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			Foreword to the second edition

			It has been six years since the first edition of this book was published. During this time, it has been used as a manual for the subject of Complex Learning, which has allowed us to continuously evaluate it. As a result of this evaluation, the modifications that appear in this third edition have been made.

			Logically, we have corrected the typos and editorial errors that is book is framed. The three keywords guiding this project are: discrimination, generalization, and application. In large groups, we teach theoretical classes aimed at helping students discriminate the fundamental contents of the subject: distinguishing between simple discrimination and conditional discrimination, functional classes and equivalence classes, autoclitics and intraverbals, and more. The aim is to provide a comprehensive technical knowledge of the central topics of complex learning. In medium-sized groups, seminars are conducted to enable students to generalize the concepts learned and apply them to various contexts. Thus, they will learn that a conditioned reinforcer is not only a tone paired with a primary reinforcer but also a gesture of approval carried out by a caregiver. Finally, based on the premise that to be a reinforcer, it is necessary to emit behavior, students in small groups will put into practice the contents learned to verify how the adequate elaboration of contingencies influences the behavior of specific organisms. 

		

	
		
			Foreword

			The reader is presented with a complex learning manual. Here, you will not find what typically appears in a manual of psychology of learning and conditioning, such as reinforcement programs, basic contingencies of operant conditioning, procedures of classical conditioning, etc. All of the aforementioned will be covered, but as necessary material to address the phenomena discussed in this book. But what do we mean by the term “complex”? Firstly, it refers to contents (categorization, consciousness, communication, etc.) that require other more fundamental and general contents to be explained. Secondly, it pertains to procedures that involve more elements in their structure. Typical explanations of classical conditioning and operant conditioning usually consist of two or three elements: EC-EI and (Ed)-R-Er. In complex learning, we start from there and include more elements. Thus, one of the frequently mentioned procedural protocols in the book will be that of conditional discriminations (four elements) and contextual discriminations (five). Even in situations where we work with the discriminative-response-reinforcer operant triad, we employ a greater variety of stimuli (interoceptive, proprioceptive, relational stimuli, etc.) and numerous stimuli that serve the discriminative function. In other words, we complicate the situation by increasing the number of relevant elements and the number of exemplars used in each context, thus making the behaviors under study more complex.

			The book commences with topics dedicated to contextualizing the contents. From my perspective, these are fundamental chapters since they help establish the conceptual framework in which everything else makes sense. The exposition of complex learning is of a scientific nature. Working within the scientific context has critical characteristics and implications that the reader needs to understand. Within the realm of sciences, we adopt a psychological approach, operating at the level of psychological analysis rather than that of Biology, Anthropology, or Economics, to provide a few examples. Lastly, among the different approaches within psychology, the author’s reference is the behaviorist paradigm. From my standpoint, other approaches (psychoanalysis, cognitivism, etc.) present conceptual, methodological, and technological problems that make them less suitable for the study of organism behavior.

			Finally, I wish to acknowledge that this work was not undertaken in isolation. I have been collaborating for many years with my colleagues, Santiago Benjumea, Mayte Gutiérrez, Jesús Gómez, and Vicente Pérez, from the ‘Learning and Behavior Analysis’ research group, and this work draws upon others written by them, with or without my participation. I would also like to express my gratitude to my SAVECC colleagues Carmen Caballero Hermosín, Alba Povedano García, and Germán Pajuelo Remón for their assistance in developing the last chapters of the book, primarily. Lastly, I would like to extend my appreciation to my editor, Eduardo Márquez, for his enthusiasm, hard work, and patience invested in this project.

		

	
		
			THEME 1

			Historical-philosophical contextualization of the psychology of complex learning 

			Andrés García García, Enrique Moraleda Barreno, Johanna Andrea Herrera Lesmes y José Andrés Lorca-Marin

			1.1 Introduction

			This chapter consists of three distinct parts:

			•In the first part, we will conduct a historical review of the relationship between humans and other animal species in our discipline. An important part of the content in this book is extracted from psychological research conducted with non-humans species (primates, rats, pigeons, dolphins, etc.). Such content would not make sense if it were not framed within the theory of evolution, both in its structural and functional characteristics.

