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As an atypical participant at the conference on which this book is based, I am aware that I have to make a special case for the relevance of this chapter. I begin by elaborating on the concept of genuine interdisciplinary interactins, and then consider the nature of the Pre-Socratic, phenomenon-focussed perspective. This is followed by a brief account of one example of an interdisciplinary approach applied to a biobehavioral problem. The example indicates that attention to measurable differences in psychological functions can illuminate our understanding of the phenomena. Finally, I conclude with three opinions that, as an ignorant outsider to the area of research covered in the conference, I developed from my "super student" perspective as I listened to the papers, and looked at the posters, that were presented.

1. Elaboration of Interdisciplinary Interactions
Much of scientific activity is not interdisciplinary at all. Many investigations are confined not only to one discipline, but to quite narrow areas of specialization. Indeed, as an outsider, I was struck by the fact that even within what I think of as an already highly specialized field, neurotransmitter functions, there is a further marked distinction between release and uptake specialists, and many investigations are appropriately confined to one or the other sub-speciality.

In addition, although there are important differences in methods of investigation between specialities within a discipline (e.g., the relase/uptake methodological differences), these methodological (and perhaps conceptual) differences are vastly increased as one moves along the disciplinary continuum from, say, single-cell biochemistry to social psychology. It is here that the biobehavioral divide can become a veritable chasm. Yet there are phenomena like human drug addiction and its cure that require reaching across that divide, if there is to be any hope of progressing towards an understanding of the phenomena and solutions of the the practical problems that they engender. Interdisciplinary research on these sorts of issues does not mean that one tries to ignore or minimize the vast differences in methodology and conceptualization that exist. Nor should the integrity of each relevant discipline be compromised in such research. Indeed, it is necessary to treat the phenomena at all levels of analysis with the same level of conceptual rigor, at least in relation to the issues being investigated. This is because, although social psychological phenomena are more difficult to quantify and analyse than singel-cell biological ones, they must both be viewed as being part of the same spatio-temporal realm that is the object of scientific analysis and technological manipulation. The approach that I am advocating here stems from a Pre-Socratic perspective, on which I elaborate in the next section.

2. Elaboration of the Pre-Socratic, disinterested perspective: "Thinking about the world in the Greek way"
Although disinterestedness is often confused, even in academic writings, with lack of interest, the distinction is clearly part of our current intellectual and even political heritage. A board of inquiry has, in principle, to be independent or detached as well as exeprt (or at least interested) in the issue under disucssion. That this idea is understood by the population at large rather than just by intellectuals, and that attacks on such a board's independence are politically as well as logically effective, indicate that the concept of disinterestedness is woven into our culture.

Nevertheless, disintenterstedness is both a relative newcomer to cilivilization and a notion that is constantly opposed by other influences. The notion of disinterested inquiry, or considering *x* for its own sake, first arose among a group of Ionian or Anatolian philosophers who are generally known as the Pre- Socratics. They were the first to demonstrate "thinking about the world in the Greek way" ^T1^T (Burnet, 1930, p. v), and laid the foundation for a problem- rather than person-oriented approach to both scientific and literary fields of inquiry.

In terms of scientific fields, it is just this phenomenon-centered aspect that was missing from an otherwise techically advanced civilization like the one in Bablyon, which had a well-developed discipline of nonscientific astrology but no genuine science of astronomy. To look at the heavens in the Babylonian way is to engage in observation and quantified data-gathering activities, but these observations are made from an interested perspective. That is, the movements of the heavenly bodies are not viewed astronomically as phenomena of interest in their own right. They are rather seen astrologically as being related to individual and (in the ancient world before an important battle-- even the technically, politically, and militarily advanced Romans engaged in this practice) groups of human lives. In contrast, the Greeks, who amassed far less information about those movements than the Babylonians, nevertheless developed astronomy, because they treated those movements as problems to be considered for their own sake rather than in relation to individual or social concerns. Morever, in the long run, such advanced technical applications as space flight are based on astronomy rather than astrology, no matter how sophisticated and quantified those Babylonian astrological systems may have been.

