	Back to Biofeedback...
	Home Page


Evidence09_text_6.doc

ORAL VERSION, March 24

When I wrote the abstract of this paper, I said that I would examine, from an Andersonian realist perspective, two applications of experimental psychophysiology, biofeedback and lie detection.  In fact, this afternoon, I’m only going to deliver half of my title’s promissory note, and will deal only with biofeedback.  As far as polygraphy or lie detection is concerned, I’ll simply refer you to pieces I have written that are in reference #1 of your handout.

The perspective I have referred to as an Andersonian realist one is based on the writings and lectures of John Anderson, Professor of Philosophy at the University of Sydney from 1927-58.  The essence of Andersonian realism is that theories should be evaluated in terms of their truth rather than in terms of their fruitfulness, and that the logic of what Sir Karl Popper referred to as “scientific discovery”, is the same for all sciences, as well as for technological treatments based on those sciences.  I have tried apply Andersonian realism to research and technology in the discipline of psychology, and reference #2 contains some of my relevant papers.

Opposed to a realist approach is the instrumentalist approach, which evaluates theories in terms of their fruitfulness, capacity to generate research, or amount of interest generated in expert researchers and/or practitioners.   I argue that, biofeedback and the polygraph, as currently conceived and practiced, are based on an instrumentalist approach.  

So, changes in these applications may not be truly evidence-based, but, rather, rely on expert-user opinion. Such opinion may be partly determined by shifting fashions rather than by the results of controlled scientific observations.

As a result, there is no proper scientific understanding of these procedures, and no genuine technological improvement in them. In addition, significant negative consequences may arise from their use, and these negative or unintended consequences tend to be ignored by those who follow expert opinion rather than on controlled scientific observations.   Accordingly, I advocate a return to a realist approach that focuses on evidence-based assessments rather than, essentially, on popularity as measured by the opinions of the users of biofeedback and of the polygraph.

Before I begin my discussion of biofeedback this afternoon, let me first say a bit about that sub-area of psychology that is known as psychophysiology.  Psychophysiology is that branch of experimental psychology that employs, as dependent variables in experiments, small changes in physiological functions such as heart rate.   

So, as you sit there, your heart rate may accelerate or decelerate by a few beats per minute without your being aware of these accelerations or decelerations, which are under the control of your autonomic, rather than central, nervous system. More technically, these subtle, small-magnitude physiological changes are not under conscious, voluntary control.  Experimental psychophysiology uses these physiological changes to study and to differentiate psychological functions in a way that is complementary to observing people’s behavior, or asking them to answer questions.

For example, if one wishes to evaluate the degree to which different individuals are aroused by an event like a loud, sudden noise, one could complement behavioral dependent-variable information based on observation of what they do when presented with that noise, or even by asking them how they felt when the noise was presented, with psychophysiological dependent-variable information such as heart-rate acceleration.  If neither behavior nor consciously-answered questions indicate any arousal, while heart-rate accelerations were detected, this would be case of a psychophysiological dependent variable providing complementary information to that gleaned from behavioral and introspective dependent variables.

So then let me consider biofeedback.  This is a therapy that is a purported application of psychophysiology, and that, since the 1970s, has gained widespread acceptance among the clinical community, as well as being quite well known in the educated lay community.    If you google “biofeedback therapy” to-day, you come up sites such as those listed under reference #3, that assume the efficacy of biofeedback therapy.

The essential claim of this therapy is that information or knowledge provided to us about moment-to-moment changes in physiological functions of which we are not normally conscious, will empower us to learn to control these functions.  A colloquial way of putting the biofeedback concept is the “knowledge-is-power” adage: that knowing precisely whether one’s heart rate was increasing or decreasing will enhance one’s ability to control these heart-rate changes.

It is important to recognize that biofeedback is not the only psychological way to try to control these physiological functions.  To take an example from the pre-biofeedback past, consider the treatment of essential hypertension that did not involve, or at least supplemented, drug therapies.   In order to lower their blood pressure, patients were told to avoid smoking or heated arguments, because these behaviors were likely to increase blood pressure.   Blood pressure itself would be taken once a month, with the aim being the physiological one of lowering one’s blood pressure. 