			•A second section will be devoted to studying the conceptual and technological evolution that the study of complex learning has undergone. Initially, the psychology of learning was more oriented towards relatively simple behaviors that were studied through the use of discrete trials. Subsequently, it moved towards more complex behaviors in richer environments, leading to the use of operant techniques.

			•Finally, before summarizing the history of scientific knowledge in our field, we will dedicate a third section to a brief review of its pre-history: “the artisanal knowledge accumulated over the centuries about this discipline.”

			1.2 Historical Review of the Relationship Between Humans and Other Species in the Field of Psychology

			In this first section of the book, we will carry out a historical analysis of the role that evolutionism has played in psychology in general and in the psychology of learning in particular. In a complementary way, we will analyze key concepts such as associationism and the reflex model.

			1.2.1 Historical Background of the Psychology of Learning

			1.2.1.1 Aristotelian Psychology

			The most remote origins of associationist empiricism lie in the figure of Aristotle. The central theme to be explained by Aristotelian philosophy (and probably by all Greek philosophy) was that of motion, the transformation of substances. But Aristotle’s concept of motion is not limited to our modern conception of spatial displacement; in fact, Aristotle considered three basic types of motion: quantitative motion, the increase or decrease of the volume of matter, qualitative motion, which implies an alteration of the individual, and finally, local motion or change of place.

			Living beings are apparently endowed with spontaneous movement or self-movement. However, Aristotle discarded the Platonic idea of self-movement. Movement always occurs in a subject and always obeys a cause that produces it: “everything that moves, necessarily moves for another.” Certainly, the origin of the movement of living beings is in the very nature of those beings, but this does not mean that Aristotle accepted the old animistic idea of a suprasensible entity that originates material movement. Unlike his teacher Plato, Aristotle adopted a clear monistic and naturalistic position: ultimately, since the motion of the living being depends on vital functions such as nutrition, generation, and growth, the ultimate origin of such motion must be sought in the very nature or environment in which the living being develops (Hirschberger, 1963).

			Thus, for Aristotle, in addition to being a natural science, the object of study of psychology was the living being. In Aristotle, we find one of the clearest precedents of the functional approach to the psychological problem: behavior, seen as a change in the functionality of the organism, as a development of new potentialities of interaction with and adaptation to the environment.

			From the above naturalistic conception, a highly revolutionary idea would emerge: that the soul should not be considered as an entity separable from matter, as it was derived from the Greek mythical tradition and later adopted by the Pythagorean and Platonic school. In fact, the soul would be nothing other than the form of living substances. Understanding the soul as a form or expression of the living substance and not as a suprasensible reality superimposed on it, the problem of knowledge could not be approached from any other perspective than from a natural empiricism.

			In this line, Aristotle followed the epistemological path of his well-known hypothesis of the tabula rasa: everything we know, we know through sensible experience, which is the ultimate origin of knowledge. Despite this, and due to a possible Platonic influence, there still remained in Aristotle’s psychology many innatist elements (see, for example, Baumrin, 1975). In any case, his empiricist facet (which he accentuated with age) would use the primordial idea of association to establish the conditions that affect experience. In this way, the Aristotelian vision of learning bequeathed us the concepts of association by contiguity, similarity, and contrast, which are so important in modern psychology. However, these associations should not be understood as the fruit of the activity of an inner mind or soul, given the monistic character of the Aristotelian concept of soul.

