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Beyond the Pavlovian Connection in Teaching

Large-Magnitude Heart-Rate Decelerations:

Behavioral and Physiological Extensions1
John J. Furedy, Ph. D.
Department of Psychology

University of Toronto

Ontario, Canada

Last year in this meeting I argued for and presented evidence relevant to the position that in our research for teaching and learning to slow our hearts down we would do well to remember Pavlov (Furedy, [5]). In summary my arguments for attending to the "Pavlovian Connection" in this context were threefold. First, I noted that recent reviews of the evidence concerning the efficacy of biofeedback methods for producing heart-rate deceleration indicated (e.g., Blanchard & Young, [2]) that these methods, which basically rely on telling the subject what his heart was doing, were ineffective. Second, I argued that in terms of the ultimate usefulness of learning to lower one’s heart rate, the phasic changes characteristic of Pavlovian procedures may be more relevant to alleviating the effects of sudden phasic stressors than the changes in tonic levels towards which most biofeedback-based techniques are directed. Third, I suggested that the analogy between biofeedback cardiac decelerative training and the standard Skinner box situation may not be so close; in particular, that the difficulty may be that in the former case there are no   clear   decelerations   to   reinforce   during   the   shaping   process.
Elsewhere I have made (e.g., Furedy, [6, 7]), and shall probably continue to make, these sorts of arguments against the initial use of biofeedback for producing heart-rate decelerations. More important than such arguments, however, is evidence that an alternative to the initial use of biofeedback is available which does, in fact, appear to "work" better. That sort of evidence was presented last year at these meetings (Furedy, [5]). Specifically a form of "imaginational" Pavlovian conditioning in which an actively participating subject was instructed on hearing the CS to imagine the (negative tilt) US yielded decelerations of over 10 beats per minute (cf., Furedy, [5], Fig. 2). Moreover, this form of decelerative learning was
'This research was supported by grants from the Medical and National Research Councils of Canada. For data and ideas reported in this paper I am indebted to: J. Arabian, R. Heslegrave, F. Klajner, and L. MacKay.
shown to be potentially transferable to real-life situations outside the laboratory, since the Pavlovian training in an experimental group was shown to facilitate decelerative performance relative to a control group which did not receive the same sort of Pavlovian training (cf., Furedy, [5], Fig. 3).
The fact that this imaginational form of Pavlovian conditioning seems to be effective compared to more conventional forms presents theoretical difficulties for scientists concerned with the nature of Pavlovian conditioning, difficulties which I have noted elsewhere (Furedy, 1977 5a). In terms of po​tential applications, however, these theoretical puzzles can probably be left unresolved for the moment. It is already clear, as indicated last year (Furedy, [5]), that potentially this form of behavioral control is applicable for counteracting the sudden, unavoidable life stresses which elicit phasic and unadaptively large heart rate accelerations as part of the "fight or flight" reflex. Today I'd like briefly to consider the extensions of this form of imaginational decelerative control. In terms of what I have called "behavioral extensions" in the title of the paper, I shall present evidence which suggests that the addition of non-Pavlovian operant-biofeedback methods further strengthens the degree of control produced by the imaginational Pavlovian method; in brief, I shall suggest that once you have the basic decelerative response going, biofeedback does indeed appear to "work" for heart-rate deceleration, and not just for heart-rate acceleration (cf., Blanchard & Young, [2]). Then, in terms of what I've called "physiological extensions," I shall report evidence on other simultaneous changes which occur during decelerative conditioning, changes which are both medically important and potentially independent indices of cardiovascular function.
On the behavioral-extension, biofeedback side, what we have done is to provide information or feedback in terms of graded verbal reinforcement. That is, large-magnitude heart-rate decelerations are reinforced by the experimenter saying "good", "very good", or even "excellent", depending on the size of the, now operant, response. In Skinnerian, operant terms, the imaginational "drop" CS of our Pavlovian paradigm becomes a discriminative stimulus in the presence of which decelerative responding is reinforced. One way of combining the Pavlovian and feedback methods in this way is a successive paradigm, with initial Pavlovian training followed by operant reinforcement in the total absence of any Pavlovian CS-US trials. Such an absence of negative tilt USs constitutes, of course, Pavlovian extinction, and, as shown last year and in the slide (Furedy, [5], Fig. 2), decelerative responding under these Pavlovian extinction conditions returns to control levels of about 4 beats after 10 such no-tilt, CS-alone trials.
