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Teaching self-Regulation of Cardiac Function through Imaginational Pavlovian and Biofeedback Conditioning: Remember the Response
John J. Furedy

University of Toronto
The slogan with which this paper's title ends shares with its more famous Texan predecessor (and also with most other slogans) the property that, although at first sight its incantation seems sufficient to resolve the whole problem, on reflection, it turns out to be a necessary but by no means sufficient condition for success. In the first section of this paper I describe how remembering the response was helpful in our work; in the second section, I look at the same data in greater depth and with a more jaundiced eye to indicate why it may be that more controlled observa​tions as well as finer grained theories are needed before we can be satisfied with our understanding (and hence, the control) of cardiac function.

APPLIED: DESCRIPTIVE ACCOUNT

The central idea of biofeedback is that information to the subject about functions of which he or she is not normally aware will improve the ability to self-regulate those functions. Until recently, I thought that the notion of biofeedback entailed by the last sentence was universally accepted by biofeedback experts, but it has become clear to me that to accept that strictly "informational" notion is to conceive of biofeedback in what a number of the contributors to this volume have referred to as the "narrow" sense of the term. Biofeedback in the broader sense refers to a whole treatment mode that includes giving information to patients about their biological functions but that does not assume that it is that

information that is responsible for the therapeutic improvements obtained.
This narrow-broad distinction (which is sometimes, though mistak​enly, thought of as an experimental-clinical distinction) is quite critical to the sorts of conclusions to be drawn about biofeedback's applicability. On the broad view—rather clearly favored, for example, by the con​tributors to the sections on EMG, headaches, and relaxation—biofeedback may best be assessed against "the best available clinical alternative," as recommended by Engel. However, in terms of the narrower, infor​mational notion of biofeedback, such a best-alternative criterion it inappropriate even without any detailed examination (such a detailed examination would, 1 think, show that the best-alternative criterion is not optimal even in terms of the broader biofeedback notion; but that U another and far too complicated a story). Rather, the evidence for informational biofeedback's efficacy has to be in the form of control conditions that show that an appreciable amount of increased control can indeed be attributed to the information supplied and not to other placebo-related effects such as motivation, self-instruction, relaxation, and subject selection. Moreover, given the inherent variability of behav​ior at least in this area of investigation, it also seems to follow that it must be possible for the relevant (i.e., information-related) evidence to be evaluated by conventional statistical methods. Accordingly, although small- or single-N studies with clinical populations may produce spec​tacular results that are worthy of our attention and admiration, these can only be regarded as suggestive evidence for the biofeedback idea that then has to be properly evaluated by controlled studies that allow sta​tistically based, affirmative conclusions to be drawn about the role of information in the control of the psychophysiological function in question.
To turn to the function of main interest in this paper—heart rate deceleration: A review such as that of Blanchard and Young (197.1) appears to indicate that biofeedback in the narrow, informational sense docs not "work." That is, the evidence on this decelerative cardiac function does not suggest that biofeedback's central idea, the provision of information, appreciably improves control. It bears emphasis that this unfavorable assessment of informational biofeedback as applied to cardiac deceleration does not deny the successes that workers have hail in producing both large-magnitude decelerations and control of cardiac arrhythmias (e.g., Engel, 1972). What seems lacking is statistically based evidence that such control is indeed attributable to the provision of information and that it varies as a function of the adequacy of that information. More generally, in terms of autonomic control, whereat biofeedback or information appears to be helpful for teaching the ANS to get excited, it is not very helpful for teaching what is a much more

important (but, unfortunately, apparently difficult) skill—how to calm down.
