings from the University of Toronto laboratory that appear to indicate that joint use of HR and TWA allows psychophysiological differentiation of processes relevant to cardiac reactivity to psychological stress. Then I report on a more recent study that used even less technical methods to assess a form of stress that is becoming increasingly relevant—that which results from user-hostile software in everyday computer appli​cations.
Joint Use of HR and TWA With the Iterative Subtraction Task
The psychological challenge that we have found to be the most useful is an iterative subtraction task in which one number (e.g., 17) has to be repeatedly subtracted from another (e.g., 3,822) for short (usually 20-s)
periods or trials at a slow (every 5 s, “easy”) or fast (every 2 s, “hard”) rate (for details see Heslegrave & Furedy, 1979). This task produces HR accelerations of between approximately 5 and 10 beats per minute and TWA attenuations of between approximately 30-50 mV, with some but not total habituation over trials and more habituation in HR acceleration than in TWA attenuation. Both indices are sensitive to the difficulty ma​nipulation, with HR being more sensitive than TWA. There is also indirect evidence that the difficulty effect is not due to the higher rate of respi​ration under the hard condition in relation to the easy condition (Furedy & Shulhan, 1986) and that, contrary to one suggestion (Schwartz & Weiss, 1983), electrode placement does not affect the direction of TWA change in this experimental preparation (Furedy, Shulhan, & Scher, 1986). Finally, although the use of TWA in psychophysiological experiments has been rare outside the University of Toronto laboratory, especially in North America (an exception is Cacioppo, Petty, & Morris, 1985), a German laboratory (Rau, 1991) recently used the Toronto iterative subtraction task and has both replicated the main findings (see Rau, 1991, Experiment 3) and provided blockade-based evidence for TWA’s validity as an SNS index in this sort of psychophysiological context.
The simplest form of psychophysiological differentiation involves reactive sensitivity, for which the candidate index yields a significant difference as a function of some psychological factor or factors. The reactive sensitivity of TWA has been shown to be superior to that of HR when, in terms of reaction to the arithmetic task, the TWA (attenuation) response was significantly (p < .001) greater in type A subjects than in type B subjects, whereas the HR (acceleration) response yielded only a nonsignificant trend in the expected direction (Scher, Hartman, Furedy, & Heslegrave, 1986). I agree with Sapira and Oken (1986), who concluded that, compared with cardiological studies that used the full complement of electrode leads and those that produced large-magnitude TWA changes, the Scher et al. (1986) study was indeed merely (low-tech) “scalar microelectrocardiography” and was unsuitable for such cardiological pur​poses as the assessment of myocardial function. Nevertheless, as Sapira and Oken’s editorial conceded, “whatever the mechanism (or mecha​nisms) involved, the differences found between the two groups of men remain” (p. 157). In psychophysiological terms, given that each group
contained only 15 individuals, the between-groups significance level of p < .001 reported by Scher et al. is an impressive testimonial to TWA’s reactive sensitivity.
Another instance of TWA’s greater reactive sensitivity to individual differences than that of HR is the finding by Shulhan, Scher, and Furedy (1986) that the TWA (attenuation) response to the difficult version of the iterative subtraction task was uniquely augmented in low-aerobic-fitness-level subjects. Both these instances of TWA’s reactive sensitivity are in​dependent of questions of TWA’s status as an SNS index, but it is obvious that the SNS-index interpretation makes good sense of the results, which are consistent with the view that type A and unfit individuals overreact sympathetically when presented with a challenge that is psychological rather than metabolic or physiological. Furthermore, the HR index, being mixed, does not pick up these individual SNS-reactivity differences. It should also be noted that, although the TWA (and HR) changes involved are small and metabolically insignificant, they appear to be related in an orderly way to such physiological differences that underlie the type A versus type B distinction and those that distinguish physiologically fit and unfit.
More important, in my view, for psychophysiological differentiation is specific sensitivity. As has been detailed previously (Furedy & Heslegrave, 1984), an index shows specific sensitivity when it reacts to one process but not to a similar but different process. The specific sensitivity concept is contrary to the view, based on the prejudice against negative results (see Furedy, 1978), that an index’s sensitivity is determined by the number of significant differences it yields. In this view, because HR pro​duces significant accelerations both during the period of listening to the two numbers to be operated on and during the period of the arithmetic task itself, whereas TWA attenuates only to the task (e.g., Heslegrave & Furedy, 1979), HR would be considered to be more sensitive than TWA. In terms of specific sensitivity, however, such a pattern of results, which have been repeatedly found in subsequent studies (Scher et al., 1986; Shulhan et al., 1986), it is TWA that is the superior measure because it alone differentiates between the two similar but different psychological processes of encoding and then manipulating the arithmetic symbols dur​ing the task itself.