			In short, Aristotle considered psychology as a science of nature, fundamentally empirical, and therefore based on the importance of learning, as well as aiming at the analysis of the conditions of association as a central theme of knowledge. However, it would take many centuries for these seminal ideas to come to fruition. The influence of Plato’s idealistic dualism, introduced and exaggerated in Christianity by Augustine of Hippo, would constitute the official philosophy of the Middle Ages supported by the Roman Church. It is from the Renaissance onwards when the old Aristotelian problems are taken up again, although reworked through this dualistic perspective.

			1.2.1.2 Cartesian Psychology

			With the advent of the Modern Age, as Kantor (op. cit.) pointed out, the dichotomization or differentiation of nature took place: the division of material reality based on the extensive-inextensive or external-internal duality. Thus, while material nature progressively fell into the hands of natural scientists, philosophy continued to delve into psychism, understood as a spiritual and inextensive entity responsible for accounting for the psyche. Perhaps the most representative figure of this dualistic approach is Descartes.

			There are several layers in which the Cartesian partition produced a split (García and Benjumea, 2002), namely:

			a.On the ontological level: By differentiating material reality (res extensa) from spiritual reality (res cogitans). Descartes assumed, and this constituted an important advancement, that the former followed the deterministic laws of nature, although this did not apply to the soul, whose contents and functioning essentially followed the divine will.

			b.On the epistemological level: The existence of two different substances led to a natural dichotomy in the realm of knowledge. While the soul was primarily conceived as a rational thinking activity, whose approach could only come from its own self-reflective activity, the body, as an extensive substance, would follow the laws of physics, specifically Newtonian mechanics subject to empirical analysis. In short, the study of physical and biological processes could be approached using natural methods, whereas the psychic was a domain reserved for introspective and rational activity of the soul.

			c.On the behavioral level: Descartes differentiated between purely animal or involuntary behavior (also present in man), for which he proposed the mechanical model of reflex, and the psychic activity of thought and volition. Nevertheless, for Descartes, the problem of psychic activity was secondary, and his interest, like that of Locke and Hume, was more concerned with a problem of knowledge rather than an exploration of the contents of consciousness.

			d.Innatism-empiricism: Although Descartes consistently maintained a fundamentally rationalist and innatist position, by admitting the interaction of the soul and the body, he allowed for the transition from sensible knowledge to the soul, leaving the door open for empiricism. This tendency became more apparent in his later work when he incorporated the passions of the soul as the result of the interaction between the soul and the body (Pérez Delgado, ob. cit.).

			In short, Descartes bequeathed two concepts that would significantly influence modern psychological theories: (1) the mechanical model of reflex as the principle of causality, and (2) dualism as a division of the world, in which psychic phenomena belong to a sphere different from that of the material world.

			On the one hand, it is evident that both Pavlovian conditioning and the E-R theories of instrumental conditioning are clear descendants of the causal model of reflex: the notion that all behavior must have an external and immediate cause closely relates to the mechanics of the movement of bodies. However, as Ribes (1989) points out, Descartes also incorporates the mechanics of light to explain phenomena such as perception and cognitive processes: like light, sensory information does not produce movement or displacement; it is only reflected in the mind, where “the representations of objects as ‘images of things’ are the ideas” (Carpenter, 1976). The clear connection of such ideas with contemporary cognitive theories of representation as a copy of the external world is undeniable.

			On the other hand, regarding dualism, it is evident that it has been eliminated from the ontological plane in modern scientific psychology (Gazit and Terkel, 2003). However, its influence still persists at the epistemological level since much of contemporary psychology considers observable behavior (res extensa) as a mere manifestation of the psychic process, which, by definition, is unobservable and internal (res cogitans) and can therefore only be inferred.

			1.2.1.3 Empiricism and Associationism

			In reaction to Cartesian innatism, some philosophers from the British Isles, contemporaneous with and subsequent to the French philosopher, revisited the old Aristotelian idea of the tabula rasa, asserting that all knowledge stems from our sensory experience. What began as a mere epistemological concern (Locke, Hume) eventually developed into a profound exploration of mental functioning (Hartley, Mill, Brown, etc.). Despite the significant differences among these thinkers, they all shared two central ideas: the empirical nature of knowledge and the belief that the fundamental mental mechanism was association.