Still, these comments on general autonomic control are no more than impressions, partly because of the breadth of the area and partly because of the relative lack of well controlled and relevant (i.e., to the role of information) studies. On the other hand, for cardiac deceleration, the evidence seems to be quite definitive—partly because of the thorough investigations of workers like Lang, who started out by assuming that information was important but who now seriously questions that assump​tion for cardiac deceleration, though not for acceleration. About f\\c years ago, a number of workers attributed the apparent ineffectiveness of information to produce decelerative control to a reliance on an over-simplistic operant conditioning model, and the plausible suggestion was made that if only we would turn to a more complex human skills approach, success would follow. However, this informational complex* human-skills path has been investigated both by opponents (e.g., John​ston, 1977) and (more thoroughly) by proponents (e.g., Lang, 1977a, 1977b) of the skills approach; and both sides now appear to agree that although the approach works well for cardiac acceleration, it is unfruit​ful for such anxiety-reduction-associated psychophysiological functions as heart rate (HR) deceleration.
In concentrating on achieving more and more sophisticated ways of giving subjects information about their HRs, we may have been forget-ling to focus on information concerning the HRR (i.e., the HR response). Once we turn our attention to the target response to be learned (here, the decelerative HRR), reasons emerge why the biofeedback and/or operant methodology may not turn out to work so well. It is true that operant conditioners have developed impressive regulation or control over bar-pressing rates for food in the Skinner box through the principles of reinforcement. If the operant analogy is applied in an uncritical way, it may seem that if only we gave subjects information about their ANS functioning and rewarded or reinforced them for behaving the right way, then the same degree of regulation or control would follow. But there are two disturbing differences between the bar press and the decelerativc HRR situations—differences that both emerge only after one "remembers the response." First, the nonreinforcement or failure-information events may well produce behavior that is diametri​cally opposed to the target response in the HR situation. Especially if the achievement of decelerative control is critical for the person concerned (e.g., a 55-year-old, overweight executive with a history of cardiovascular problems), it is not too much of a speculative leap to predict that failure information will result in an increase in anxiety and HR acceleration. I here is no one more tense than a person trying his hardest to relax. I his consideration  serves  to remind  us that  information  may  have
beneficial effects or no effects but that it also may have detrimental effects. This type of potential "bidirectionality" of influence is known to exist for all behavioral manipulations, but my guess is that when the manipulation in question is in current favor, the possibility of detri​mental effects tends to be ignored. My further guess is that informa​tional manipulations are in current favor because of the recent "para​digm shift" (Segal 8c Lachman, 1972) to "cognitive control" in psychology (Furedy, 1973). As I have argued in detail elsewhere (Furedy, 1975b), it certainly seems that there is a strong but unjustified Zeitgeist for viewing information of the sort provided by signaling the time of occurrence of noxious, unmodifiable events as having only beneficial effects; so that, for example, most psychologists continue to believe—contrary to the weight of evidence—that human subjects generally prefer signaled over unsignaled shocks.
I have chosen to refer to the signaling informational issue because one feature that it shares with the HR decelerative biofeedback area is that the overall differential effects are typically not large, and null outcomes are quite common even with relatively large samples of subjects. If the manipulation in question (or, preferably, under genuine investigation) is recognized to have potentially opposing influences associated with it, then such null outcomes need no longer be dismissed as "unsuccessful" attempts at demonstrating "the phenomenon." Rather, in the case of decelerative HR biofeedback, it can be recognized that null or small-difference outcomes may have resulted from the combined (but oppos​ing) influences of the beneficial and detrimental influences of the information (feedback). Lang (1977a, 1977b) has in fact illustrated this investigative approach to HR deceleration when, on the basis of his data, he suggests that at some point, enriching information may actually interfere with decclerative control.
Turning to the second problem (which again seems to be less evident in the bar press than in the decelerative learning situation): The operant shaping procedures applied to decelerative HRR as the target, to-be-learned response may on reflection represent an extremely crude applica​tion of operant conditioning technology. That technology has achieved very impressive control over certain skeletal (motor-muscular) behavior, as well as over accelerative HRR (which, however, is probably mediated by skeletal systems). However, the technology probably requires conditions under which the response to be learned has a fairly high rate of "spontaneous" emission and where most of the learning process consists of increasing the frequency of those emissions. Moreover, even if the idea stated in the last sentence is not acceptable, there is little doubt that the operant technology can work only if the person (or computer) doing the shaping can clearly and readily discriminate between cases where the response or (something like it) has occurred and where it has not.
