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John J. Furedy

University of Toronto
and
Diane M. Riley
Addiction Research Foundation, Toronto

During the last two decades, there has been a change in the pre-theoretical assumptions of experimental psychologists: the mantle of scientific respecta​bility that used to cloak S-R theorizing has gradually come to cover cognitive theorizing instead. Segal and Lachman (1972) called this change of pre-theoretical mood a 'paradigm shift', and one set of arguments has centred around the question of whether this label is appropriate, or whether psychol​ogy is still a 'pre-paradigmatic' science. However those arguments are re​solved, it is the case that a change in emphasis has occurred in experimental psychology, with the focus now being on the processing of propositional information rather than on the learning of a response.
The overall aim of this chapter is to offer an evaluation of the effect of this change in emphasis on human Pavlovian autonomic conditioning (HPAC). This is an experimental preparation that employs, as dependent variables, autonomically controlled, non-invasively measurable physiological functions like changes in skin resistance (the so-called GSR), peripheral vasomotor changes, and heart-rate changes. However, because human Pavlovian auto-
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nomic conditioning is a form of learning, we shall begin our analysis with a historical account of the issue that was the central concern of learning theorists of the 1930s, 1940s and 1950s: the problem of what is learned. Our account of this conflict between S-R and S-S approaches of the Hull-Tolman era will then move to the current cognitive 'paradigm' shift, and the effects of this shift on the prevailing view of Pavlovian conditioning. In our view, this shift represents a form of S-S 'imperialism' (akin to the S-R imperialism of the Hullians), and by way of contrast we shall present a two-process view of Pavlovian conditioning which distinguishes between S-R and S-S factors and assigns an explanatory role to both processes. The third section of this chapter will contend that there are certain serious scientific limitations of the current imperialistic cognitive paradigm for understanding the nature of learning in general, and HPAC in particular. The final section will take up some more general philosophical considerations that seem to us to arise from the preced​ing discussion, considerations that relate to the role of instrumentalism in both science and technology.
1    The problem of what is learned: The S-R vs. S-S Conflict in the Hull-Tolman era
The historical account we offer is factually based, but like all historical accounts, it is itself only an interpretation. However, so that we can be as clear as possible about what the interpretation is, we begin by considering the crux of the matter: the meaning of the term 'cognitive'.
1.1    Cognitive as prepositional
It is widely accepted that the central concern of the Hull-Tolman conflict was whether the cognitive, Tolmanian view was valid, but the acceptance of this view does not contribute to a scientific understanding unless it is clear what the meaning of the term 'cognitive' is in this context. This critical term is often used in such a broad sense that its extension is almost unlimited. So in current usage, when the term is in good repute, one finds it used to qualify all sorts of areas in psychology (e.g. social, developmental), including that of behaviour therapy, which may appear to be a contradiction in terms. Similarly, in the heyday of Watsonian S-R behaviourism, the term was used almost as widely as one of opprobrium to qualify areas (and even individuals) which were not thought to be scientific. Such broad usage of critical terms is common in politics, as witnessed, for example, in the application of the term 'democratic' to societies ranging from liberal (e.g. West Germany) to totalitarian (e.g. East Germany—called the 'German Democratic Republic') ones.
This sort of broad usage, however, is not helpful for purposes of analysis, which requires that distinctions be  made between related but different
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concepts. The usage we shall adopt in this chapter is one where the term 'cognitive' is coterminous with the term 'propositional' in its epistemological sense. That sense, specifically, refers to any expression that is statable in the form X is Y, where 'X' and 'Y' are subject and predicate terms which are related by the copula ('is'). All such propositional expressions are ones to which the true/false category can be sensibly applied, without being involved in a 'category mistake' (Ryle, 1949). So a propositional relation is a copular one, in contrast to such non-propositional relations like S-R ones (i.e. those between stimuli and responses, to which it is inappropriate to apply labels of truth or falsity).
These somewhat technical considerations are relevant for the Tolman/Hull conflict, as well as to many of the issues of current concern to students of learning. Tolman's cognitive maps in which signs are related to significates are propositional, because it makes sense to speak to these sign-significate relations as either true (when the map is right) or false (when the map is wrong). In contrast, the Hull-Spense rg - sg hypothetical mechanism, designed to perform the same explanatory function as that performed by the Tolmanian cognitive map (cf., for example, Spence, 1956), does not express a propositional relationship, because the true/false category cannot be sensibly applied to it. It is also important to recognize that both sorts of hypothetical mechanisms can be loosely thought of as 'information'1 inasmuch as they can both change behaviour. However, only the (cognitive) Tolmanian one is propositional, being sensibly characterizable in terms of a true/false category.
The usage we are proposing here is widely accepted by philosophers but not by psychologists. Current psychological practice tends to not use the term 'propositional' at all, and assigns a broader (almost all-encompassing) mean​ing to the term 'cognitive', as it does to the term 'information' (for a more detailed critique of this practice than that given above, cf. Furedy, 1980; Riley and Furedy, 1982, 1985; Searle, 1980). We consider, and shall attempt to show below, that our usage is more desirable both because it stems historically from the Hull-Tolman debates, and because it is consistent with traditional epistemological usage (e.g. Armstrong, 1973; Lacey, 1976). In addition, our usage, which equates 'cognitive' with 'propositional' and which therefore employs the former term more restrictively, seems thereby to avoid the universality of extension, and hence 'incurable vagueness' (Ritchie, 1965), that the term 'cognitive' has come to acquire.
1.2    Background of the Hull-Tolman dispute and the relative scientific status of the two camps
As with any dispute, that between the Hullian and Tolmanian camps was multi-faceted. There was, for example, an overall difference in philosophy of science, with the Hullians favouring formalization more than did the Tol-
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manians. There were also socio-political differences (to be discussed below) that could well have stemmed from the differing personalities of the respec​tive leaders, in addition to their differing social milieux. However, the nub of the scientific dispute between them was this matter of cognition, as we have defined the term here. Specifically, the Hullians claimed that all learning was response learning, whereas the Tolmanians contended, on the basis of experiments like the 'latent-learning' preparation, that cognitions are also learned. It was this issue that was central in that era of 'grand theories', where it was believed that disputes between theorists could be settled by experiments run on laboratory rats as subjects—experimental psychologists' 'little white test-tubes' (Osgood, 1953).