In information-processing terminology, this pre-biofeedback method of blood pressure control was a feedforward treatment, as exemplified by a GP telling patients that if they got into heated arguments, their blood pressure would increase.  A wiser GP might also tell the patient to try to keep calm when confronted with stressors such as an angry person.   It will be noted that this feedforward, instructional treatment required no psychophysiological equipment (hardware) or expertise (software) from the therapist.

In contrast, a biofeedback treatment of blood pressure would involve providing the patient with much more frequent information about his or her blood pressure than once a month --perhaps at every 10 seconds.  This is possible if one uses a finger transducer, which may not be accurate for actual or absolute blood pressure, but does reflect up vs. down changes quite accurately. It is the provision of this more "dense" information that, according to the biofeedback assumption, is beneficial for learning to produce and enhance the target behavior, here the lowering of blood pressure.  

Of course it goes without saying that biofeedback requires computerization of the dependent variable, which became possible only in the nineteen sixties when computers became part of technology.  Since the 1970s, biofeedback has been enthusiastically adopted through the developed world in medical/clinical contexts as an adjunct, or even alternative, to pharmacological treatments of problems like essential hypertension.

So the central assumption of biofeedback is that providing a person with immediate and fine-grained information about physiological changes, or in other words, providing him or her with precise psychophysiological information, increases that person’s ability to control these changes in a medically desirable direction.  

An Andersonian realist approach to this application of psychophysiology would apply the same logic of evaluation as is applied in such evidence-based medical evaluations as are used for drug testing. So, to take a familiar pharmacological example, to evaluate the claim that aspirin lessens headaches, one must run a placebo-control comparison, where two conditions are compared which differ only with respect to the administration of the drug aspirin.

Applying the same evidence-based logic of evaluation to biofeedback, the appropriate placebo control is a condition in which the subject is not given accurate information about their physiological responses. However, subjects in the inaccurate-information-group need to think that they are getting accurate information, when they are not, just as the subjects in the placebo-control group in the aspirin study think they are getting aspirin, but they are not.  So accurate information for biofeedback learning to lower blood pressure in our psychophysiological example, is the formal equivalent of the use of aspirin to decrease headaches in the pharmacological example.

And as in the case of the evaluation of aspirin, the claim that biofeedback has a specific, beneficial effect requires that the subjects given accurate information actually achieve lower levels of blood pressure than the placebo controls, who merely think they have been given biofeedback.

Surprisingly, since the introduction of the biofeedback concept in the 1970s, these placebo-control studies have been rare even in laboratories, let alone in the field, with reference to autonomically controlled physiological changes like decreases in blood pressure or heart rate.  Even in laboratories, it has not been shown that feedback of detailed information about moment-to-moment changes in blood pressure or heart rate has specific, beneficial effects over and above feedforward, instructional procedures such as the advice by a GP to hypertensive patients to calm down or to avoid having arguments with their spouses.  

So, for example, Diane Riley and I have shown that subjects can learn to produce heart-rate decelerations when instructed to do so, but that the provision of biofeedback (based on beat-by-beat information about heart rate) does not increase this ability.

In my remaining time I am going to take you through the procedure and results of this study, conducted in 1980, and which is reference #4 in your handout.  In doing this, I’ll use the graph in your handout, which you may want to consider as an older and perhaps a more philosophical version of power point.

The study was a psychophysiological experiment conducted by Diane Riley as part of her MA research with me at the University of Toronto.  Diane, by the way, did her undergraduate work in psychology at Sydney University, with the late Dick Champion, who was also my supervisor.

The task that subjects had to learn was to either increase or decrease a short-term heart-rate acceleration response, a response produced by pulling on a spring to the subject’s 80% physical capacity.  If you look at the first panel of the figure labeled “PRETRIALS”, you will see the average second-by-second heart rates 2 seconds before and 3 seconds after the spring pull, the zero point being at the beginning of the spring pull.  

The vertical axis shows the algebraic difference between average heart rate at the time of the spring pull.  The heart rate or HR values for seconds -2, -1, and 0 are all close to zero, and you can see that the spring pull itself elicits an HR acceleration of some 3 beats per minute or bpm.

