	Back to Psychophysiological
	Home Page


operat02.doc

13

International Journal of Psychophysiology 1 (1983) 13-19 Elsevier
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The reason for considering definitional issues is not that of arriving at a universally agreed-to definition, but rather that of illuminating scientific disagreements. From this viewpoint it will be argued that operational and analogical definitions which have been offered by psychophysiology are not useful, because they do not permit the settling of disputes on objective grounds. Those grounds are relevant only for genuine definitions, which can be tested in terms of the counter-example argument in general, and in particular in terms of whether they adequately differentiate psychophysiology from the closely related but different area of physiological psychology. One such genuine but inadequate definition is that offered by Stern (1964), which differentiates the two areas in terms of the dependent and independent variables being, respectively, manipulated and measured. The definition offered here is in terms of the interests of the investigator, and is that psychophysiology is the study of psychological processes in the intact organism as a whole by means of unobtrusively measured physiological processes. I shall argue that this definition more adequately differentiates psychophysiology from physiological psychology than does Stern's definition. In addition, I shall suggest that adopting this definition does not isolate the two areas from one another, but rather brings them into a more scientifically meaningful relationship. Finally, I shall illustrate, with some examples, how (implicitly adopted) definitions that are different from the proposed one here lead to substantive differences in both the conduct and evaluation of research in psychophysiology. Definitional issues, in other words, are not only of relevance for ivory-tower, armchair philosophers. They affect not only the practice of empirical basic research, but also applied practice.
Not only many practitioners, but also many researchers, hold the view that consideration of definitional issues is largely a waste of time. More importantly, they are also against such considera​tion of definitions because it often leads to argu​ments and disagreements which produce more heat than light.
I agree that definitional arguments often do lead to friction between people, and that one way to avoid the heat generated by such friction is to keep out of the kitchen of definitional controversy. However, I also think that whereas in areas such as politics, the minimization of conflict is the first order of priority, in science and technology advancement is not possible without disagree​ments between the experts. Science and technology
* Presented at the First International Conference of the Inter​national Organization of Psychophysiology, Montreal, July, 1982.

advance through the conflict of ideas, and to the extent that the conflict is between ideas rather than merely persons, it is light rather than heat that is generated by any scientific controversy.
My aim, then, is to illuminate, rather than either merely heat up or eliminate, scientific dis​agreements. This aim, I suggest, is facilitated by considering definitional issues.
The definitional issue that is of most immediate relevance for the new International Organization of Psychophysiology is that of how the term psy​chophysiology should be defined. As noted in the first sentence of the abstract, I raise this issue not in order to persuade all members to accept the definition which, in my view, is correct. It is true that, as indicated later in the abstract, I do have a definition which, in my opinion, is of the correct form. However, universal agreement is a political, not a scientific aim. So, my intention in raising the definitional issue is to facilitate the illumination of scientific disagreements, so that the clashes will be
0167-8760/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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more between ideas than between people, and that the conflicts will be resolved through the evidence rather than by political means. In other words, as far as possible, a scientific organization should resolve its disagreements in an objective rather than subjective way. This does not mean that the resolutions achieved are expected to be perfect, certainly true, or agreed to by all experts K It only means that the court of appeal consists of empiri​cal evidence and logical considerations, rather than of people's likes and dislikes and of political con​siderations.
With this as background I would like to go briefly through the story, as I see it, of how the term psychophysiology was considered in the early sixties in North America. In 1964, the Society for Psychophysiological Research (SPR) established the journal 'Psychophysiology', under the editor​ship of A. Ax. Both SPR and 'Psychophysiology' enjoy an excellent scientific reputation to-day, and Ax's intellectual contributions to that reputation are considerable. However, it is the nature of scientific discussion that one can admire some contributions of a scientist, and yet criticize other contributions. Specifically, I want to take issue with two types of definitions of psychophysiology that Ax (1964) offered in the first issue of 'Psycho​physiology'. The two types of definitions are what I have called in the abstract 'operational' and 'analogical'. Let us take the operational sort of definition first.
In an operational definition, the term is defined by means of a set of operations, the description of which contains the term to be defined. So, in the twenties, many psychologists were attracted by the operational definition of intelligence, which stated that intelligence was what intelligence tests mea​sured. Similarly, in his initial editorial article for the journal, I think that Ax was offering what was essentially an operational definition of psycho-
1 Indeed, as Bechtereva noted, if all experts agreed there would be little scientific reason to have meetings and discussions among them. I take her point to be that a scientific society should actively encourage and sharpen disagreements with the aim of illuminating the enquiry, and this aim often conflicts with, and has to be placed above, the achievement of some (political) 'consensus*.