The period of the 1930s to the 1950s also saw the dominance of the Hull-Spence approach. The members of both the Hullian and Tolmanian camps were behaviourists, but in that period it become quite clear who was winning the battle for the 'hearts and minds' of most experimentalists. The fact that the Hullian S-R behaviourists ran more experiments and had more highly formalized theories persuaded most that their approach was the more truly scientific and predictively powerful one. Hull's (1943) Principles of Behaviour was axiomatized along Newtonian lines, and Koch's (1954) detailed unmasking of the lack of genuine predictability in Hull's system did not reach the consciousness of most psychologists until at least the late 1950s. Likewise, Spence's (1956) influential book enjoyed high repute among many psychologists at least partly because it represented the first time that a psychologist had been asked to give the prestigious Silliman lectures.
On the other hand, the Tolman approach appeared much less tight. There were no attempts at formalization to speak of, with even MacCorquodale and Meehl's (1948) paper being only entitled a 'preliminary' set of 'suggestions to a formalization of expectancy theory'. Moreover, the rate of 'production' from the 'data factories' was far less in a laid-back Berkeley than at either Yale or Iowa. It is little wonder that, especially at some Midwestern depart​ments even as late as the mid-1960s, many felt it correct to ask 'What's on your behaviour?' even in casual conversation, lest they be thought to be tender-minded, woolly-thinking, mentalistic cognitivists. And neither Hull nor Spence could be characterized as easy-going personalities, in marked contrast to Tolman (though he by no means lacked moral fibre—witness his outspoken opposition to the invidious Loyalty Oath).
This is not to say that the cognitive behaviourists of those days went under without a struggle. However, considered in terms of conversion of the neutrals—the aim of every scientific controversialist, since the opposition is, by definition, impossible to convince—their efforts were mostly in vain. In the next section we provide an illustration of a cognitivist who, although in hindsight, had a clear logical advantage, lost out to his S-R opponent.
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1.3   The Kendler vs. Ritchie dispute
Kendler (1952), in an influential paper, argued that the issue of what is learned—the main bone of contention between the S-R and cognitive behaviourists—was not an empirical one, and should be resolved in terms of 'modern methodology', or in terms of which approach was considered to be more fruitful by the majority of experimental psychologists. Because of the current Zeitgeist, it was not hard to predict how this criterion of fruitfulness would determine the outcome at that time. Six months later, and in the same journal, a reply appeared by one of Tolman's associates: Ritchie (1953). Unlike Kendler's (1952) paper, Ritchie's reply is not well known (for the extent of its obscurity, see also below), so let us briefly summarize it, although we would also urge readers to check on our accuracy by reading the paper. In essence, Ritchie's paper is a reductio ad absurdum of Kendler's position. Kendler has proposed that fruitfulness rather than evidence is applicable for evaluating the S-R claim that 'All learning is response learning'. In a logical extension of Kendler's proposal, Ritchie applies this 'modern methodological' criterion to a proposition taken from the science of geography, namely that The earth is flat', and thereby demonstrates the absurdity of Kendler's position.
In terms only of logical considerations, one would expect a reply from Kendler, because Ritchie's critique was so damaging to Kendler's position. However, no reply was ever written, and at least in terms of what happened in the next thirty years, this proved to be adaptive on Kendler's part. Not only was Kendler to become a far more eminent experimental psychologist than Ritchie, but also Kendler's (1952) defence of S-R behaviourism is well known and became frequently cited, whereas Ritchie's (1953) cognitivist counter​claim is almost unknown and hardly ever cited.
There is, indeed, reason to believe that this anti-cognitivist bias was more than passive in form. A book written to educate undergraduates concerning major controversies (Goldstein, Krantz, and Rains, 1965) included the Kend​ler (1952) paper. However, not only was Ritchie's (1953) reply omitted, but it was not even referenced in these authors' preamble to the issue discussed in Kendler's paper. Moreover, 'the interested reader' was referred to papers by 'Campbell (1954), Rozeboom (1958), and Smedslund (1953)' for 'some of the reactions to, and comments upon' Kendler's article (Goldstein et al., 1965, p. 2), instead of being referred to Ritchie's paper which was the one most clearly opposed to Kendler's position. Cognition appears to have been well and truly 'circumnavigated' (to use Ritchie's terminology) by the S-R behaviourism-dominated literature of that period. The conflict over the role of cognition in behaviour was resolved paradigmatically (or politically), rather than in terms of logic and empirical evidence. It was to be expected that when
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the pendulum swung in the cognitive direction, the forces responsible would also be more political than evidential.
2   The current cognitive shift, effects on view of Pavlovian conditioning, and an alternative two-process view
2.1    The triumph of neo-Tolmanianism: Emergence of modern cognitive psychology
By the late 1960s, the cognitive 'paradigm shift' (Segal and Lachman, 1972) was already underway, and it is clear that the last score of years has seen the S-R approach fall into disfavour. The neo-Tolmanian score of years may be viewed as beginning in Pavlovian conditioning with the landmark paper of Rescorla (1967) on the 'proper controls' for this seemingly simple learning phenomenon. It is of special interest to consider the impact of the cognitive approach to Pavlovian theorizing, because the phenomenon, considered to be the 'simplest' form of learning, had usually been considered to be at the core of hard-nosed, S-R, Hull-Spence behaviourism. The immediate methodolog​ical impact of Rescorla's (1967) paper on the small but control-conscious group of Pavlovian experimentalists was enormous. Almost overnight the conventional 'explicitly unpaired' control acquired a seedy air of methodolog​ical inadequacy, and only the 'truly random' control was considered to be appropriate for true scientists. The fact that later work showed that, at least in autonomic conditioning preparations, there was no empirical difference be​tween the two controls (e.g. Furedy, 1974), and the fact that, as noted by Gormezano and Kehoe (1975), Rescorla himself returned to the (more convenient) unpaired control in his later experiments, went generally unnoticed. Even nowadays, the 'truly random' control is considered by most workers to be empirically superior to the unpaired control, and the concept of 'conditioned inhibition' in the sense specified by Rescorla (1969) is con​sidered quite basic to any Pavlovian conditioning phenomenon.