However, as the next slide (Fig. 1) shows, if operant reinforcement is introduced during quite extended periods of such Pavlovian, tiltless extinction, the decelerative response appears to come under the control of
such reinforcement or biofeedback. The levels of deceleration in our two child subjects shown in the slide (Fig. 1) are higher than those of normal adult subjects, but what is important is that during the provision of feedback, that is during so-called "acquisition" and "reacquisition", decelerative respond​ing is maintained, whereas responding deteriorates when, in so-called "extinction", that verbal-reinforcement feedback is removed. The data you are looking at in this slide are all based on a period of tiltless trials, trials which, from a Pavlovian point of view, are all "extinction" trials. Yet the decelerative response which, as I showed you in the last slide (Furedy, 1976, Fig. 2), practically disappears after 10 such tiltless trials, here is maintained at high levels even after some 45 of such Pavlovian extinction trials. So biofeedback following Pavlovian conditioning seems to work well here. Still, I tend always to be suspicious of data based on just a couple of individuals, and certainly this lack of statistical evidence has been one of the features to which Blanchard & Young [2] pointed in their assessments of claims regarding the efficacy of biofeedback to effect decelerative learning. So the next slide (Fig. 2) presents data based on two groups of 5 normal adult subjects, and the trend shown in the slide — that the so-called "finely shaped" group learns to decelerate better than does the "crudely shaped" group — is significant at beyond the .01 level of confidence. The arrangements used to
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produce these data comprise what may be called a simultaneous Pavlovian-operant paradigm. Specifically, the "drop" CS is always followed by the negative tilt US, but as interval of 5 rather than .5 sec. This longer CS-US interval produces less dramatic Pavlovian conditioning, but allows the anticipatory CR to the CS to be observed on training CS-US trials before the CR is confounded by the UR produced by the US. Accordingly, it is possible, as was done here, to give feedback on the basis of CR performance during Pavlovian CSUS conditioning, i.e., to apply Pavlovian and operant methods simultaneously.
Now both groups shown in the slide (Fig. 2) were shaped or given verbal reinforcement contingent on decelerative performance preceding that produced by the tilt US. The only difference was that the criterion for reinforcement in the finely-shaped group was shifted during training as a function of individual performance, as would be done by a skilful shaper of a rat being taught gradually to press the bar in the Skinner box. On the other hand, the criterion for reinforcement for the crudely-shaped subjects was set
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on the basis of the subject's initial performance level at the beginning of training, a method of shaping which is certainly employed with considerable success in Skinner-box shaping by less pernickety practitioners of the art of shaping. It is important to add, by the way, that the amount or rate of reinforcement was about the same (70% of trials) for both groups, so the difference we are looking at is not simply due to differential amount of encouragement or reinforcement. The difference in treatment is, indeed, quite a subtle one; the finely shaped group can be conceived either as being trained with a more precise response-reinforcement contingency, or as being given somewhat superior feedback. Yet this relatively weak operant manipulation has produced a clear and statistically significant effect in what is a relatively small number of subjects for experiments in autonomic conditioning. So it would appear that as long as imaginational Pavlovian conditioning is provided, relatively subtle biofeedback manipulations can have considerable effects on heart-rate deceleratory behavior.