For biology also, I believe that the phenomenon-centered, disinterested approach of the Pre-Socratics is of current relevance. The principle of "saving the appearances" embodies the notion that theoretical explanations must strive to account for *all* observations, rather than only those that happen to fit with the explanation. Moreover, I suggest that the words of a particular Pre-Socratic, the Ephesian Heraclitus, have an especially relevant import. As a group, the Pre-Socratics were concerned with the general question of what was common to all things, and typically their answers involved relatively static substances like water (Thales). Heraclitus, however, asserted that change and interaction is what is common to all things. He put forward the fire metaphor, because fire, unlike water, is obviously ever changing, and is dramatically both influenced by, and is a dramatic influcer of (in other words, interacts with), the environment. It is this Heraclitian, interactive approach that seems most suitable for the biological sciences, and those interactions occur not only between the organism and its environment, but also among the various functions that occur within the organism. And, I suggest, only an interdisciplinary approach to both research and practice can provide the path towards progress in understanding and controlling biobehavioral phenomena. As an illustration (though not a full justification) of what I have been suggesting, I now turn to an example of an interdisiciplinary approach to a biobehavioral problem.

3. Example of an interdisciplinay approach to a biobehavioral problem: Effects of sex and nicotine on levels of cognitive functions.
Although cognitive functions are clearly more varied and sophisticated in humans, experimental psychologists have studied them in rats for at least fifty years. It is, in fact, the learning of *place* that is the clearest mark of cognitive functioning in rats, and the maze has been the most common apparatus for studying these functitons (e.g., Tolman, Ritchie, & Kalish, 19446). Still, learning in these early mazes was still subject to a non-cognitive, stimulus- response interpretation. The development of the Morris Water Maze (MWM) by Morris (1981) allowed a more unambiguous cognitive interpretation. In the MWM, rats learn to locate a hidden platform by swimming to it from several different starting points around the perimeter of a circular pool, and so provide a relatively unequivocal demonstration of cognitive *place* learning, i.e., the learning of the proposition that the platform is in a specific place.

When the platform is hidden, the only cues that can be utilized are *spatial* ones. However, if the platform is raised above water level to be visible, then the place-learning problem can be solved by employing *visual* cues. Both sets of cues lead to a cognitive, propositional form of learning, but in terms of "levels" of cognitive functioning, it is clear that using spatial cues involves a higher level of functioning than using visual cues. One might say that spatial-cue functioning is more "reflective" (in Rodin's thinker sense of the term) than visual-cue functioning. Finally, an evolutionary psychologist or sociobiologist might even associate the spatial/visual cue distinction^T2^T with the sex-roles-connected hunter/gatherer distinction.

The experiment that I would like to briefly report will, by the time that the present book is published, be available in abstract form in the 1996 Proceedings of the Society for Neuroscience (Kanitl et al., 1996). Sex and the administration of nicotine were varied between subjects in a 2 x 2 factorial design with 7 Sprague-Dawley rats in each cell. The training phase comprised a 12-day period in the MWM apparatus with the platform hidden (requiring spatial- cue-based cognitive functioning) on the 4th, 8th, and 12th days. The task itself was rendered a clearly place-learning one, because while the platform was always in the same place, animals were started from (four) different positions on the perimeter of the circular pool. The results showed classical learning curves accelerating negatively towards asymptotic performance of approx. 4 and 2 s., respectively, for the the hidden- and visible-platform conditions. The latter value is close to the limit set by the rat's swimming speed, and hence represents animals swimming directly to the target, or knowing exactly where the target is. There were no clear effects due to sex or nicotine, suggesting that, at least in this context^T3^T, sex and nicotine did not affect cognitive *abilities*.

An opportunity for assessing differential *preference* for the two levels of cognitive function was provided by *shifting* the position of the platform on the 13th day, and making that platform visible. This allows the spatial and visual cues to compete. Only the females without the nicotine showed complete visual-cue preference, by swimming straight to the moved (but visible) platform in the mean asymptotic time of about 2 s. The mean times of the other three groups ranged between 16 and 18 s., did not differ significantly from each other, and hence showed a preference for the more "reflective" (and, in this case, unadaptive) spatial-cue level of cognitive functioning. Another measure of preference for the deeper, "reflective" cognitive function is time spent in the quadrant where the platform used to be during the first 12 days. On this measure the females without the nicotine again differentiated themselves (spending about 0.75 s.) from the other three groupos (for nicotinized females and both male groups, respectively, the mean scores were 6.75 and 10 s.).