The reason why these sorts of facts proved to be so harmless to the 'contingency' (Rescorla, 1967, 1969) position is that the methodological principle of the 'truly random' control follows from what is essentially a cognitive, Tolmanian view of Pavlovian conditioning: that what is learned is the propositional, contingency relationship between the CS (sign) and the US (significate). Of course, Rescorla's (1967) paper had impact partly because it was so well argued and written, but at least part of the reason for its tremendous influence is that it rode the crest of the new cognitive wave, according to which Pavlovian conditioning was simply the association of the CS with the US, i.e. nothing more nor less than S-S, rather than S-R, learning.
Another illustration of how the cognitive shift came to be mirrored in current Pavlovian theorizing is the fate of the interstimulus interval (ISI),
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which is the temporal interval between the onsets of the CS and US. The next section is devoted to a more detailed analysis of the fate of the ISI than has, to our knowledge, been given before by students of Pavlovian conditioning.
2.2   Fate of the ISI as an illustration of the cognitive shift's impact
Like the account of the Hull-Tolman dispute, our account of the ISI is factually based, but still an interpretation.
2.2.1    The glory years
Until the early 1960s, the ISI was considered to be the most important determinant of Pavlovian conditioning. There were theories of conditioning formulated almost exclusively with the aim of explaining the various ISI-related findings (e.g. Jones, 1962), but, more importantly, there were 'hard data' or facts to support the ISI's vital importance as a parameter. Of these facts, the most relevant set was available from eyelid conditioning—the most common Pavlovian experimental preparation of that era. In that preparation, it was known even to undergraduate students of learning that optimal performance was obtained at slightly less than 0.5 sec ('the short half second' optimal ISI), and, even more importantly, ISIs exceeding 2 sec produced such little conditioning that they were sometimes used as control (i.e. no-conditioning) conditions in eyelid conditioning experiments. Corresponding to this set of ISI-related facts about conditioning is the set of historical facts about writings on conditioning of the period. Arguably the most important and perhaps even the only serious text on conditioning was Kimble's (1961) text. This book, which was often required cover-to-cover reading for North American graduate comprehensive examinations, stressed the absolute importance of the ISI for all forms of Pavlovian conditioning. By the mid-1960s, however, the literature began to evidence the change that would eventually remove the ISI from the consciousness not only of most graduate students, but also most researchers of Pavlovian conditioning.
2.2.2.    Kamin and the Conditioned Emotional Response (CER) preparation: Contrary database
Following a conference in 1963, Prokasy (1965a) edited a book on Pavlovian conditioning that was a sort of North American Pavlovian conditioners' Who's Who, and that, in the absence of a formal textbook, became as influential as a textbook. Prokasy's own chapter (Prokasy, 1965b) was in a minority cognitively oriented mode, but it is best discussed in the context of Rescorla's (1967) paper (see 2.2.3), which was a more influential version of a similar view. The other significant cognitively oriented paper in the Prokasy
8
Cognitive processes and Pavlovian conditioning in humans
(1965a) volume was by Kamin (1965). This chapter provided extensive data to show that in one form of Pavlovian conditioning—the CER preparation— increasing the duration of the ISI up to intervals of several minutes had no effect on performance. In interpreting his data, Kamin did not restrict his conclusion about the ISI's lack of importance to the CER preparation, but rather contended that the data were relevant to all forms of Pavlovian conditioning. Nevertheless, it bears emphasis that Kamin did feel it incum​bent to provide a large (if not broad, in the sense of spanning several preparations) database for his claims.
2.2.3    The Rescorla-Wagner (1972) model: Paradigmatic dominance
This well-known and highly influential model had its origins in the previously cited Rescorla (1967) paper. Like Kamin (1965), Rescorla applied his methodological espousal of the 'truly random' control to all forms of Pavlo​vian conditioning. Unlike Kamin, however, Rescorla (1969) provided no extensive data for his contention, but only a single experiment that was based on a version of the CER preparation (Rescorla and LoLoredo, 1965). Nor was there any explicit reference to the ISI in either the methodological (Rescorla, 1967) or empirical (Rescorla, 1969) papers, but it does follow from a thoroughgoing contingency (propositional) account that the ISI should be relatively unimportant. In Tolmanian terms, it is the semantic rather than the temporal relationship between sign and significate that should be important in determining whether the two are associated in the sign-significate expectancy. By the time the currently dominant Rescorla-Wagner (1972) model of Pavlovian conditioning emerged, the neo-Tolmanian, cognitively oriented, contingency2 shift was sufficiently marked that, to our knowledge, no one remarked on the fact that the ISI was not even a parameter in this purportedly rather complete, and precisely predictive, account of conditioning.
An observer who expects scientific theories to be restricted by the facts must be puzzled. What of eyelid conditioning, where even in the cognitive psychological world of today it remains a fact that ISIs of more than about 2 sec produce no conditioning, and the closer one is to about 450 msec, the more conditioning is produced? The seeds of a logical resolution of this problem were first offered by Gormezano and Kehoe (1975), who distin​guished between two sorts of Pavlovian preparations that they called CS-CR and CS-IR. Briefly, the former sort of preparation is one where the effect of the CS on the CR is observed by directly measuring the CR itself; eyelid, GSR, and salivary conditioning are all instances of CS-CR preparations. The latter sort of preparation involves measuring the effect of the CS on the CR indirectly, through observing the CS's effect on some instrumental response (IR) like lever pressing, shuttling, or choice behaviour; the CER and the poison avoidance preparations are instances of these CS-IR preparations.
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The Gormezano-Kehoe distinction is an empirical, operational one. The distinction was used by them to argue that, as a measure of conditioning, CS-IR paradigms were inferior, because of certain interactions that could confound the measurement of the critical dependent variable: the CR. Their argument was made against the implicitly stated cognitivist position that, because the CS-IR (e.g. CER) preparations generally produced more lawful data (i.e. fewer subjects required to obtain significant differences), it was these preparations that were the 'proper' (Rescorla, 1967) measures of Pavlovian conditioning. One sign of the current dominance of the cognitive view is that both their comments on Rescorla's later use of the 'explicitly unpaired' control, and their distinction between the two sorts of preparation, have failed to receive even negative commentary in the literature. In particu​lar, current textbooks on learning and conditioning (e.g. Schwartz, 1978) accept completely the cognitive view of Pavlovian conditioning: that it is a process of S-S learning in which the ISI factor plays a negligible role, and where the only critical control is to ensure that there be a condition where the contingency between the CS and US is 'truly random'.