Before I go on, I should note that learning to modify, and especially to decrease, such accelerative HR responses could have significant applied medical implications.  For example if, in to-day’s recessionary environment, the boss of a 55-year old executive suggests to him that he should take a 6 months holiday, this will elicit heart-rate acceleration response that is a component of the evolutionary flight/fight response.  

This accelerative response which, among other things, produces more oxygen for the organism, may have worked well in the days when escaping from, or fighting with, the adversary were feasible options.  For both these sorts of options, heart-rate acceleration was adaptive, but it is so no longer.  The most practical psychological counter to this problem is to learn the competing response of phasic heart-rate deceleration, that will counter the fight/flight accelerative response.

The spring-pull manipulation that is shown in the pretrials panel of the figure, where the averaging is not only over all subjects, but also three pretrials, is an analogue of real-life situations that produce HR acceleration.  During this phase of the experiment, subjects were simply told to pull on the spring at an 80% capacity that had been previously determined by asking them to pull on the spring as hard as they could.  (Of course by going above 80% we could have got a larger acceleration, but as there were 20 trials to come, we did not want anyone developing a hernia as a result of our experiment).  And the PRE-TRIALS panel also shows that before conditioning, the subjects to be given different treatments were virtually identical as far as their accelerative HR response to the spring pull was concerned, so that any differences that emerged during the conditioning trials was unlikely to be due to initial individual differences.

Then for the experiment proper, half the subjects were instructed to accelerate their HR during the subsequent 20 conditioning or learning trials, while the remaining subjects were asked to try to decelerate their HR. This manipulation is an instructional or feedforward one.  You will note that it does not involve providing any information to the subject regarding his or her HR response.  Moreover, nothing was said to them about how these differential accelerate/decelerate goals were to be accomplished.  As in the pre-trials phase, subjects continued to pull on the spring that had produced the 3-pm phasic accelerative HR response.  And each of the 20 spring-pull trials was separated by at least 40 seconds.

The other main manipulation was that of biofeedback.  The manipulation followed the logic of the pharmacological placebo control methodology.  Half the subjects in each of the increase and decrease groups were provided with accurate information by the experimenter concerning their performance on the immediately preceding trial which the experimenter was able to measure and assess before the start of the next trial. So this accurate feedback condition is like the aspirin in the pharmacological example.

In contrast to this accurate feedback condition, the remaining subjects were in a placebo feedback condition.  They were provided with the same sort of information following each trial, but the information was based on the performance of a so-called “master” subject in the accurate feedback condition to which these inaccurate-feedback, placebo-control subjects were, as it were, “yoked””.  This inaccurate-feedback, placebo-control, condition is analogous to the condition in the aspirin example where subjects think they are receiving aspirin, but are not.  

This sort of placebo-control manipulation is possible only with HR changes which are small enough for the subject not to know whether they are occurring.  You will recall that psychophysiology deals with just these small changes in physiological functions. I shall return to this placebo-control, accurate-inaccurate feedback manipulation, after going through the rest of the figure in your handout with you.

So, the results of those manipulations whose effects were significant appear in your figure.  The most obvious point about these results is that the instructional manipulation was successful, in that the heart rate responses of the two groups clearly differed in the direction expected on the basis of the instructions.  Moreover, post-experimental questionnaires indicated quite different thought patterns of the two groups, with the increase group (in red) reporting exciting thoughts, and the decrease group (in blue) reporting calming thoughts.  So these introspective measures at least suggest one causal mechanism through which the differentiation of the HR response was achieved

However, this sort of differentiation, which is often referred to in biofeedback lab studies as a demonstration of “bidirectional control through biofeedback”, is not sufficient if one is trying to determine whether the more difficult response of HR deceleration has been learned.  After all, the differentiation between the increase and decrease groups could, in theory, be achieved solely through the increase subjects learning to accelerate more, without the decrease subjects learning anything at all.  To answer the question of exactly what the subjects learned in this study, and whether any such learning was due specifically to biofeedback, let us consider other features of the results.