physiology, when he said that psychophysiology would be defined by what the journal, 'Psycho​physiology', would be publishing.
Now, while operational specification is essential for scientific progress, I think that the thoroughgo​ing adoption of operational definitions is not. The problem, in logical terms, is that such definitions are tautological or circular, since the definition contains the term to be defined. It is true that in so-called practical terms, operational definitions seem to be an effective way of cutting the Gordian knot of endless disputes, but the sword employed, like Alexander's, is purely political and not scien​tific. In other words, any dispute about whether a particular investigation is or is not considered to be psychophysiology would have to be resolved on the purely subjective grounds of who happens to hold what power.
Of course in attacking operational definitions, I do not mean to imply that their use was thoroughgoing in 'Psychophysiology'. Indeed, in the same, opening issue of the journal, Ax pre​sented an article whose purpose, in his words, was ' to identify the research area of psychophysiology by abstracting the goals and methods which this author believes are properly called psychophysio​logical' (Ax, 1964 p. 10). Clearly the spirit of this intention is not that of an operational definition. However, the definition that he provided was, in his own terms, an analogical one. Specifically, he proposed that, in terms of a computer analogy, psychophysiology is like finding the translation code between 'two collections of subsystems gen​erally referred to as the psyche and soma' (Ax, 1964 p. 10). He stated that the psyche-soma or mind-body relationship that was involved was not one of 'classical causality,' but rather a 'symbolic' relationship which 'requires translation of the code' rather than the observation of correlations be​tween events.
Now there is no question that analogical defini​tions are more helpful than operational ones. I think it is helpful to think of psychophysiology in terms of this translation-code, computer analogy; and there is no question that reading Ax's article as a whole gave, and can still give, people a good idea of what psychophysiology is all about.
Nevertheless, there are features of analogical
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definitions that render them insufficient for any rational resolution of scientific disputes. First, as regards Ax's specific analogical definition, I think the terms used and the relationship referred to in the definition raise more problems than they solve. The psyche, or mind, raises a host of as yet unsolved and probably insoluble metaphysical is​sues. And the relationship between psyche and soma, or mind and body, is a fascinating, but rather intractable question about which philoso​phers have spent a lot of time arguing. I am not against these arguments being carried out, but it does not seem advisable to raise them in the context of attempting to offer a specific, relatively clear, definition of a scientific field.
More generally, however, analogical definitions share with operational definitions a common fea​ture. That feature is that the evaluation of these sorts of definitions has, in the end, to be an essentially subjective one. In the end, both opera​tional and analogical definitions can only be evaluated by whether one does or does not like them. So, while I said that I thought Ax's analogi​cal definition was helpful, this was meant in the subjective sense of being helpful to me and to other people. If someone were to say that he did not find the definition helpful, that position could not really be argued with. The dispute, that is, could not be carried out on what I referred to in the abstract as objective grounds. It is only the provision of genuine definitions that allows the settling of disputes on such objective grounds.
These objective grounds have to do not with considering people's feelings toward the definition, but rather with an examination of the terms of the definition itself. More specifically, genuine defini​tions can be tested by the counter-example argu​ment. The application of this argument to our particular problem is an examination of how ade​quately the definition differentiates psychophysiol-ogy from the closely related but different area of physiological psychology. It is, of course, no acci​dent that quite often to our non-psychophysiolo-gist colleagues, and sometimes even amongst our​selves, it seems that we cannot readily state the difference between psychophysiology and physio​logical psychology. What this difficulty means is that the counter-example argument using physio-