2.2.4    Garcia's work, view, and ascribed view on the ISI
In the mid-1960s Garcia provided research evidence to show that an associa​tion could be learned between an event and another, even when the interval between them (i.e. the ISI) was as long as several days. The negative reception that this work received from journal editors is by now as well known as it was unfair, and when the work was finally published (Garcia and Koelling, 1966), the place of publication was not particularly high-profile. Nor was Garcia's own stated view of this work either then or now a position that was at all extraordinary or extreme. That position is that, in some preparations (in terms of the Gormezano-Kehoe distinction, the CS-IR sort), much longer ISIs were tolerable. What led to the legendary status of Garcia's work, and its highly damaging impact on the perceived importance of the ISI, was a view ascribed to him by others, namely that in Pavlovian conditioning, in general, the ISI was irrelevant. Such undifferentiated views are helpful for promoting political movements, but progress in scientific understanding requires that distinctions be made rather than blurred. In the next section we outline a two-process view of Pavlovian conditioning which distinguishes between S-R and S-S factors, and, rather than ignoring either sort or assigning that sort to epiphenomenal status, assigns explanatory roles to both processes.
2.3    A two-process view of Pavlovian conditioning
We begin with a critique of the Gormezano-Kehoe (1975) distinction, and propose an improved version of the distinction by differentiating between
10
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response vs. (cognitive) state learning processes. We then illustrate the relevance of this distinction, first by referring to actual, and then to 'thought', experiments. Finally, we contrast the two-process, 'minority' view with the dominant, cognitive view in both Pavlovian and (more briefly) instrumental conditioning.
From the time we have already given it, our high opinion of the Gor-mezano-Kehoe distinction is obvious. However, in our view, the distinction as stated does have two shortcomings, being too empirical and too judgemen​tal. Regarding the first shortcoming, the problem with purely operational-level distinctions is that it is possible to make an infinite number of them, so that the relative value of each cannot be determined. In fact the distinction is a valuable one, but this can only be recognized if one is prepared to speculate concerning the underlying process responsible for the apparent divergence of results between the CS-CR and CS-IR preparations.
It will not surprise the reader that our particular hypothesis is that the distinction underlying the difference between the two preparations is that between non-cognitive, response-learning processes on the one hand, and cognitive, propositional learning processes on the other hand. So in a CS-CR preparation like eyelid and GSR conditioning, the ISI parameter is important, and the empirical difference between random and unpaired control stimuli negligible. In such preparations, learning occurs mainly through contiguity (and possibly also reinforcement—see, for example, Furedy, 1965; Jones, 1962). On the other hand, in a CS-IR preparation like the CER and taste aversion, the dominant learning process is cognitive (i.e. propositional), which is sensitive to such contingency-based differences as that between a random and unpaired control CS. And, of course, in the acquiring of knowledge about the relation between signs and significates, the physical time interval between the two events (i.e. the ISI) is much less important than such factors as the semantic similarity between the two events. This, of course, accounts for the 'constraints on learning' experiments (e.g. Shettleworth, 1972), where it is whether the connection between CS and US is 'prepared' (Seligman, 1970) that is critical rather than the temporal interval between the two events.
The other shortcoming that the Gormezano-Kehoe distinction has, in our opinion, is that it is judgemental in the sense of characterizing one prepara​tion (the CS-IR) as being superior to the other in the sense that it is a more direct measure of the CR. This judgement is acceptable only to those who believe that the central process in Pavlovian conditioning is necessarily response-like. Our position, rather, is that both response and cognitive processes play an important role, and that the task is to determine, empiri​cally, the extent of the importance of each in different sorts of preparations and under a variety of conditions.
It is important to recognize that such investigations of both sorts of processes are ideally carried out not between different laboratories, each with
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its own (cognitive vs. non-cognitive) emphasis, but within the same lab, and, preferably, within the same experiment. In human autonomic conditioning, this strategy was advocated by Furedy (1973) for measuring the cognitive awareness of the CS-US contingency continuously throughout the experi​ment, and with a precision approaching that used for such autonomic vari​ables as the GSR. Experiments that used the 'subjective contingency' (SC) measure concurrently with the autonomic variables found that SC and GSR were by no means in a completely one-to-one relationship (e.g. Furedy and Schiffmann, 1973; Schiffmann and Furedy, 1977). Rather, whereas the cognitive SC dependent variable was sensitive to the difference between 'truly random' and 'explicitly unpaired' control CSs, the GSR was not. This pattern of results, obtained in a large number and variety of GSR conditioning experiments, suggested that the GSR was at least partly controlled by non-cognitive factors, even though it appeared that knowledge of the CS-US contingency was necessary for GSR conditioning (Dawson and Furedy, 1976).
On the other hand, those experiments could be interpretable simply as indicating that the GSR was not sufficiently sensitive to produce differential results. A similar argument could be advanced to account for the finding in those experiments that the extent of SC discrimination and GSR differential conditioning was not significantly correlated. What is needed to counter this insensitivity argument is to arrange a situation where cognitive factors predict differential outcomes in one direction, and non-cognitive factors predict differential outcomes in the opposite direction.
It so happens that there is an arrangement in GSR conditioning that provides this situation, where opposing differential outcomes are predicted on the basis of the two sorts of factors. This is the arrangement where US onset precedes CS onset by an interval that is shorter than the onset latency of the unconditional GSR. In such a short-interval (say, about 0.75 sec) US-CS arrangement, an S-R account (e.g. Jones, 1962) predicts excitatory condition​ing because, in terms of the relationship between the CS and the UR, the arrangement is a forward rather than backward conditioning one. In line with this prediction, some papers (e.g. Champion and Jones, 1961; Furedy, 1967), though not some others (e.g. Zimny, Stern, and Fjeld, 1966), have reported excitatory GSR conditioning with these short-interval 'backward' US-CS arrangements.