Following the 13th day, animals were sacrificed and the pattern and amount of dopameine uptake was assessed. These pharmaco-neuronal functions are known to be associated with the psychological reward/pleasure functions, and, as expected, the usual group sex differences emerged. However, the nicotine manipulation had no main or interactive effect. In summary then, this study yielded differences among two cognitive functions and a hedonic one. Specifically, sex and nicotine did not affect cognitive ability with respect to two different levels of cognitive functioning; sex and nicotine interacted in affecting preference for a deeper, more "reflective" level of cognitive functioning, with maleness and nicotine appearing to be equivalent ways of producing such a preference for spatial-cue-based functioning (even when that prfeference was unadaptive in the context of the task); the hedonic reward system showed the usual sexual dimorphism effect, but was unaffected by nicotine.

At a more speculative level it is interesting to note that one of the attractive features of cigarettes reported by smokers is that smoking "helps one think". Again, at the level of evolutionary psychology or sociobiology, the parallel between the visual and spatial cues and the contrasting requirements for female gatherers and male hunters in primitive society is obvious enough. Of course in rats the hunter/gatherer distinction is not as obvious. But perhaps the preference sex difference is hard-wired in vertebrates, and develops, through cultural, environmental, and even evolutionary factors into ability differences in humans. We are presently engaged in hormonal manipulations in the MWM context to assess the stage at which the male preference for spatial cues is "laid down".

Another issue concerns the *mechanism* through which nicotine works to produce the reflective preference in females. The apparent preference may not be for the reflective cognitive function *per se*, but (as noted at the conference presentation) could be due to a change of attitude to the water. That is, nicotine may reduce anxiety, cause relaxation, and hence decrease motivation to reach the platform as soon as possible. More generally, although the MWM is primarily designed to examine cognitive functions, it must not be forgotten that living organisms (unlike computers) are affected by motivational ones as well. Varying water temperature and administering "questionnaires" to measure individual rat motivation to avoid the water (done by raising and then lowering each of two platforms, and measuring swimming speed from the lowered to the raised platform) should allow the relevant information to be gained regarding these motivational influences.

There are also some extensions of our MWM preparation for other interdisicipllinary problems that examine different biological variables. Just from this conference alone, there are at least two possibilities that appear to be promising. One such extension arises from the transgenic mice studies reported by Hermona Soreq, which employed a standard MWM behavioral preparation. Employing the preparation used here, which allows a distinction to be made between cognitive abilities, as well as between ability and preference, could provide additional information on the psychological effects of her physiological manipulations. Another such possible extension arises from the anandamidic rats described by Julius Axelrod, where cannabis rather than nicotine was the pharmacological manipulation. The effects of cannabis on changes in cognitive abilities as well as preference could be examined in the present MWM preparation. In addition, effects on mood could be examined either in the "questionnaire" preparation, or even in the more conventional behavioral open field test.

I hope that this example of interdisciplinary research has indicated that attention to psychological differences such as that between different levels of cognitive function, ability versus preference, and cognitive versus non- cognitive (e.g., motivational) functions, can illuminate our understanding of biobehavioral phenomena. In addition, I would also like to note that in the example of research that I have given, I have used no jargon or terms that are intelligible only to specialists in specific psychological areas of current interest. Rather, I have used terms to make psychological distinctions that are intelligible to any intelligent reader who is unacquainted with the quasi talmudic complexities of much of current psychological terminology.^T4^T The language, moreover, has been that of phenomena rather than of prominent scientists' names.

Finally, I have referred constantly to theories and hypotheses (to be tested in terms of their truth) rather than to models (to be tested in terms of their usefulness or fruitfulness). This phenomenon-centered, realist approach to science is one that I have tried to adopt long before I attended the present NATO conference. In the concluding section I shall outline three sets of opinions that, as a predisposed realist, I developed as a result of my participation in the conference.

4. A "Super Student" Perspective on Neurotransmitter Release and Uptake Resarsch.
At the conference there was a distinction made between "students" and "lecturers" as a function of degree of expertise in the field. My claim to being a "super student" in these terms is based on an almost total lack of expertise, stemming from my extreme behavioral position on the biobehavioral disciplinary continuum. Sometimes, however, the opinions of a rank outsider can be useful, and I offer three of these here.