			Regarding the concept of association, virtually all authors embraced, in one way or another, the primary Aristotelian laws of association by contiguity, similarity, and contrast. However, there are important nuances to consider, which can be summarized as follows:

			•For Locke, association is an activity of the mind, yet it impedes introspection. The object of introspective analysis would be precisely “to decompose what the mind has composed” (Caparrós, 1978).

			•Hume took a more mechanical approach to association, viewing it as a kind of gravitational force in which the mind acted more passively than in previous conceptions. Of particular interest for our analysis is his deontologization of the concept of causality. According to Hume, the causal relation between facts was purely a subjective phenomenon, dependent on repeated exposure to successive contiguity between events. Moreover, Hume posited that regularity in nature was necessary for such experiences to be reliably repeated: “if objects did not have regular conjunctions between them, we would never have formed the notion of cause.” This foreshadows the modern concept of contingency in associationist theories of learning.

			•Hartley offered an intriguing theory based on the idea that not only ideas and sensations were associated but also motor actions with each other, and these with ideas and sensations. Modern concepts like stimulus chaining and control are rooted in Hartley’s insights.

			•John Stuart Mill proposed that the result of an association did not necessarily have to maintain the properties of its constituent elements. This idea, borrowed from chemistry, has received limited attention in the psychology of learning but might have been the starting point for a reconciliation between associationist psychologists and gestalt psychologists.

			•Thomas Brown introduced the secondary laws of association in addition to the already known laws of contiguity, similarity, and contrast. Among these, the following are noteworthy:

			1.The stronger the association, the longer the coexistence time of the two sensations to be associated. This idea can be connected with temporal-based associative models such as those of Gallistel (1990) and Gibbon and Balsam (1981). Together with laws 3 and 5, it completes the modern concept of contingency.

			2.The strength or vividness of the sensations determines the strength of their association. This concept aligns with classical conditioning models that incorporate parameters related to the salience of conditioned and unconditioned stimuli (e.g., Rescorla and Wagner, 1972; Pearce and Hall, 1980; Mackintosh, 1975).

			3.The strength of an association depends on the frequency with which its elements have been presented together. This “law” coincides with the empirical observation that associative learning progresses as a function of the number of trials.

			4.The strength of an association depends on how recent it is. In this aspect, Brown appears to anticipate a theory of memory based on trace decay.

			5.The strength of an association depends on its elements not being part of other associations. Brown’s ideas seem to foreshadow the current concept of associative competence in Pavlovian models developed in the 1970s (e.g., Rescorla and Wagner, 1972; Mackintosh, 1975).

			6.The state of an association depends on the subject’s prior habits or experiences. Phenomena such as blocking (Kamin, 1968), latent inhibition (Lubow and Moore, 1959), EI pre-exposure (Abramson and Bitterman, 1986), and learned irrelevance (Mackintosh, 1973) seem to experimentally confirm this early intuition.

			It is noteworthy that the concept of learning by association was contemplated for over 2,000 years as a theoretical speculation before it underwent experimental investigation with the publication of Hermann Ebbinghaus’ work in 1885.

			In summary, as per Caparrós (1978), associationism had three main objectives: 1) discovering the laws of association, 2) explaining mental states based on these principles, and 3) breaking down the most complex elements into their simplest components. Nevertheless, from our current perspective, these objectives are far from identical.

			The first two decades of the 20th century, when the psychology of learning emerged as a scientific discipline, presented an unfinished challenge. It was this young discipline that took up the gauntlet, designing experimental procedures through the pioneering work of Ivan Pavlov.