However, these experiments of the 1960s did not measure cognitive contingency awareness as well. The point of such measurement is that SC would be expected to show inhibitory rather than excitatory conditioning. Moreover, as detailed in Furedy, Arabian, Thiels, and George (1982), these directionally opposing predictions can be specified relative to an 'explicitly unpaired' CS (euCS) condition. So, according to the S-R position, perfor​mance to the 'backward' CS (bCS) should exceed that to the ueCS, the latter
12
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being viewed as the proper control for conditioning, i.e. bCS > euCS. On the other hand, it can be shown that on the basis of the Rescorla-Wagner (1972) contingency model, bCS is more inhibitory than euCS, so that the cognitive position predicts bCS < CS. The results of the study run along these lines (Furedy et al., 1982, Exp. Ill) were that whereas the GSR conformed to the non-cognitive, S-R predictions, the SC conformed to the cognitive, S-S contingency position. It is also of interest to note that in terms of the Gormezano-Kehoe distinction, the GSR may be considered to be an instance of the CS-CR paradigm, whereas the SC measure is analogous to a CS-IR paradigm. The important point, however, is that both 'paradigms' were treated as different dependent variables rather than as different preparations run in competing laboratories.
Nor is this 'double-paradigm' preparation confined to humans. Because the SC measure is obtained by asking subjects to move a rotary lever to indicate their beliefs about the CS-US contingency (see, for example, Furedy, 1973), an animal-learning oriented psychologist (Honig, personal communication, 1976) once facetiously suggested to the first author that extension of this strategy to rats would have to wait until they had learned to work a rotary lever. However, animals too can be used to gather both CS-IR (i.e. cognitive) and CS-CR types of dependent-variable information. What is needed is the sort of experiment sketched in previously (Furedy, 1979, footnote 3), wherein both sorts of dependent-variable information are collected in the same study. The experiment proposed was one where differential conditioning with two tones of differing frequencies as CS+ and CS- would be given to rabbits with the nictitating membrane response (NMR) as one dependent variable at a CS-US interval of 30 sec. With such long CS-US intervals, the NMR would show little or no discrimination between CS+ and CS-, suggesting the operation of a non-cognitive factor. However, a CS-IR independent-variable measure could be readily generated by later giving the animals a choice of entering compartments where either CS+ or CS- are sounded. It is very likely that this cognitive, CS-IR measure would show a reliable preference for the CS- compartment, indicating that the subjects had learned the sign-significate, contingency relationship between CS+ and the US (shock), even though they had not learned to make the contiguity-based NMR differentially to CS+.
More sophisticated versions of these animal double-paradigm preparations are also possible. For example, one could pit contingency against CS-UR contiguity by contrasting two conditions. In the Contingency condition, the CS+ would be followed by the US 100 per cent of the time, whereas the CS-would be 'explicitly unpaired' in the sense that it would always signal a US-free period. However, the CS-US interval for the CS+ would be 10 sec (too long for any appreciable NMR conditioning to occur). In the Contiguity condition, the CS+ would be followed by the US only 75 per cent of the time,
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but then at an interval of 0.4 sec, while the CS- would be 'truly random' rather than 'explicitly unpaired'. For the NMR the prediction is that discrimi​nation would be superior in the Contiguity condition, whereas any test of preference for compartments associated with CS+ and CS- should show greater discrimination in the Contingency condition.
Neither the animal nor the human double-paradigm experiments are difficult to instrument, and they do appear to be of theoretical interest. Yet to our knowledge such experiments have continued to be quite rare. In animals, a CS-CR preparation like that of the NMR in rabbits is used in studies designed to uncover physiological mechanisms (e.g. Berger and Thompson, 1978), but hardly ever in conjunction with CS-IR preparations like the CER or poison-avoidance in order to differentiate cognitive from non-cognitive psychological learning processes. Similarly, in human GSR conditioning, most workers (e.g. Grings, 1977; Prokasy, 1977) view the conditional GSR as simply a way of studying cognitive contingency processes, and so have not employed concurrent SC measures to look for any dissociations between cognitive and non-cognitive processes. Pavlovian conditioning, then, is now seen by most workers as solely in the Tolmanian, S-S, sign-significate, expectancy mode, so that Pavlovian learning is simply considered to be S-S contingency learning.
The view of instrumental conditioning has undergone a similar transforma​tion, which will here be alluded to quite briefly. Just as Rescorla's (1967) paper may be considered to be primary for the shift to the cognitive view in Pavlovian conditioning, so Bolles's (1970) paper may be considered seminal for the cognitive approach to instrumental conditioning. Bolles, a former student of Tolman, talks in terms of R-S connections or contingencies as constituting what is learned in instrumental conditioning. And this notion of learning that a given response leads to a given stimulus situation is, of course, formally equivalent to the Tolmanian cognitive map, inasmuch as it expresses a proposition with the R and S serving, respectively, as the subject and predicate terms. Accordingly, in both Pavlovian and instrumental condition​ing, the current cognitive emphasis views propositional learning (about S-S or R-S relationships) as constituting the whole of the learning process.
3    Limitations of the current imperialistic cognitive paradigm
We are aware that the term 'imperialistic' is an evaluative one, but we consider it to be applicable to cognitivism as it has been adopted by most current psychologists. The shift from non-cognitive to cognitive processes has been almost total. From the earlier Hull-Spence equally imperialistic S-R position, where the organism was viewed as being only capable of learning responses to stimuli, and totally insensitive to propositional relationships (or information), we now seem to have come to the opposing extreme view—that
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of an organism that is purely cognitive, sensitive only to propositional relationships. It is no accident that the use of the computer analogy is ubiquitous in current writings. That analogy is not influential only when specifically referred to. It is also evident in the use of such terms as informa​tion processors, input-output, encoding, and so on. In the following two brief sections, we indicate what this exclusive concentration on propositional relationships or information has produced in Pavlovian-conditioning research, and in applications that are at least partly based on Pavlovian conditioning.
3.1    Forgetting the response in modern Pavlovian theory
It is somewhat ironic that a preparation which was based, originally, on Pavlov's study of the salivary reflex, has now come to be regarded by most workers solely as a tool for exploring how organisms come to learn cognitive sign-significate relations (or contingencies) in their environment. This use of Pavlovian conditioning, as an expectancy index, is particularly attractive in (subhuman) animal learning, where language is not available as a convenient indicator of what knowledge has been learned by the subject. But in this process, it appears that, as in the case of instrumental autonomic conditioning or biofeedback (Furedy, 1979), there is a need to 'remember the response' when one is seeking not only to use Pavlovian conditioning as a tool, but to understand it a phenomenon.