My first opinion concerns the place of models in the conference's area of research. Contrary to the impression I have given above, I am not against the use of models. They are clearly useful for originating hypothesses. They can even be useful for testing hypotheses, provided that *competing* models are considered in what Platt (1964) has called the strong-inference mode. This mode requires specifying what the essential differences are between competing models, and then specifying how the data to be gathered will bear on these differences.

It is also necessary for strong-inference testing that positions be formulated in such a way that they are falsifiable in Popper's (1959) sense of that term. The Freudian libido hypothesis of psychoanalysis has often been soundly criticized on the grounds of being unfalsifiable, meaning that it was compatible with *all* behavioral observations. As I listened to how the calcium hypothesis was employed by many of the release specialists at the conference, I could not help but wonder whether the way in which this hypothesis was formulated suffered from the shortcomings of the libido hypothesis--that it, with suitable auxiliaray assumptions, was broad enough to predict all outcomes, and hence explained none of them adequately.

More generally, for strong-inference testing I think one needs, in all scientific disciplines, to move from a functional or teleological analysis to one that seeks necessary and sufficient conditions, and provides deterministic explanations. A functional analysis, like modeling, can be useful for suggesting hypotheses and theories to be tested, but is no substitute for them. Those hypotheses and theories, moreover, need to be formulated in a deterministic, necesssary-and-sufficient mode. The problem with using functional analysis as an explanation is that it tends to be circular, because one can invent as many functions as there are phenomena, just as a hundred years ago faculty psychologists invented as many faculties as there were abilities to explain.

An adequate scientific account should, as the Pre-Socratics put, "save the appearances", or should take into consideration all classes of observations. What I take this to mean is that all classes of observations, including psychological ones, need to be the subject of serious enquiry, though not of "proof". In empirical science, no matter how "hard", there is never proof, as all empirical generalizations are open to error. Even in astronomy, there is the story of the deductive "proof" of Vulcan to remind us of this. Briefly, the planets outside Jupiter (visible without a telescope) were all discovered by a cycle of observation (of perturbations of observed planets not accounted for by the planets and the sun), hypothesis (that an outer planet exists), and confirmation/"proof" (observation of the outer planet predicted by the hypothesis based on the perturbations). By the time astronomers had "proofed" the existtence of Neptune by this, they had got so cocky that when they observed unexplained perturbations in the innermost planeet, Venus, they proceeded not only to predict the existence of an additional planet between Venus and the sun, but also named it Vulcan (no relation to Mr. Spock's home). In fact, several astronomers even reported observing Vulcan, but later work indicated that these observations were false, and according to current views, Venus's perturbations are accounted for by Einstein's special theory of relativity. I could not help thinking of the Vulcan tale from what is quite possibly our "hardest" science when I hear several speakers at the conference talk of "proof" and even "conclusive proof" when referring to views that clearly enjoy widespread current expert support, but that may turn out to be false on the basis of future observations and theorising.

My second opinion is about interdisciplinary, biobehavioral research, and is relevant to the extent that a significant proportion of the papers presented referred to behavioral implications (e.g., implicataions of cocaine uptake processes for understanding drug addiction and improving its treatment). The approach here has to be concerned both with scientific and applied purposes. A critical point, in my view, is that there be common definitions of basic terms, so that, for example, the term "plasticity" has to be distinguished from the term "learning", even though plasticity may be one of the mechanisms that underlie learning.

A related point is that all phenomena, whether they are singe-cell electrical or behavioral, have to be treated with equal seriousness, and as part of the same scientifically studiable and technologically evaluatable spatio-tamporal realm. So, as I hope I have shown in the previous section, cognitive abilities are indeed evaluatable, even if these evaluations may be embarassing to some (as in the case of sex differences--but recall that the astronomical helioicentric hypothesis was also "uncomfortable" to many at one time). Furthermore the applied standards for treatment evaluation must be equally rigorous in the logical sense across the biobehavioral realm. For example, just as we require controlled, double-blind clinical trials for drugs like aspirin, so we must demand the same level of rigor for evaluating biofeedback (a learning, instrumental-conditioning phenomenon) or even psychoterapy that purports, say, to cure addiction.

My third and final opinion is directed at those "students" at the conference who are relatively young in professional age.^T5^T At this conference and else where in the literature as well as in grant applications, there are examples of promissory notes being issued that refer to relations between single cell work and behavior. However, the relations are stated in such a vague way that the note is never even potentially cashed. I predict that this practice will cease to be good enough in the nextg couple of decades. So while senior and well- established researchers can afford to be unserious about stepping across the biohevioral divide, you cannot. Serious inderdisicplinary work is increasingly going to become essential for survival.