logical psychology is a particularly effective test of any genuine definition of psychophysiology.
A genuine definition, testable in an objective mode, was provided by Stern (1964) in a paper that appeared in the new journal 'Psychophysiol​ogy', in response to Ax's writings. Stern defined psychophysiology as a field where behavioral vari​ables were manipulated and the effects of these independent variables observed on physiological measures as dependent variables. Note that Stern's definition is neither operational nor analogical, but genuine. It can be evaluated by a considera​tion of the terms themselves, rather than by seeing how many people like it or find it helpful. More​over, Stern himself supplied objective evidence to support the adequacy of his definition, suggesting that its use would allow psychophysiology to be distinguished from physiological psychology. Phys​iological psychology, according to Stern, dealt with the manipulation of physiological variables and the observation of the effects of these manipula​tions on behavioral variables.
Some examples readily come to mind that sup​port Stern's definition. A study of the effect of anxiety (a behavioral or psychological variable) on heart rate, is classifiable both by Stern's definition and the consensus of experts as a psychophysio-logical study. On the other hand, removal of the ventromedial part of the hypothalamus (a physio​logical manipulation) to observe the effect on the motivation to eat is also classifiable both by Stern's definition and by expert consensus as an experi​ment in physiological psychology.
However, it is possible to generate counter-ex​amples that refute Stern's definition, examples which render the definition, though genuine, nev​ertheless inadequate. There is a whole class of critically important research where recordings are taken from the single cells of a system such as the visual system, and these recordings are observed as a function of manipulating such behavioral varia​bles as the properties of the stimuli. The famous single-cell work of De Valois in the sixties, which provided much information on the mechanisms involved in color vision, is an instance of this sort of research, research which is clearly physiological psychology. Yet, by Stern's definition, since we have the manipulation of behavioral variables and
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the observation of physiological ones, this class of research would have to be classified as psycho-physiology 2.
The trouble, I suggest, with Stern's definition, is that it focusses on what the investigator does instead of what the investigator is interested in. The definition that is italicized in the abstract is stated in terms of the investigator's interest3. The interest is in psychological processes of the organism as a whole 4. An important qualifier is the term
2
Ax suggested that this emphasis on unobtrusiveness runs
counter to the fact that in any psychophysiological experiment
the experiment obtrudes on the psychological processes being
manipulated. However, unobtrusiveness is an aim only as far as
the physiological measures themselves are concerned, and not
as regards the psychological processes that are being measured.
For example, with cognitive stress as the psychological process
of interest (e.g. Heslegrave and Furedy, 1979), the experimental
manipulation of a difficult arithmetic task certainly obtrudes
on, or affects, the process of stress. However, in choosing
between TWA and carotid dP/dT as physiological measures of
cognitive stress, the latter measure is inferior because of its
obtrusive characteristic of requiring the subject not to swallow
during 30 min of testing (cf. Heslegrave and Furedy, 1980, p.
491). Any physiological changes in this situation may reflect
not the requirements of the arithmetic task but of the not-swal​
lowing requirement imposed by the use of carotid dP/dT. The
problem here is that it is not just the experimental manipula​
tion (here the arithmetic task) but also physiological measure​
ment (or carotid dP/dT) that obtrudes on, or confounds, the
psychological   process   of   interest   (arithmetic-task-induced
cognitive stress).
3
The focus on interests rather than procedures is an important
feature of the definition. To use the example raised by Del-
gado, the same procedures involving recording from sites in the
brain would be classified as psychophysiological if the interest
were in the psychological process of perception (by the organism
as a whole), but as physiological if the interest were in the way
in which those particular sites function. In addition, because
there is no reason why the same investigator may not have both
interests at the same time, the distinction between psychophysi-
ology and physiological psychology is not one between people,
and hence is not necessarily 'divisive' in Mangina's sense of
that term.
4
In the abstract, the definition included the qualifier 'intact' to
describe organism, but Mangina pointed out that this is ques​
tionable to the extent that 'intact' means 'healthy' and 'nor​
mal' (dictionary definitions). Inclusion of ' intact' in the defini​
tion would then force me to not classify as psychophysiological
studies of brain-damaged or functionally psychotic individuals,
and that would clearly be wrong. It seems to me that Mangina's
argument on this point is sound, and that the term 'intact'
should be dropped from the definition. It is also of interest to