Successful shaping by definition depends on immediately reinforcing or rewarding correct responses and not reinforcing incorrect responses. Of course there is flexibility in the shaping procedure with respect to the criterion one sets for deciding whether or not a given behavior will be counted as "correct." For example, when shaping a rat to press a bar, early in the shaping process we tend to be liberal about what we would accept as a "bar press" (i.e., the correct response) and will accept anything that approximates what is wanted; later on, the criterion for "bar press" is made more stringent as the rat learns to press the bar more and more frequently. However, in this example, there is little difficulty in determining, most of the time, whether the behavior that has just occurred is or is not to be counted as a bar press. The person doing the shaping can usually see whether a given behavior is correct or incorrect. The only area of doubt—and it is a small area—is represented by cases where an "in-between" behavior occurs that falls close to the criterion. Such instances, however, are rare in standard, successful operant shaping. On the other hand, in biofeedback manipulation of heart rate deceleration, there is a constant background of cyclic and irregular variation in heart rate due to sinus arrhythmia, a variation of about 5 beats. So, every 5 seconds or so, a 5-beat deceleration will occur as part of this background noise. Given that biofeedback methodology has only managed to obtain mean decelerations or 1 or 2 beats (Blanchard & Young, 1973), it becomes apparent that these small decelerations may be "lost" against the background sinus arrhythmic 5-beat variation, and the shaper (whether it is a human or a computer) simply cannot discriminate with any degree of accuracy whether the response it has reinforced is the true decelerative response or only part of the sinus arrhythmic back​ground "noise."1 It is as if we were asking a student to shape a rat to press
1The accelerator target HRR, being much larger, is presumably easier to discriminate and hence shape. Implicit in my analysis, however, is the notion that the target decelerative (and probably accelerative) HRR consists of more than one interbeat interval (IBI). Otherwise, as early workers have noted (Engel & Hansen, I960, p. 176) the discrimination and shaping process can be completely accurate with modern computer technology, whereby individual IBI’s can be precisely and immediately reinforced according to specific criteria. I recognize that at the moment, I have no basis for this multiple-Mil specification of the target decclerative response other than the apparent fact that immediate and precise reinforcement of single-IB I decelerations has not produced impressive evidence of operant control. A similar lack of independent specification exists for the accelerative HRR, which is said to be easier to shape only because it in fact appears to be larger than decelerative HRR. Accordingly, the analysis of the problem given so far is in no sense a genuine explanation of the facts concerning the target response but only, at best, a description of them. However, at this point I am only asking that we “remember (some facts about) the (target) response.” in the hope that a description of the relevant facts will eventually result in explanations where the explicandum consists of robust and relatively large-magnitude (decclerative HRR) phenomena that are, through control procedures clearly interpretable in legitimate rather than probable terms
the bar, but we put spectacles on (he student that produce such blurring that he or she can hardly see the position of the rat in the Skinner box, let alone what the animal is doing. Under such conditions, it would be surprising indeed if the correct response were always imediately rein​forced and the incorrect response never reinforced; the student would be behaving more like a random number generator with respect to the response (the bar press) to be learned or shaped than like a successful operant conditioner.
In the light of these sorts of considerations, it seems better to start by providing the target response through forms of the Pavlovian prepara​tion (Furedy 8c Poulos, 1975, 1976), so that we can have something to reinforce or increase control over via later feedback. The most successful form of Pavlovian decelerative learning has been an "imaginational" one (for details, cf. Furedy, 1977b) wherein the CS is complex, including having the subject imagine the (negative tilt) US on presentation of the CS. This preparation—which produces deceleration HRRs of some 10 bpm that arc relatively easy to discriminate from sinus arrhythmic varia​tions—is unconventional, since the subject is asked to play an "active" role in the conditioning process not only in terms of motor activity (head-drop component of the CS) and the lack thereof (no movement, avoiding tensing up, or respiration fluctuations) but also in terms of imagining the US as part of the CS complex. However, although the preparation is therefore not orthodox, its operations are essentially Pavlovian in nature. Even the elimination of early accelerations, through periodic instructed relaxation dependent on their occurrence, can be viewed as analogous to adapting the dog to the harness before commenc​ing classical salivary conditioning. Without such adaptation, dogs will typically not only fail to show the CR but will also fail to show any reliable UR, because struggling behavior ("freedom reflex") will compete with salivation (cf. Pavlov, 1927, pp. 11-12). The adaptation process no doubt contains operant components, but the essential features of the conditioning procedures remain classical in that no contingency exists between the response to be learned (MR deceleration) and the rein forcer (tilt US). In particular, there is no biofeedback at this Pavlovian stage, although—to return to the theme of this volume—"self-regulation" both of the target IHRR and of other systems is clearly involved.