So far it may seem as if I have been denigrating the HR measure at the expense of TWA, but I suggest that the most useful information to be gained is from the joint measurement of these two cardiac performance functions. One striking example of such complementary utility is a pattern of results that yields HR acceleration without any TWA change, as occurs when the two numbers are presented during the listening period of the iterative subtraction trial. If one assumes that TWA is a relatively pure SNS index, then one can infer that the listening phase produces predom​inantly PNS withdrawal effects (vegetative withdrawal?) with little or no SNS excitation (fight-or-flight response?). The joint use of HR with an SNS index, then, can also yield patterns of results in which an inference to parasympathetic effects is possible. Moreover, with such short-dura​tion, phasic responses (e.g., the listening period is only 5 s), use of more tonically oriented parasympathetic indices such as vagal tone is limited. And as Obrist (1981) noted, it is of considerable interest to be able to distinguish between those psychological challenges that result only in PNS withdrawal and those that result in SNS activation as well.
Joint Use of HR and Skin Conductance Level With a User-Hostile Computer Task
In this more recent research program, even less technical methods were used by gathering only minute-by-minute scored HR (obtained from a portable blood pressure arm cuff) and skin conductance level (SCL) in an arrangement that has been published only in abstract form (Vincent, Pelcowitz, Muter, & Furedy, 1990). Twenty-five subjects were presented with two simulated bank-transaction tasks (6-min duration), one user-friendly and the other user-hostile. The friendly-hostile contrast was based on some 16 different polarities. Two such contrasts were that between menu-driven versus command-driven software, and minimal, clear, and polite error messages versus rude and unhelpful error messages. To check whether any differences were due simply to sheer difficulty, easy (forward digit span) and hard (backward digit span) memory tasks were also presented to all subjects.
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FIGURE 1.     Mean heart rate (beats per minute [bpm)) during the two memory and two computer tasks. (Prog. = progression.)
Figure 1 shows the mean HR data. The only significant effect was one due to task type, F (l, 24) == 7.05, p < .05. The computer tasks produced an acceleration in relation to the memory tasks, but task dif​ficulty had no effect on HR. We interpret the HR difference between the computer tasks (which require the solving of problems through symbol manipulation) and the memory tasks as reflecting greater PNS (vegeta​tive) withdrawal for the computer tasks. The fact that there were no differences within types of tasks as a function of difficulty suggests that this vegetative withdrawal is an all-or-none effect that occurs when the organism is called on to solve problems.
Figure 2 shows the mean SCL data. Because the SCL distribution (in contrast to the HR distribution) revealed a significant skewness (to​ward the low-scores end of the distribution), nonparametric (sign and rank tests) were applied to the SCL scores. As suggested by the trends in Figure 2, the hard-computer-task condition was unique in elevating SCL. Thus, a sign test between the hard- and easy-computer-task condi​tions yielded one tie and a 19/5 split (p < .05). In addition, a Friedman nonparametric one-way analysis of variance with four levels of the task factor yielded a significant result, x2 (3, N = 25) = 9.05, p < .05.
Although the underlying physiological mechanism of SCL changes is not fully understood, there is agreement that, at least peripherally, the
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FIGURE 2.     Mean skin conductance level during the two memory and two computer tasks. (Prog. = progression.)
dominant neural substrates are SNS related rather than PNS related. Ac​cordingly, the results suggest that interfacing with user-hostile systems produced the increased SNS excitation that typically accompanies human fight-or-flight responses. A more theoretical question raised by the results is the psychological basis of the user-hostile SNS-excitation effect. The two most obvious alternatives are fear and anger. Anecdotal observations suggested that, at least in some subjects, anger rather than fear was operating. A number of subjects showed facial expressions that indicated anger during the user-hostile condition. In addition, 1 subject stated, after one try, that the user-hostile program was impossible and simply stared at the screen for the remainder of the 6-min period. Determining the psychological basis of the obtained effect will require systematic studies that correlate physiological changes with questionnaire-based assess​ments of emotions like anger and fear. It seems clear that the demon​stration of psychophysiological differentiation in this study is only the beginning of the quest for a full account of the influence of psychological factors on reactivity.
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