'unobtrusively'. Here, too, the focus is on the interest in psychological processes which, in gen​eral, would tend to be seriously interfered with if the physiological measurements were^ intrusive. The minimization of the effects of the measuring instrument on the phenomenon being measured is, of course, a cardinal principle of any science. We know that even in physics, the effects due to interference from measurement can never be tot​ally eliminated. But the degree to which such measurement can be done unobtrusively, is the degree to which the phenomenon of interest can be adequately studied and controlled. The stress on unobtrusive measurement, therefore, is critical in the definition of psychophysiology that is italicized in the abstract.
The definition also differentiates psychophysi​ology from physiological psychology more ade​quately than does Stern's. Notice that the single-cell research of workers like De Valois that I used as a counter-example to refute Stern's definition, is clearly classified as physiological psychology in terms of my definition. Such single-cell research is not psychophysiology because the interest is not in the psychological processes of the organism as a whole, but in one part of the organism: in the De Valois case, that part is the color vision system.
On the other hand, in distinguishing such physi​ologically-oriented work from that in psychophysi​ology, I do not mean to imply any sort of isolation between the two areas. Psychophysiological and physiological issues are intimately related. To use a previously raised example, if one as a psycho-physiologist establishes that heart rate varies as a function of anxiety, then it will be entirely natural to raise the question of the physiological mecha​nism of this effect. For example, a relatively crude physiological question that would arise is the con​tribution of the two branches of the autonomic
note that this form of criticism by Mangina is relevant to the objective 'court of appeal' that I refer to at the outset of the article, and is in fact an instance of the counter-example argu​ment that I used to refute Stern's definition. Genuine defini​tions, then, can be objectively evaluated in this scientific way, whereas the evaluation of operational and analogical defini​tions has to be a subjective, rhetorical, and quasi-political procedure.
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nervous system (ANS) to the variations in heart rate. Answering this question amounts to elucidat​ing the role of the two ANS branches in the effect of anxiety on heart rate, and this issue is of obvious relevance for gaining a better understand​ing of the psychophysiological phenomenon of anxiety-related heart-rate variation. However, it is also important to recognize that these two sorts of issues, the psychophysiological and the physiologi​cal, are not identical, and can be both raised and studied independently of one another. Yet the most useful scientific advances occur when the two sorts of issues, though differentiated, are consid​ered jointly. It is this joint, though differentiated, consideration of psychophysiology and physiologi​cal psychology that brings the two areas into what I referred to in the abstract as a 'more scientifi​cally meaningful relationship'.
The final thing that I said I would do in this paper was to show how the adoption of different definitions or perspectives on what psychophysiol​ogy is can have important consequences not only for research but also for practice. Rather than give many examples, I will use the remaining space to analyze one specific illustration.
The perspective of psychophysiology that I have proposed here, views psychophysiology's primary goal as the differentiation of psychological processes in the organism as a whole by the use of unobtrusive physiological measures. From this perspective the problem of elucidating the physio​logical substrates that underlie psychophysiologi​cal measures is a secondary goal, and belongs more properly to the area of physiological psychol​ogy.
In contrast to this perspective is the perspective offered by investigators like Paul Obrist. In his recent scholarly and insightful book entitled, 'Cardiovascular Psychophysiology: A Perspective', Obrist (1981) argues that at least in cardiovascular psychophysiology, it is more useful to focus on physiological mechanisms than on attempting to index behavioral processes through physiological measures. For Obrist, then, the definition of psy​chophysiology offered here would not be an ade​quate one, because it accepts an approach that he calls the 'indexing of behavioral processes', an approach which, in his view, has proved rather fruitless.