So in a preparation like that of poison avoidance, the learning of responses has almost totally been forgotten. This preparation may be eminently useful as an index of how organisms come to acquire expectancies about safe and unsafe foods, but consider it as a method for studying the conditional response (CR). What is the CR, and is it systematically measured in these arrangements? In fact, not even the unconditional response or UR (illness) is systematically measured, and certainly not its conditionable component (nausea) in the typical poison-avoidance study. The focus is only on the expectancy index, which is some measure of preference or intake.
The CER preparation (another CS-IR one, in terms of the Gor-mezano-Kehoe distinction) has a similar exclusively cognitive-index use. It might be thought from the original name that what was being studied was the learning of the 'emotional response', but, in fact, no such feelings of fear elicited by the CS are ever measured. Not that the measurement of the CS-elicited fear response was something that had never been attempted. Preparations like the probe-stimulus one of Brown, Kalish, and Farber (1951) were designed to measure just that conditional fear response, and provided information about such response properties as latency (suggesting that the onset latency was significantly longer than that of a motor response in
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a reaction-time task). But that sort of concern, despite its original name, was never evident in the CER. Of course, there is measurement of behaviour, namely the bar press, but that behavioural measure indexes only the cognitive sign-significate learning process, and not any conditional emotional response elicited by the CS. Perhaps in recognition of this fact (that the learning of an emotional conditional response was not of interest), the name of the CER preparation has more recently been changed to that of 'response suppression', which is certainly a more accurate and neutral way of indicating the expectancy-index status of the CER.
However, even in CS-CR preparations like the GSR, the dominance of the cognitive orientation has been evident. As indicated elsewhere (Furedy, 1973) and above, the GSR is considered by most current workers as an expectancy or contingency index, and only S-S factors are viewed as impor​tant. This view of autonomic conditioning also has implications for more applied-oriented endeavours. Some years ago, the Toronto laboratory mod​ified the slow positive tilt technique used by physicians into a fast negative tilt to produce large-magnitude (some 35 beats per min), non-habituating heart-rate (HR) decelerative responses with a stimulus that could be repeated readily at least as often as one per minute. In other words, as detailed elsewhere (Furedy and Poulos, 1976, Exp. I), we had developed an ideal US-UR preparation for eliciting a medically relevant and desirable myocar-dial function: HR deceleration. However, as also detailed elsewhere (Furedy, 1977), when it came to the practical issue of how to transfer a goodly part of this target response to a CS (i.e. how to teach subjects to decelerate in the absence of the tilt), we found little help in current cognitive Pavlovian theories to help us. Indeed, as in eyelid conditioning, the most critical parameter appeared to be the one that modern cognitive theorists have ignored—the ISI, with little or no conditioning obtained with a 5-sec ISI, in contrast to some 5 beats per minute (bpm) with a 1-sec ISI (Furedy and Poulos, 1976, Exp. II).
It might be thought that the improvement in CR magnitude (from about 5 to 10 bpm) which was yielded by adopting the 'imaginational' form of the preparation (Furedy and Klajner, 1978), as well as later work which indicated that imagery ability played a role in modulating the CR in this preparation (Arabian, 1982; Arabian and Furedy, 1983), constitute evidence for the relevance of cognitive factors. However, in the propositional sense of cogni​tive used here, this is not the case. The image of the US (which subjects are instructed to produce at CS onset) is not a propositional expression. Though mental, it is a response and not a cognition. Indeed, the relevant cognitive factor is the awareness that the CS is a sign of the US (which is a proposition that all subjects readily learn), and that factor has played no role at all in the negative tilt preparation. In the next section we consider a broader class of therapies that are viewed as at least partially based on Pavlovian theories.
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3.2    Cognitive behaviour therapy and Guthrie's jibe revisited
To put the matter in a rather colloquial nutshell, the result of the cognitive emphasis is that although current theories say much about what organisms think, they say nothing about what they do. More specifically and in terms of applications, modern learning psychologists have become quite unhelpful in teaching people how to respond appropriately, no matter how much those people may know what they ought to be doing.
It is, in our view, no accident that the S-R theorist Guthrie's major jibe at Tolman's cognitive explanations was that they 'left the rat buried in thought'. In 1.3 we sided with Ritchie's assertion that the evidence clearly indicated the falsity of the basic S-R assumption that all learning was response learning. However, to come down on the cognitive side on this issue is not to say that, in general, cognitive theory gave a superior account of behaviour than the S-R position. The basic problem with Tolmanian cognitive theory—the problem nicely captured by Guthrie's jibe—was that there was no account of how the behaviour got started once the organism, on the basis of the expectancies that it had learned, had 'decided' to carry the behaviour out.
One probable reason for not even attempting to account for actions was that Tolmanian theory was not only cognitive, but also purposive or teleologi-cal. Such positions consider purposes to be sufficient explanations of behaviour, whereas, at best, purposes are no more than summary descrip​tions. On the other hand, as detailed elsewhere (Furedy and Riley, 1984), the connection between cognitivism and purposivism is merely historical or contingent, rather than logical or necessary (Maze, 1983). Nevertheless, it is a contingent fact that modern cognitive accounts have also tended to neglect actions or responses. In operant autonomic or biofeedback conditioning, most current procedures leave the patient 'mired in information' (Furedy, 1979). That is, the patient is given extremely accurate propositions concerning the target autonomic behaviour to be modified (e.g. heart-rate deceleration), but it is simply assumed that this information per se will lead to an increase in control over the target response. More colloquially, the patient is shown, in great detail, what is going on, but not how to do it.
Similarly, as detailed by Furedy, Riley, and Fredrikson (1983), if the cure of phobias is considered to be a problem of extinguishing a Pavlovian fear reaction, then the application of purely 'rational' methods (i.e. cognitive behaviour therapy) will not be effective, because response-learning processes are thereby ignored. It is not, of course, suggested that a clinician with common sense would adopt such a purely cognitive approach, because contact with a real phobia quickly establishes that purely rational methods are ineffective. However, our point is that with the current cognitive imperialism, the clinician has no theoretical underpinning for those of his/her methods that
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involve response learning, because current Pavlovian theory has largely 'forgotten the response'.
Throughout this chapter, there has been a suggestion that current approaches to problems are unconcerned with the facts, but this suggestion has not been systematically developed. A more systematic treatment is desirable, if only because the suggestion that scientists are unconcerned with facts appears, at first blush, to be a peculiar one. This issue is examined a little more systematically—albeit still briefly—in the last major section of this chapter.