However, as also reported elsewhere (Furedy, 1977b), once the target response has been learned through Pavlovian methods, it seems bene​ficial to introduce feedback or verbal reinforcement, with the CS becoming an SD in the presence of which (larger and larger) decelera​tions are reinforced. So Pavlovian-based self-regulation seems now to be successfully joined with biofeedback, provided that we have first "re​membered the response." Also, in terms of applications, there is en-
couraging preliminary evidence that this decclerative learning is trans​ferable from the artificial tilt-table situation (Furedy, 1975a). There is the point, detailed previously (Furedy, 1977b, p. 352), that the learned decelerations are phasic rather than tonic changes, but as indicated in the same paper, such phasic learning appears to have as much potential medical relevance as tonic decelerative learning. So the problem's solution appears at this level to be simple. If we "remember the response," success will be much more likely to follow, However, a closer and more critical look at the picture—given in the next section—reveals a more complex if also more interesting pattern.

THEORETICAL: A CLOSER LOOK

REVEALS THE QUIRKS
In seeking to account for the failure of orthodox biofeedback to work in producing adequate HR decelerations, I have recently tried to go beyond the descriptive points already made concerning the lack of close relation​ship between the bar press and the decelerative MR target responses. This attempt at a more theoretical account is at a very preliminary stage, but as suggested elsewhere (Furedy, 1977a), it docs seem to account not only for the cardiac results of concern here but also for a seemingly quite different area—the limits of "cognitive control" in classical GSR condi​tioning (Furedy, 1973). The idea, briefly, is that conditioning involves propositional as well as response-learning processes. I am aware that the term propositional has both negative and mentalistic connotations and that after (he classic dispute between Tolman and Hull, most psychologists think that the two processes (i.e., cognitive map vs. fractional anticipatory goal responses) cannot be distinguished. However, as Bitterman (1957, p. 144) showed some years ago in a somewhat unpleasant but neverthe​less incisive review, the two processes can be distinguished experimen​tally, at least in principle, although carrying out the successful experimentum crucis is as usual fraught with difficulties (Furedy & Champion, 1963; Gonzales & Diamond, I960). Such experimentation is relevant, because although the two processes arc both quite vaguely specified,2 there is a
2For example, although the fractional anticipatory goal response (rg) has had salivation frequently mentioned as a component, when Lewis, Butler, and Diamond (1958) failed to influence alley running by "direct manipulation" of the salivary component, the conclusion of these investigators concerning their results was not that the rg was not operative but that although the rg “is often thought to be corporeal,. .. such a conception is not ‘essential’” (Lewis et al., 1958, p. 575). Again, with respect to the rg’s properties, there appears to be an equal lack of specificity, since whereas Logan (1959) asserted it to be nonfatigable, Moltz (1957) had earlier used the rapid fatigability of the rg to explain the phenomenon of latent extinction.