So far, the disagreement between Obrist's and my positions may seem rather abstract and esoteric. However, there is a specific and concrete area of disagreement where there are differences both in how we evaluate and conduct research. As in all intellectually fruitful disagreements, there is a common ground of agreement. In this case, that common ground is that we both agree that the sole use of heart rate as a measure of cardiac perfor​mance is undesirable, because heart-rate, being supraventricular in origin, is under both sym​pathetic and parasympathetic influence. We also seem to agree that in attempting to go beyond heart rate, a measure reflecting ventricular func​tion would be valuable, inasmuch as the ventricles are predominantly under sympathetic influence. The disagreement starts when it comes to choosing the ventricular measure. Obrist has preferred a contractility-based measure like carotid dP/dT, whereas we have argued that the cardiographic, electrophysiologically-based T-wave amplitude was 'the first choice' (Furedy and Heslegrave, 1981).
It would, of course be improper for me to arbitrate this dispute here, as I am far from being a disinterested party. What is of interest for how definitional disagreements influence research, is how the two laboratories have dealt with the mea​sure they do not favor. Obrist has argued that there are physiological conceptual problems in​volved in specifying the mechanism through which SNS influences are manifestable through T-wave amplitude changes (Obrist, 1981, pp. 192-193). One difficulty he raises is that T-wave amplitude reflects repolarization rather than depolarization or contraction of the heart. In this physiological sense of mechanisms, the T-wave is less 'direct' than the contractility-based carotid dP/dT mea​sure. And, in line with this essentially physiologi​cally-oriented evaluation of the T-wave index, Ob​rist's laboratory has never actually measured T-wave even though it has reported many experi​ments with a large number of cardiac performance measures. So, not only the evaluation but also the conduct of research is affected by Obrist's physio​logical perspective.
On the other hand, the Toronto laboratory has criticized the contractile carotid dP/dT measure partly on physiological grounds, but much more
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strongly on what I would call 'psychophysiologi​cal' grounds. For example, Heslegrave and I (Heslegrave and Furedy, 1980) have indicated that carotid dP/dT is relatively obtrusive in that it requires subjects not to swallow throughout the session, and also that, as expressed by Obrist's laboratory, the measure has not been specified to a sufficient extent to allow meaningful comparison across laboratories, (cf. Heslegrave and Furedy, 1980, p. 491). And, in line with this essentially psychophysiologically-oriented evaluation of the carotid dP/dT index, the Toronto laboratory has never actually measured this index. Just as Obrist has not looked at our index on physiological grounds, we have not looked at his on psychophys-iological grounds, specifically, on the grounds that carotid dP/dT does not qualify as, to quote from the definition of psychophysiology given in the abstract, an 'unobtrusively measured physiologi​cal' process. So both the conduct and evaluation of research is affected by what definition of psycho-physiology one either explicitly or implicitly adopts.
But definitional issues affect not only the prac​tice of empirical basic research, but also applied practice. Let me use the electrocardiographic T-wave again to illustrate this point, in connection with the stress-exercise test. This test is used by cardiologists, both to diagnose cardiac patients, as well as to help aid the decision as to the optimal medical intervention. This decision, of course, is of considerable practical consequence, not only in terms of the interests of the patient concerned who wishes not to die, but also in terms of society, because procedures like triple by-pass surgery are not inexpensive.
If, during the stress-exercise test, decreases in T-wave amplitude (or even T-wave inversions) are observed, these results are interpreted as indicating poor myocardial integrity, or, in other words, pa​thology of myocardial function. On this cardio-logical, and essentially physiological, interpreta​tion, the recommended procedure is some form of medical intervention that deals with the problem of the heart itself. However, notice that from the psychophysiological perspective of T-wave am​plitude — that T-wave reflects changes in sym​pathetic influence on the myocardium — we get a

radically different interpretation of what may cause T-wave attenuation during the stress-exercise test. From a psychophysiological perspective, the test is not simply a physiological manipulation. It is also a psychological or behavioral one, and one which may have considerable and variable negative affec​tive influence on some patients. Consider a patient who is sympathetically labile and to whom the test assumes enormous psychological significance in​asmuch as it will determine whether he will or will not undergo a major operation, or whether or not his 'ticker is on the blink'. It is not too much to assume that quite apart from the physical stress involved, there will be considerable psychological stress. In such cases, from the sort of psychophysio​logical perspective presented here, many T-wave inversion effects are not indicants of physiological myocardial pathology, but of psychological stress elicited by what the test means to the patient, a stress that produces sympathetic activation which in turn produces T-wave amplitude decrease.
Of course the above at this point is mere specu​lation. But it is speculation that can, and should be, empirically investigated. And the results of such investigations would not only shed light on the correctness of the definition of psychophysiol​ogy that I have offered here, but would also have implications for an area of applied practice that is very much the concern of all of us.
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