4   A more general look at the problems: Instrumentalism in science and technology
Although not stated in those specific terms, the doctrine that ultimately the facts do not matter has a considerable following both in science (basic research) and technology (applications of that research). In what follows we provide a critical appraisal of the doctrine of instrumentalism in science and technology.
4.1    In science: Cognitive status of theory
In terms of the philosophy of science, the issue that instrumentalism speaks to is the 'cognitive status' of theories (Nagel, 1960). In apparent contradiction to realism, according to which theories (and hypotheses) are to be evaluated in terms of their truth or falsity, instrumentalism suggests that theories are not true or false but are rather more or less useful, fruitful, or heuristically helpful. The instrumentalist alternative has wide currency in psychology. Perhaps the best indication of its sway comes from examining most modern introductory textbooks. The few paragraphs on the role of theory usually indicate that in a less sophisticated period psychologists used to think of their theories as being true or false, but that in these more sophisticated days theories or models (the two terms being used interchangeably) are to be evaluated in terms of their usefulness. Sometimes the text mentions that the reason for the abandonment of the realist conception is that the truth of theories can never be certainly determined.
The impossibility of ever proving the truth of theories in any empirical science is only a convincing refutation of naive realism, and is, therefore, a straw-man argument. The non-naive realist view of the philosophy of science maintains that epistemological uncertainty is a given, but that ontological issues exist independently of human beliefs about those issues. The realist-instrumentalist debate can be traced back to the differing approaches of
18
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Socrates and Sophists like Protagoras whose dictum that 'man is the measure of all things' is that of instrumentalism (see Furedy and Furedy, 1982). In current philosophy of science the debate is between thinkers like Popper (1959) and Scheffler (1967) on the realist side, and those like Feyerabend (1975) and Kuhn (1970) on the instrumentalist side, although it must be recognized that there are strains of the opposing camp's views in the writings of those on each side of the debate. Because this is a complex and controver​sial issue in the philosophy of science that has been exhaustively debated by specialists in the area, we do not intend to give a complete analysis. Rather, our intention is simply to comment on the issue from the psychology-of-learning stance of this book, and in those terms only, to suggest that the realist approach is preferable. Accordingly, we shall not state the technical philosophical arguments against instrumentalism, of which the most convinc​ing appears to us to be that the doctrine is fundamentally incoherent (see, for example, Anderson, 1962; Maze, 1983). Instead, we shall simply consider how 'useful' the criterion of usefulness has been in advancing the science of the psychology of learning.
The basic problem with the instrumentalist approach is that although it is clear that theories are abandoned in favour of other theories, it is much less clear whether such changes in theories represent progress in the understand​ing of the phenomena in question. It is, of course, often said that theories are abandoned only when a 'better' theory is available, but it is not at all clear on what grounds the label 'better' is validly applied. To put it in more objectionable—but not obviously refutable—terms, we may ask whether the changes in psychological theoretical approaches that do occur are any differ​ent from the changes in skirt-length approaches that occur in the world of fashion. The reason why the skirt-length analogy appears ridiculous is that dress fashions change for the sake of change, whereas scientific theoretical change is expected to occur because of the evidence, and is expected to lead to progress in understanding the phenomena. However, it is just that evidential relevance that instrumentalism has replaced with man as the measure of truth. So it is not surprising that the skirt-length analogy, while emotively undesir​able, cannot readily be dismissed on rational grounds.
The application of the skirt-length analogy to the recent cognitive paradigm shift is also less than completely far-fetched. In support of the analogy, it does appear to be the case that, as detailed above, the shift from S-R to cognitive theorizing occurred not through consideration of the evidence, but through a consensus that the cognitive now constituted a more 'useful' theoretical 'framework'. Moreover, disputes within modern cognitive psychology be​tween competing positions also seem to be settled in terms not of the evidence but of the relative fruitfulness (measured by such aspects as amount of research generated) of differing 'frameworks'. So, for example, Lockhart and Craik (1978) defended the Craik-Lockhart (1972) levels-of-processing posi-
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tion against their critics (e.g. Eysenck, 1978) on the grounds that their position was merely an approach to the mind rather than a hypothesis concerning how the mind actually works, and therefore was not subject to criticism through contrary evidence.
The trouble with adopting the instrumentalist approach to science is that, as in the fashion business, it is hard to see whether change represents any more than simply change for its own sake: there is no real progress in understanding of the phenomena of interest. In particular, if the change in paradigm involves ignoring a set of factors that do, in fact, influence behaviour, then paradigm changes do not represent scientific progress.
In this connection it is relevant to recall that, as detailed above, when the S-R paradigm was dominant the instrumentalist doctrine was used to support it over and above seemingly contradictory evidence that pointed to the influence of cognitive factors. The Kendler-Ritchie debate of the early 1950s can be viewed as one between an instrumentalist and a realist approach to science. At this level of analysis it is not Kendler's (1952) S-R view that is important, but his 'modern methodological' (i.e. instrumentalist) approach by which he proposed to 'circumnavigate' (Ritchie, 1953) the fact that cognitive factors influence behaviour. Though still not using the term instrumentalism, Ritchie continued his critique of this approach a decade later, when he complained of the 'incurable vagueness' in psychological (learning) theories (Ritchie, 1965), and gave extensive quotations to indicate that the leading theorists seemed to glory in their positions' vagueness or untestability. The lack of emphasis on 'strong inference' (Platt, 1964) is a direct result of the adoption of the instrumentalist approach by most of the psychological sci​entific community.
4.2   In technology: The apparently pragmatic attitude
Workers who regard themselves as more practical and pragmatic than 'ivory-tower' basic researchers, and who have to deal with real-life problems, are also mostly instrumentalist in their outlook. This instrumentalist strain is evident in such slogans as, 'As long as it works, I don't care how'. It is also expressed in the view that placebo effects are useful in the long-term technological sense, it being unnecessary either to understand the principles of operation or to determine whether the treatment has the specific effects that are attributed to it by its proponents. Yet another expression of instru​mentalism is the notion of 'clinical evidence' as something that is epistemolog-ically superior to 'mere' research evidence. In particular, this view asserts (most often implicitly) that a particular technique's efficacy may be ad​equately supported in the absence of well-controlled research studies, as long as there is 'clinical evidence' that it works. When the term 'clinical evidence' is unwrapped, it turns out to refer to clinicial experience, with in turn is an
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elaborate way of stating that, in the opinion of the clinician, the technique is efficacious. Of course, what this view ignores is the fact that the history of medicine is replete with instances where the practitioners were convinced that their own particular technique was efficacious, despite the availability of convincing observational evidence to the contrary. Just as scientific theorists will tend to protect their own theory against unfavourable evidence, so practitioners have too strong a vested interest in their favoured techniques to serve as an adequate testing ground of those techniques.