practical conceptual distinction between the two sorts of processes. The distinction is that whereas a proposition is statable in the form, "X object] is [copula] V [predicate]," and can be appropriately characterized as true or false, a response is not so statable or characterizable. In these terms, processes generally thought of as "cognitive" such as images d ideas would not be characterized as propositional, it being inappropriate to describe an image or an idea per se as true or false. Also, propositional processes should not be thought of as automatically being resolved only in the accounts of nonbehaviorist, phenomenological incidents of human processes, since the originator of the term cognitive p (Tolman) was an experimenter who spent most of his time studying the behavior of nonverbalizing animals.3
Guthrie's famous jibe at the insufficiency of Tolman's propositional account of behavior was that the latter’s theory “left the rat buried in thought” at the beginning of the alley. Except that running down the
3Merely to rule out inadequate distinctions, however, is not to provide adequate ones. I it is this current lack of operational specification that is responsible for the "preliminary stage" of my theoretical account. Nevertheless, besides the formal distinction offered he text, it is likely that response and propositional processes can also be distinguished, respectively. in terms of phasic and tonic changes. The following thought (but quite doable) experiment illustrates this. First pair (CS+) and not pair (CS-) two tones with an extraorbital shock in a rabbit. The shock is a US for the nictitating membrane response NMR), and highly reliable NMR conditioning can be produced /the CS- US interval is of order of 1 sec. or less. In this experiment, the CS-US interval should be. say. 30 sec— h 30-scc CS durations; it is likely that little or no NMR conditioning will he observed. The second stage of the experiment is a preference test where the now freely moving rabbits given a choice between entering a compartment in which CS+ or CS- is sounded; I predict that the animals will show evidence of associative learning in this behavioral preference test but would suggest that this would show propositional (relational) learning about any response (NMR) conditioning. Readers familiar with the recent learned-taste-aversion experiment will recognize the formal similarity of the design of this proposed experiment to many of those in that literature. I do not believe (though I have no good evidence) that in those taste-aversion experiments the animals (make the response of) be(ing) sick at CS+ onset; in Tolmanian terms rather, they learn the proposition that CS+ sign of the (unpleasant) US. The response processes just discussed arc not only all not characterizable in propositional terms (i.e., it would be a category mistake to ask whether they are true or false); they also are all relatively phasic compared to the more statelike propositional learning process. It will also be noted that the CS-US interval factor plays a more important role in the learning of responses than of propositions (see also Kamin’s 1965 review of the CKR literature and the seeming irrelevance of the CS-US interval), although seriously the further apart in time two events are, the harder it is to learn that they arc related. Finally, it will be recognized that my concentration on phasic rather than tonic HR accelerations and my Guthrian characterization of conventional (tonic) decelerative feedback as failing to teach the subject how to do it (see later text) stem from the response propositional distinction that—though obviously not easy to make—seems nevertheless well worth trying to make in trying to understand how to teach sell-regulation of (difficult) cardiac functions.
alley for food is an easy response for rats, whereas producing deceleratory HRRs is hard for humans, Guthrie's jibe is applicable with a slight twist to the human subjects of the seventies. The reliance on biofeedback's central tenet—that information will always help—is a consequence of the recent so-called cognitive paradigm shift in psychology, and conventional biofeedback leaves the subjects "buried" in information about what their hearts are doing but unable to decelerate because we have not taught them how.
One might think that for such an "applied," "how-to-do-it" problem we should turn to the Skinncrians. However, most of the "hard-core" operant literature will not help us much, because it supplies very little systematic and scientifically communicable information about the acquisi​tion of responses. The problem is summarized by the operant dictum that "shaping is an art"—the principles of which can be stated in terms that must remain unspecific. When one works, not with an easy response like bar pressing for food, but with a difficult one like bar pressing to avoid shock, the essential vagueness and incommunicability of the principles of shaping become painfully evident. Thus one tries both to maintain an "adequate" rate of reinforcement so as not to lose control over the rat and yet to "gradually" make the reinforcement criterion more stringent so as to develop the response. It will be noted that although the foregoing description in general and the terms adequate and gradually in particular are probably useful for helping the experienced shaper (or, if extraordinarily skillful, the "shaping artist") to pass on skill to the neophyte, the latter will ask in vain for further specification of those two terms. Indeed, the operant literature is actually a source of cognitive data. By using initially easy responses (e.g., bar press for food or shuttle to avoid shock) that can be quickly trained (through the "art" of shaping or quite often by simply arranging the terminal response-stimulus con​tingencies without any preliminary shaping) to "steady-state" asymptotic levels, the operant literature provides us with information about animal cognitive or propositional processes that are statable in propositional form (e.g., "This act is followed by that high-valence consequence"). But for the problem of how to teach a response as difficult as the decclerative HRR, the conventional operant literature is not likely to be of much help.