The features that relate to aspects of learning in this study emerge partly because, in contrast to most current psychophysiological and psychological studies, we have shown not just average performance of the two groups during the whole experiment, but the development of learning, or acquisition, over the course of the 4 blocks of conditioning trials.  The first feature of note is that the increase group did produce an additional increase of 3 beats per minute (or bpm) relative to pre-trial performance, in line with their feedforward instructions.

However, if learning is traditionally and clearly defined in terms of a relatively permanent change in performance that is attributable to practice, then the accelerative response was not really learned.  Rather, the accelerative skill but appeared to be fully available to the subjects at the start of conditioning.  This is shown by the fact that the there is no significant difference between the increase group’s acceleration between trial bocks 1 and 4 in the figure.
This is consistent with the fact that it is far easier to produce acceleration on demand than the more medically desirable deceleration.  Or, in more colloquial terms that my proverbially uneducated grandmother might have used, it is easier to get excited than to calm down.

For almost the last 40 years of biofeedback research in laboratories where subjects were provided with detailed second-by-second information regarding their heart rates, the typical decelerations produced have been only about 1 bpm.  Moreover, close to the beginning of this 40-year period, which, according to the Bible, is the same time that the Israelites spent in the desert, at least one of these laboratories noted that the same1-bpm level of deceleration can be achieved simply by the repetition of yogic mantra “om, om, om…”.  This yogic treatment, of course, does not require any psychophysiological or any other technical equipment.

Compared to this 1-mbp deceleration, Diane’s experiment did a lot better in terms of the amount of HR deceleration learned by the subjects.  If you look at the figure, you’ll see that over the four blocks of conditioning or learning trials, the decrease, blue, group is apparently learning a decelerative response that is counteracting any accelerative response.  Actually, there are two sources of the accelerative response in this experiment.  The first source is the physical spring-pull requirement which, as can be seen from the PRETRIALS data, produces about 3 bpm of acceleration.  The second source of acceleration is the psychological requirement of having to try either to accelerate or decelerate.  

The effect of this second source of acceleration is evident by comparing the PRE TIRALS heart rates, during which time subjects were not given any instructions other than to pull the spring, with the first block of conditioning trials where, taking the mean of both increase and decrease group, there was some 2 additional bpm acceleration that occurred relative to PRE TRIALS performance.

Now look at the HR performance of the decrease-instructed group on the 4th trial block.  You’ll see that even though this group is still subject to both the physical and psychological sources of acceleration, their HR change on these trials is actually 1 bpm less than during the PRETRIALS, when only the physical, spring-pull source of acceleration was operating.

But all that is pretty indirect and complicated.  Actually, there was more direct evidence of the magnitude of the decelerative skill that the decrease subjects learned over the 20 conditioning trials.  This evidence is available from a 21st trial that is not shown in your figure, and which, at the moment I can’t dig out from my move to Sydney from a house, office, and lab to a 2-bedroom apartment.   On this 21st trial, that followed directly after the 20th spring-pull trial, subjects no longer had to perform the acceleration-inducing spring-pull, but were again asked to either increase or decrease their HR, depending on which feedforward, instructed condition they were in.  This 21st trial was a test of the subject’s ability to transfer what they had learned during conditioning to a more natural situation, where there was no spring-pull requirement.  On this transfer trial, the decrease subjects produced an actual deceleration of some 6 bpm.  

This may not seem very large to cardiologists, and is certainly only a fraction of the likely acceleration produced in the unadaptive flight/fight reactions.  However, it far exceeds the 1 bpm reached achieved in either through biofeedback or yogic “ohm” treatments of conventional biofeedback laboratories.

Those of you who are still awake will have noticed, however, that the figure does not show any effects of the biofeedback, accurate/inaccurate information manipulation that I have summarized for you a while back, and concerning which you can get more details either during the discussion, or looking up ref #3. The main point regarding this biofeedback manipulation is that it employed the pharmacological logic of placebo control, a logic which has rarely been applied even in the laboratory, let alone field studies (for a paper on these laboratory studies, see ref #4.) The reason why the biofeedback manipulation does not appear in the 

figure is that it had no significant effects on the ability to either accelerate or decelerate this phasic HR response.  