More generally, our counter-view (which is a realist one) to instrumental-ism in technology is that the approach suffers from the same shortcomings as it does in science. Specifically, it does not allow improvement in methods, but rather ensures only that methods will change with changing fashions. A technology that relies on placebo effects and evidence based on inadequately controlled observations is one that, in the long run, will prove to be ineffec​tive. To take an example from modern physical medicine, no matter how technically sophisticated coronary by-pass operations may become, if their performance is decided on the basis of clinical intuition rather than in terms of evidence based on controlled observations, the technology of treatment of myocardial dysfunction will remain at a snake-oil level of medicine. This is not to say that there will not be powerful and beneficial placebo effects. A particular surgeon with certain patients may work 'magic' through a placebo factor, but magic is no substitute for effective technology.
The same applies, in our view, to current biofeedback treatments. As long as there is no interest in establishing whether biofeedback has any specific effects over and above placebo ones, the notion that we are pragmatic is an illusory one. A true pragmatist determines whether a particular treatment works on the basis of evidence, and that determination cannot be efficiently made if the evidence is based on uncontrolled observation. Moreover, such observation is uncontrolled if the thing that is supposed to work is left unspecified, i.e. if biofeedback is conceived of in such broad terms that it includes all that happens between the therapist and patient. The witch-doctor medicine of primitive societies was often extremely powerful, but the power lay solely in placebo effects which are conditional on local culture. Modern scientifically based medicine is effective (where it is so, as in immunology) because it is evidence—rather than doctrine-based in its approaches, i.e. it is genuinely pragmatic. Instrumentalism in technology, then, is undesirable because, in the long run, the approach yields instruments that do not really work, being dependent on doctrine rather than the facts.
Notes
1    The term 'information', as originally used in information and systems theory, referred to the transmission of messages in a system (Shannon and Weaver, 1949).
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According to this definition, 'information' is a term which is used when speaking of meaning being conveyed from one part of a system to another. When speaking of meaning, some form of understanding is assumed. So the term 'information' implies that some message is being understood. This original sense of the term is clarified when it is remembered that information theory originally dealt with the relaying of human messages in a telephone system. The use of 'information' in areas such as systems theory is therefore quite appropriate to the extent that the system can be properly said to understand, i.e. to be able to relate the information to other information. In systems theory terminology, systems that are not built with the capacity to understand are said to receive signals rather than to process information. In this case no assumptions are being made regarding the capability of the system to process information.
Despite the fact that the term 'information' does imply meaning and understand​ing (i.e. it implies that there is a particular kind of psychological process in operation), the term is now widely used in psychology and physiology to refer to events ranging from neural impulses in response to environmental signals to complex instructions. Clearly, such broad usage can only lead to confusion as to the capabilities of the systems involved in each instance. While it may be popular to refer to synapses as 'processing information', to describe them as doing so assumes that meaning is being conveyed and that understanding is taking place. It would, however, seem somewhat premature to ascribe these psychological properties to single neurons. If it were the case that synapses could indeed carry out such processes, then the implications would be extremely important. But implying that they do so obscures the need to determine which parts of the nervous system can and do process information, and what kind of information is processed by different systems. To use terms so loosely only tends to make us lose sight of the very important differences between different systems. If every part of the nervous system is said to process information and therefore to understand, what sense can be made of the differences between psychological and non-psychological events, or of differences between different types of psychological processes? Although the Rescorla-Wagner model is frequently referred to as a contiguity account of Pavlovian conditioning, it is, strictly speaking, a contingency model. The Rescorla-Wagner model is characterized by themselves and other theorists (e.g. Gray, 1975; Mackintosh, 1973) as a contiguity model because it is said to avoid explicit reference to expectancies and mentalism, and presents the Pavlovian conditioning process as one of gradual incrementation as opposed to 'insight'. The Rescorla-Wagner model is, in fact, a contingency account because it requires that the organism process propositional information about the relationships between events rather than simply requiring that the organism react to events. That is, it is a model based on the learning of S-S relationships, a process requiring representa​tion. The Rescorla-Wagner organism learns that the CS is a sign of the US—a proposition, and therefore a contingency relationship. A contiguity, or S-R account, on the other hand, can only be based upon the learning of responses to stimuli, a process requiring no representation or processing of propositions. Thus, despite a popular characterization as a contiguity model, the Rescorla-Wagner model is a contingency account. It differs from a model explicitly labelled 'contin​gency' such as that of Mackintosh, only in the precision of the propositions learned by the organism. For example, as reviewed by Gray (1975), Mackintosh (1973) performed an experiment that appears to refute the Rescorla-Wagner position. In that experiment rats showed greater inhibition in a transfer (to excitatory condi​tioning) test to a CS that had been random with respect to the US than to a CS that had simply been presented alone. According to the Rescorla-Wagner model, the
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conditional probability value of both CSs is equal. We agree with Gray (1975) that this constitutes a refutation of the Rescorla-Wagner position, not because it is a contiguity position, but rather because the contingencies it specifies do not make as precise distinctions between known sign-significate relationship propositions as are, in fact, made by the organism. Specifically, with the random CS the organism learns the proposition that 'This sign is a signal of the US being completely unpredictable' (1), whereas with the CS alone the proposition learned is that 'This sign is not a signal for anything' (2). Now during the test (excitatory conditioning) stage, both groups learn the proposition that 'This sign is a signal for the US' (3). To the extent that propositions (1) and (2) are distinguishable to the organism, the degree of contradiction between (1) and (3) is greater than between (2) and (3). Hence, the results emerge that are contrary to the over-simplistic Rescorla-Wagner model, which, however, is still a propositional, representational, sign-significate, contingency model.
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