Accordingly, the Pavlovian-based preparation (Furedy, 1977b) owes its relative success to the fact that it starts out with a large-magnitude reflex or response process. Moreover, even when the Pavlovian CR learning appears to include mentalistic elements (i.e., producing an image of the US in response to the CS), the process is still not propositional in the sense previously defined. As detailed elsewhere (Furedy, 1077b, p. 348). the addition of the "imaginational" component to the Pavlovian preparation is not related to the genuinely cognitive
component that is stressed by conventional "cognitive" theories or Pavlovian conditioning: (propositions!) knowledge of the relation be​tween the CS and the US. Such "relational awareness" is probably necessary for decelerative learning, as has been suggested for all human autonomic classical conditioning (Dawson & Furedy, 1976), but strength​ening the subject's conviction in the closeness of this CS-US relationship did not help to augment the decelerative CR. Other response-associated manipulations (detailed in Furedy, 1977b) were apparently needed to leach those relatively large-magnitude decelerative CRs.
Once the Pavlovian, reflexive stage is achieved, then we find that information or feedback does seem important inasmuch as it appears to aid decelerative IIRR performance. It will be noted, by the way, that the content of this propositions! information is feedback about the relation​ship between a response (MR deceleration) and a stimulus (verbal rein​forcement), rather than the S—S (CS —US) relationship in Pavlovian paradigms. And once the response- or reflexive-based processes have been used (through Pavlovian methods) to initiate the desired HR decelerations, biofeedback does become useful for shaping the target response. So self-regulation may eventually be helped by (propositional) information, but such information appears initially to be either irrele​vant or even detrimental in situations where the target behavior is difficult for the subject to produce.
However, puzzles remain once the data are more closely examined. These puzzles indicate that the slogan about remembering the response may be necessary, but it is certainly not sufficient for understanding (and therefore controlling) the self-regulation of cardiac function. For the sake of brevity I, merely sketch three sets of data-based problems that all indicate to me, at least, that we have a long way to go before "wrapping up" this set of issues.
First, there is the problem of the role of imagery. I have called the Pavlovian decelerative preparation "imaginational," because—as detailed elsewhere (Furedy, 1977b, p. 348)—instructions to imagine the US on CS presentation significantly increased decelerative HRR performance; so that imagery seemed to be a necessary, though not sufficient, condition for the decelerative phenomenon. The critical problem here is to establish what sort of relationships exist between the imagining-the-US variable and the extent of decelerative cardiac conditioning in our preparation. It is first necessary to develop some precise measure of the subject's imagining of the US (e.g., image vividness). To illustrate by means of an analogy borrowed from human GSR conditioning—a recently popular view of such conditioning had been one of complete "cognitive control" (e.g.. Brewer, 1974; Furedy, 1973) of GSR condi​tioning by the variable of awareness of the CS—US contingency relation-
ship. However, the development of a more precise measure of such awareness led to a rejection of this extreme position, since the relation​ship that then emerged was that whereas contingency awareness is neces​sary for GSR conditioning (the "necessary gate" hypothesis; Dawson 8c Furedy, 1976), the two phenomena are not quantitatively correlated (Furedy & Schiffmann, 1971, 1973; Schiffman & Furedy, 1972, 1977).
In the present case, the corresponding phenomena are imagination of the US and the conditioned cardiac decelerative response, and an adequate empirical account of the relationship between them depends on the development of sensitive image-of-US ratings. However, the difficulties with this measure far exceed those encountered in CS-US relational contingency awareness situations, since the validation process here is far more complex than in the latter case, where it involved relatively straightforward instructions to subjects as well as a clearly external criterion (i.e., objective CS-US relations) of "construct validity" (Cronbach, 1960; cf. Schiffmann 8c Furedy, 1977, p. 276). In contrast, the validation of image-of-US ratings in the present cardiac conditioning preparation might lead perilously close to old and fruitless controversies such as that about "imageless thought." Nevertheless, given the seeming importance of imagery in this preparation, it is necessary to at least attempt to develop such a program of research, and this is currently being initiated at the Toronto laboratory. The potential implications of determining the role of imagery for human cardiac Pavlovian condi​tioning in particular, and for Pavlovian learning in general, appear far too important to ignore.