On the second sort of extension, physiological, my reporting of the actual results will have to be even more sketchy because of time limitations. From an applied point of view the significance of these data is considerable in the negative sense. For example, if we were to find that in the process of teaching people to decelerate their hearts, we were also teaching them to increase their blood pressure, the potential usefulness of this form of behavioral control for countering stress would be severely limited. In fact, the blood-pressure data we have collected suggests that no such increase occurs, although it is also true that no decrease occurs either during heart-rate deceleration. There are probably a multiplicity of influences at work here, but I don't want to say any more about blood pressure, because we are rather unhappy about our method of measurement, which is the obtrusive, cuff-inflation method. This method is especially unsuited for assessing short-term phasic blood pressure changes, but I think I can say with reasonable confidence that no large-magnitude increases in diastolic or systolic pressures seem to accompany not only our learned decelerations, but also the much larger-magnitude decelerations induced by the tilt US.
On a more positive note, we have also been involved in concurrent recording of the T-wave component of the electrocardiogram, and this mode of recording, unlike that used to assess blood pressure, is both unobtrusive and, like the heart-rate, reflects parasympathetic and sympathetic ANS influence on the heart. It is generally accepted by physiologists that T-wave magnitude indexes almost solely sympathetic ANS activity (cf., e.g., Matyas & King, [14], and, to put it briefly and dogmatically, an increase in T-wave magnitude of over 50 microvolts represents a clinically significant amount of sympathetic withdrawal. The next slide (Fig. 3) shows that in terms of this 50-microvolt level, the male, but not the female, child has apparently learned

significant sympathetic withdrawal as a function of imaginational Pavlovian conditioning combined with biofeedback. For the male subject, at any rate, one can say that a physiologically significant modification of cardiac function has occurred, a modification which involves control of both sympathetic withdrawal and parasympathetic activation.
Finally, to present group data on our T-wave measure, I shall end the results section of this talk by showing you physiological-extension results which are clearly interpretable in the statistico-methodological sense, and which are highly encouraging in terms of the power of our joint Pavlovian-operant technique, but which also leave us scratching our heads for a general theory to explain the results. We note that the procedure involved 16 CS-US training trials with a 5-sec. CS-US interval with the simultaneous application of operant verbal feedback reinforcement. The critical points are seconds 6-8. Comparing the two groups, only the group which received prior Pavlovian conditioning shows the benefits of biofeedback by a learned response of some 150 microvolts T-wave increase. Moreover, to make things even more puzzling, this influence of Pavlovian training on biofeedback is covert, since that group, during the prior Pavlovian conditioning, showed no signs at all of this type of learning. And, to make things even more complex, the concurrently measured reinforced heart-rate deceleration data show no signs of the difference between the two
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groups shown in the slide in terms of the T-wave measure. To put it in a dogmatic, yet both sound and very puzzling nutshell, the covert Pavlovian conditioning of the sympathetic (but not the parasympathetic — remember the heart-rate results) branch of the ANS influences the cardiac function. It is clear that while we seem to have both impressive and promising evidence of control of cardiac function through joint Pavlovian and feedback methods, our understanding of what is going on is, as yet, severely limited.
Nevertheless, it is already clear that the potential range of applications of the combined Pavlovian-operant technique which I have been describing is considerable for contexts where the individual wants to produce phasic, but large-magnitude heart-rate decelerations (as well as T-wave magnitude increases, but for simplicity's sake I shall restrict attention to only the heart-rate deceleration index for the remainder of the paper). The term "potential" bears particular emphasis because, at the moment, our CS is both experimenter generated, and is rather clumsy and elaborate, compared to a CS like simply imagining the tilt or touching one's earlobe. Nevertheless, especially given the encouraging transferability results reported last year at this conference (cf., Furedy, [51 Fig. 3), let us assume that this problem can be overcome. We can then see three main classes of individuals for whom the technique may be beneficial, individuals whom we might characterize as subnormals, normals, and supernormals for reasons which should become clear in a moment.