xxx

People who turn to biofeedback as a therapy are told that they can be empowered to learn medically-desirable responses such as heart rate deceleration or blood pressure decrease through biofeedback.  This experiment shows that HR deceleration is difficult to produce but that it can be learned, whereas the opposing HR acceleration is easy to produce (see …XXX tell them what to look at) and does not benefit from additional practice.  Moreover it demonstrates that biofeedback as shown by the placebo control results has nothing to do with this learning.  xxx

In information-processing terminology, this means that the ability to produce this response is purely a feed-forward, instructional one, and not at all based on any feedback procedure.  In more concrete medical terms, and applied to the more familiar problem of hypertension, it means that the kindly doctor who simply advises you to avoid increases in blood pressure through such means as avoiding arguments, or the guru who advises you to repeat some mantra or to breathe deeply, is applying a therapy the efficacy of which is not increased at all by the expert psychophysiologist who, with his computers, provides you with moment-to-moment information or feedback regarding you blood pressure changes.  And, of course, the kindly doctor’s or the guru’s advice is a lot cheaper, as it does not require the paraphernalia associated with the software and hardware employed in biofeedback.

Now I have already said that the placebo control has been rarely used in laboratories, but its use is even rarer in the field, where its use is not only neglected, but is actually opposed, in principle, by most expert clinicians.   Practitioners who use biofeedback as part of their treatment refuse to accept that the logic of specific-effect evaluation applies as much to psychophysiological treatments as it does to the evaluation of pharmacological treatments.

Essentially, the position of these practitioners of this psychophysiological form of therapy is that biofeedback is very useful because it is widely used.  Also, potentially negative effects are ignored, such the possibility that providing too much information produces tension that works against the target behavior of reducing blood pressure.  I have made some of these points in the late eighties, in arguing about biofeedback with some American practitioners.  References 5a-c indicate my side of the dispute.  Perhaps not surprisingly, I did not convince too many biofeedback practitioners that I was right.

More generally, I suggest the widespread instrumentalist acceptance of, and enthusiasm for, biofeedback is partly based on psychology’s “cognitive revolution” or “paradigm shift” of the late 1960s, according to which all psychological functions are forms of computer-like information processing.  A corollary of this position (which I have criticized in papers such as references 6a-d in your handout, is that all information is beneficial, or, as I heard on an edition of Radio National’s  “All in the mind”, recently, “the more information you have the better”. This corollary may hold for computers, but does it hold for humans?

In the first place, imagine if, right now, I waved a magic wand and allowed you immediate access to the moment-to-moment changes that each of your autonomically controlled functions were doing.  Would you really be better off than you were when in a state where these autonomically-controlled changes were not available to your consciousness?

And even if you, who are a living organism rather and not a computer, did want information regarding some specific autonomic function, that information would have to be of the sort that you could actually use to control that autonomic function.  In this connection, it may be that the information provided by most biofeedback procedures is too dense to be useful for humans, even though this is not a problem for computers.

This certainly appears to be the case in the field of alpha feedback, where, as indicated in ref #7, providing information only every five seconds proved to be more effective than the conventional, denser, second-by-second feedback. 

 So I suggest that what really matters is whether the psychophysiological information provided by biofeedback actually improves the ability to control certain physiological functions in a direction that is medically or therapeutically desirable.  And at least in an Andersonian approach, that has to be decided in terms of the evidence, rather than in terms of the opinion of expert users of this purported application of psychophysiology.  In other words, practitioners need to use evidence-based methods to evaluate and improve their therapies.  Since my arrival back home from Canada in 2005, I have noticed that Australian applications of treatments based on pharmacology and other physiological interventions have become increasingly sensitive to the importance of evidence-based medicine.  My hope is that practitioners of therapies that include a specifiable psychological component like biofeedback will also join in the evidence-based approach. 

Actually, I think that one factor in the undeserved popularity of biofeedback is that because objective, physiological measures are involved, and computers are generally used to quantify those physiological measures, this application of psychophysiology possesses a considerable scientific aura.  To the extent that this aura is an illusory one, public policy based on that aura will be misguided.

Or, to put in terms that the initial summary statement of this conference employed, the interface between science and policy needs to be based on an Andersonian realist evidence-based approach, rather than an instrumentalist approach expert-opinion-based approach.
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