The second problem is to determine how feedback or operant response-contingent reinforcement affects the learned cardiac control. One aspect of this on which we have data is that, as reported elsewhere (Furedy, 1976), relatively subtle biofeedback manipulations can have considerable effects on decelerative HRR. The other aspect, however, arose from a suggestion in 1976 from Tursky that we modify what is already a complex two-stage conditioning procedure by including the tilt US itself in the feedback. The rationale for this suggestion was the notion that external consequent stimuli in feedback should be chosen to result in afferent input to the actual response system being manipulated. Our adoption of Tursky's idea led to both a triumph and tragedy.
Since our learned decelerative HRR is phasic and fast-recruiting (most of the deceleration occurs from one beat to the next within 3 to 5 sec-after CS onset), Tursky's suggestion was instituted4 in the experimental
4The data for this experiment were collected in an Undergraduate Research Project at the University of Toronto performed under my supervision by B. F. Hurwitz and J. W. Jutai.
(N = 16) group by including the tilt as a reinforcer in an operant shaping procedure wherein the (operant) reinforcement schedule was set at (approximately) 80% and lilt reinforcement was delivered with a minimal delay contingent on decelerative performance from 3 to 5 sec following CS (or SD) onset. The conditions of the controls (N= 16) were designed to allow a relatively unequivocal interpretation of performance differences in terms of tilt-operant reinforcement effects. Specifically, the controls received the same number of tilts following the CS, delivered 3, 4, or 5 sec after CS onset. Both groups, therefore, in Pavlovian terms, received CS-US pairings on an 80% schedule with an ISI that varied (approximately) between 3,4, and 5 sec on paired (80% of the time) CS-US trials.
The "triumph" aspects of the results are that the between-groups tilt-contingency effect emerged not only as statistically significant, p < .05, but also presented a sizable mean performance difference, with the experimental decelerations (X = 9.6 bpm) being almost twice that of the controls (X = 5.3 bpm). This difference due to tilt contingency was especially impressive, since both groups received the graded verbal rein​forcement contingent on decelerative performance. Moreover, especially because the shaping process is quite subjective, the experimenter vari​able was included as an additional, counterbalanced factor and was found to have no effect on decelerative performance.
The "tragic" aspects emerged from a most unexpected source. All subjects underwent the acquisition-extinction-reacquisition procedure with no tilts or any verbal reinforcement during the 13-trial Pavlovian and operant extinction phase. Contrary to all expectations based both on Pavlovian and operant principles, extinction performance significantly though only slightly (by approximately 10%; note that this is a within-subjects effect) exceeded acquisition performance. Reacquisition per​formance was better still, but nevertheless it is clear that our under​standing of the conditions under which biofeedback does and does not affect HR decelerative learning and how biofeedback interacts with the Pavlovian procedure leaves much to be desired.
The third and final problem illustrates the psychophysiological com​plexities that the data present us with when we start to record jointly both HR and another index of cardiac function—T-wave magnitude (TWM). This measure, which has long been familiar to cardiologists but has not been frequently used and quantified by psychophysiologists, is unob​trusive like HR and can be obtained on a beat-by-beat basis. Whereas short-latency, phasic HR changes reflect both parasympathetic (activa​tion) and sympathetic (withdrawal) ANS influences on the heart, it is generally accepted by physiologists that TWM indexes almost solely sympathetic: ANS activity (cf., e.g.. Matyas & King, 1976). Moreover, it is

also generally agreed that a TWM increase of about 50 microvolts represents a clinically significant amount of sympathetic withdrawal. As I explain below, Fig. 14.1 shows a case where our joint Pavlovian- feed​back technique has resulted in a learned TWM increase (sympathetic withdrawal) of some 150 microvolts, but we are very far away indeed from any general theory that will explain these powerful results
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FIG.  14.1.    Learned, phasic, long-latency (sees 6-8). Large-magnitude sympathetic withdrawal through covert Pavlovian and feedback operations.