The first potential use is a medical one, and the following points should be noted with respect to this sort of application. First, a very likely physiological mechanism responsible for the large decelerative UR obtained with the tilt is the baroreceptor reflex: tilting the subject head down should certainly increase arterial pressure in the head and upper part of the body, causing baroreceptors in the carotid sinuses and the aorta to respond by exciting the vagal center and thereby decrease the elevated arterial pressure by decreasing cardiac rate and contractile strength (cf., Guyton, [9], p. 290-291). Moreover, there is also direct evidence which implicates vagal or parasympathetic involvement in the human decelerative conditioned cardiac response (Obrist et al., [12]). It is thus very probable that our Pavlovian decelerative CR is a result of parasympathetic activation, which can be considered to be the underlying neural or vagal CR. This in turn implies that this CR is relevant to supraventricular conditions or cardiac rhythm disturbances such as paroxysmal atrial or A-V nodal tachycardia. Although these conditions are not considered per se as major cardiac disorders, their persistence in an individual with an already diseased myocardium can sometimes precipitate congestive heart failure or coronary insufficiency (Goldman, [8]; Brobeck, [3]).
Now, such rhythm abnormalities are due to the emergence of ectopic focii, which contain cells with an abnormally short refractory period (cf., Friedberg, [4]; Howitt,  [11]; Goldman, [8]; Guyton, [9]; Brobeck, [3]), which can in turn be lengthened by parasympathetic activity (Hoffman & Cranefield, [10]; Olson & Waud, [13]). Consistent with these facts is the evidence that various physical procedures which trigger vagal excitatory cardiac reflexes, such as carotid sinus and ocular pressure, and Muller or Valsalva manouvres, are effective in inhibiting tachycardias (cf., Friedberg,] [4]; Guyton, [9]). The same holds for vagal chemotherapy (Howitt, [11]) and I direct electrical stimulation of the vagus (Bilgutay & Lillehi, [1]). Lillehei, [1])."
One feature of physical interventions is that they produce vagal excitation of a relatively phasic nature. Now, if a CS could be found which also produces such vagal CRs, and if it could be readily reproducible by the patient, this should be yet another technique of controlling tachycardias. Since we have developed a CS which produces a decelerative heart rate CR that is most likely governed by phasic parasympathetic activation, this certainly suggests that our technique should be applicable to the control of tachycardias. Moreover, since, unlike the above-mentioned medical interventions, this behavioral sort of intervention can be self-administered by the patient, it can, in principle, be mobilized precisely when it is needed most, that is, at the moment that an episode of tachycardia suddenly occurs. This is seen as potentially of great advantage over the conventional practitioner-administered medical therapies which are often unavailable to the patient at the time when they could be of most use.
The second potential use is what one might call "general health". For example, a stressed but healthy executive is given some news which makes him want to throttle the source of the information, and which, of course, produces sudden phasic acceleration. The behavioral management of these phasic psychic stresses would be exercised by previous decelerative conditioning, and it should be noted that although knowing what his heart is doing may help our executive, such information may not be necessary or even important for a given individual. He may simply be using the feedback to help him in making the image of being tilted particularly vivid, rather than using the feedback to get information about heart rate itself. As far as he is concerned, of course, this use of feedback is fine, as long as the decelerations are produced.
In the third potential use, however, it may be that the more orthodox biofeedback notion of the importance of information about the physiological function itself may become more relevant. We expect that there are other situations as well, but probably no situation seems as aptly fitted by our decelerative technique as that ultimate of all stressful situations, the biathlon. In this combined ski-shooting Olympic event, the competitors, who are surely classifiable as super normals, are required, amongst other things, to stop in
the middle of a cross-country ski race and to shoot at targets. Apparently accurate shooting requires that heart rate be brought down from about 180 beats to 120 at the moment that the shot is taken. Here, of course, we have a perfect example not only of a situation where deceleration for only a few seconds is very useful, but also one where knowledge of precisely what the heart is doing is potentially important. Also, of course, we have a situation where the individual is not only fully motivated, but presumably at the peak of potential in mastering both the performance and the evaluation of the decelerative skill. Accordingly, we hope it is clear that in pointing to this potential application we are not primarily concerned with improving on the 1976 Canadian performance in this event (which would not be hard to do, since our only competitor apparently fell and broke his rifle). The concern rather is with the opportunity to study the principles of skill acquisition under the optimal circumstances, so that the principles emerging from this rather rarefied population may turn out to be valuable for the ordinary mortal in his efforts   to   learn   to   gain   control   over   his   own   cardiac   function.
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