That, however, is not the main reason for engaging in interdisciplinary resarch. The main reason, rather, is that it provides a far better way for both science and technology. For science, it provides an understanding of the phenomena that is genuinely progressive (as in the case of astronomy), although there is never any "proof" (remember the Vulcan tale). For technology or applications, interdisciplinary work provides better control, though that too is never complete. Only God is omnipotent, and s/he is not part of science or technology.

Just as the Pre-Socratics were interested not only in enquiry, but were also people with considerable practical interests, so to-day's young researchers must be prepared to focus on considering phenomena for their own sakes, on critically evaluating competing accounts of those phenomena, and on being prepared to seek solutions that can be shown to *really* work in the sense of having a demonstrable positive influence. Initerdisiplinary research can do this, and so I invite at least some of you take the plunge.



Footnotes
^T1^TExperts on Ephesus (toured by the conference participants) and other Anatolian cities of this period like Mehlika Seval have argued that the term "Greek" is at least anachronistic if not worse, as most of these Pre-Socratics preceded the union of the Greek cities in the face of the Persian threat, and that, in any case, there was no long-lasting political Greek "empire" in the sense that the Romans, the Ottomans, and the British had empires. Nevertheless, in terms of culture and intellecutal civilization, the (mostly Athenian) "glory that was Greece" is, I suggest, a meaningful concept, and that those who contributed to the possibility of its development include Leonidas and his 300 Spartans, despite the fact that it was the later wars between Sparta and Athens that played a significant role in preventing a political Greek empire from being established. So I follow the philosopher-historian John Burnet in referring to a "Greek way of thinking about the world", and include the Pre- Socratic Ioanian philosophers in that mode of thought.

^T2^TThe spatial/visual cue distinction has been criticized because the "spatial" cues empoloyed (relationally) to learn where the platform is when it is hidden are also visual, these cues being various objects hung from the ceiling in the room containing the circular pool. Because the MWM models the problems faced by human sailors on the high seas, an alternative to the spatial/visual distinction that is feasible is navigation versus sighting. It will be noted that navigation involves a clearly deeper level of cognizing than sighting, even though, depending on the situation, it may be the shallower level of cognitive functioning that can be more adaptive. These insights were gained in the course of a sometimes heated discussion with my wife, Dr. Christine Furedy, whose disciplinary specialities (history and anthropology) are even further from the biological end of the biobehavioral continuum than mine. Initially I was sceptical whether a historian-anthropologist could help an experimental psychologist clarify a terminological problem in his own field, but now I see that this scepticism was misplaced, and probably fueled by the irrational territorial behavior manifested by many specialists.

^T3^TIn another context that was an interdisciplinary examination of verbal cognitive ability in humans and employed psychophysiological as well as behavioral measures (Oguz et al., 1995), sex and nicotine yielded an interactive effect on cognitive ability, with females being superior to males, but that superiority being eliminated by (smoking-administered) nicotine. 

^T4^TSo, for example, even though the originators of the modified MWM preparation have described their results as indicating "parallel information processing" that constitutes evidence for "independent memory systems" (McDonald & White, 1994), I have eschewed this terminology. The former expression is based on computer models of behavior that "treat the mind (and the brain) as an information processor" (Furedy, 1994, p. 177), as if living organisms functioned like computers (see also Searle, 1992 for more systematic philosophical critique of the adoption of the computer analogy by most current cognitive psychologists). The latter expression involves an assumption that comes down on one side of an issue which may well not be empirically resoluble: whether there is a single memory system operating at different levels, or whether there are separate and different memory systems. Experts in memory have been arguing about this one for at least two decades, and it looks at least to me that the argument may be more of a theological rather than an empirical debate.

^T5^TIn general I agreed with the conference's organizer, Sakire Pogun, when she suggested at the outset that we drop the student/lecturer distinction, because there were many situations where a "student" would be more expert in the topic udner discussion than a "lecturer", and because even if this were not so, fruitful scientific discussion is not facilitated by these sorts of distinctions. However, as there was at least a correlation (with some exceptions) between age and the student/lecturer distinction, I have used this distinction here.
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