The procedure involved in gathering the data shown in Fig. 14.1 was quite complicated, bull it is sufficient to note that there were l6 (4 blocks of 4) CS-US imaginational Pavlovian training trials with a longer than usual, 5-sec (IS-US interval (as shown on the abscissa from sees 0 to 5). This longer CS-US interval allowed the application of operant verbal feedback reinforcement for decelerative HRR as the target response on each Pavlovian CS-US training trial during the extended CS-US interval. So we have a combination of Pavlovian and feedback techniques wherein extending the CS—US interval permits the simultaneous applica​tion of contingent reinforcement in the presence of the discriminative stimulus with HR deceleration as the shaped target response.
Our original reason for plotting the TWM data in Fig. 14.1 over the time range shown on the abscissa was to determine the nature and topography of the CR (if any) and the UR in this jointly recorded measure. However, the critical points that caught our eye (and should catch yours) are sees 6 to 8, where only the group that received prior Pavlovian conditioning showed the benefits of biofeedback by a learned response of some 150 microvolts TWM increase. Skeptics will note that if we had run only the subjects in the prior-Pavlovian-conditioning group (solid lines), it would have been possible to argue that this large and sudden TWM increase over sees 6 to 8 merely represented the beginning of the overall TWM-increase UR to the tilt US. Counterarguments against this view would then have consisted of asserting that the UR onset latency was too long for the 6-8-sec TWM increase to be counted as a response to the tilt US. Also, the fact that the TWM increase over sees 6 to 8 is slowed down and even reversed over immediately succeed​ing seconds suggests that the change over the 6-8-sec period is not a response to the US. However, these counterarguments are made totally unnecessary by the data that are available from the other group (broken lines), which was subjected to the identical conditions but differed only in past experience (i.e., no prior imaginational Pavlovian conditioning with 10 CS-US trials at the extended 5-sec CS-US interval). This no-prior-Pavlovian-conditioning group provides the perfect (though accidental, since we had no idea of getting these sorts of results) control for asserting that the 150-microvolt TWM increase over sees 6 to 8 in the "experi​mental" group (solid lines) is not a UR but a learned response. These data, then, are clearly interpretable in the statistico-methodological sense as providing evidence of large-magnitude learning of phasic sympathetic withdrawal. We can even be a little more specific in our description of the results by saying that only the group that received prior Pavlovian conditioning showed the benefits of biofeedback by a learned response of some 150 microvolts of TWM increase. Rut further aspects of these powerfully differential results produce only puzzles in theoretical terms.
First, it appears that the influence of prior Pavlovian training on subsequent biofeedback is covert, since the group receiving prior Pavlovian training (solid lines) showed no signs at all of this type of learning during that 10-trial Pavlovian session. Second, even where the large-magnitude learning effect does emerge (i.e., solid-line group in Fig. 14.1), it emerges very late during the CS-US interval and usually after the delivery of the feedback (contingent verbal reinforcement), hut third—and this is the most critically puzzling aspect of the results—the concurrently measured HR deceleration data show no signs of the difference between the two groups shown in Fig. 14.1 in terms of the TWM measure, even though it was HR deceleration rather than TWM increase on which verbal reinforcement was contingent. What we have here, then, is methodologically clear and large-magnitude (i.e., 150-microvolt TWM effects) evidence to indicate the covert Pavlovian condi​tioning of the sympathetic branch of the ANS in its influence on cardiac function, where verbal reinforcement (feedback) affects not the psycho-physiological index on which it was contingent but the other index.
The three data-based puzzles just presented show that whereas the Pavlovian-feedback approach—combined with attending to the phasic target response—has produced some powerful effects, our under​standing of what is going on is as yet severely limited. Accordingly, it seems appropriate to end with the following alliterative expansion of this paper's slogan: Remember the response, but prepare for puzzles!
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