			1.2.1.4 The Theory of Evolution

			According to Rachlin (1976), there are two main contributions of the theory of evolution to psychology: the principle of biological continuity and the principle of feedback. With the first principle, the principle of biological continuity, the study of the minds and behaviors of organisms gains specific psychological significance. Consequently, these objects of study are considered highly valuable for explaining and interpreting human minds and behaviors. The principle of feedback introduces a new causal model to psychology, an alternative to the mechanical model of reflex.

			Let’s now examine the historical development of both principles (see Gómez, García, Pérez, Bohórquez, and Gutiérrez, 2002).

			The idea that all living organisms originate from the same primitive cell was already present, in one form or another, in Aristotle’s conception of nature as a vital chain of species. Aristotle not only expressed this idea but also made keen observations on the subject in his zoological and botanical works.

			However, Aristotle’s conception of evolution contains two essential errors found in pre-Darwinian evolutionary theories: a linear view and a teleological explanation. In the linear view, the tree of phylogeny is imagined as a cypress or, even more accurately, a mast, with species hierarchically ordered from the simplest to the most complex. This idea was shared by the classification systems of nature before Darwin, whether they started from a fixist position (e.g., Linnaeus) or a transformist one (e.g., Buffon).

			In contrast, Darwin presented an evolutionary process that was more branched than linear, where supposedly inferior species did not necessarily have to be the phylogenetic ancestors of superior ones (as is the case with primates and humans). Interestingly, what is considered a clear error in the evolution of physical characteristics remains deeply ingrained in the context of learning or intelligence. For instance, Banks and Flora (1977) conducted a survey among university students, asking them to rate the intelligence of various animals. The results showed that apes were considered the most intelligent (9.2 out of 10), followed by dogs, cats, horses, sheep, chickens, and fish. However, as Mackintosh (1990) rightly points out, this error seems to persist even among experts; the idea of a single intellectual scale is deeply rooted in Anglosaxon comparative psychology.

			The linear approach to phylogeny often falls into the second error mentioned earlier: the teleological or finalistic view of evolution. The modern teleological view of evolution can be traced back to Jean Lamarck, who, in his Zoological Philosophy published in 1809, proposed an evolution theory based on the law of use and disuse. This law, summarized in the saying “function makes the organ,” suggested that anatomical and physiological changes could occur as a result of the use or disuse of certain organs. For example, the long neck of giraffes might be attributed to their continuous stretching to reach food in the treetops. In a psychological context, a similar Lamarckian idea can be found in the law of exercise or learning by repetition, advocated by proponents of contiguity and learning as a continuous process, such as Watson (Benjumea, 1990). Lamarck’s evolutionary view also required a mechanism for transferring individual improvements to the species: the inheritance of acquired characteristics. Similarly, in learning theories, a Lamarckian counterpart exists in concepts of reinforcement based on imprinting, fixation, or strengthening of adaptive behavior, rather than the elimination of inappropriate behavior.

			In his famous work, “The Origin of Species,” Darwin challenged the teleological explanation of evolution with a new type of causality: natural selection. This new logic was based on three fundamental principles:

			a.The existence of variations among individuals within a species.

			b.A mechanism for the genetic transmission of traits from parents to offspring.

			c.A selective mechanism leading to the elimination of individuals lacking certain adaptive traits (due to their higher likelihood of dying and lower chances of reproducing).

			As evident, none of these three principles allows us to predict in advance the characteristics a particular species will develop in a given ecological niche. These characteristics result from a process rather than being predetermined endpoints. Darwin introduced a new type of causal explanation, which we can broadly label as feedback. The truly ingenious and novel aspect of Darwin’s explanation is its “anti-Aristotelian” nature: effects precede causes, or in other words, selected variants already exist before their selection. In more general terms, the structural characteristics of a subsystem (species) are not predetermined by a preconceived plan to fulfill specific needs of that subsystem (adaptation) but rather emerge as a result of the subsystem’s functioning within the larger system to which it belongs (ecological niche).

			Although Darwin never explicitly applied his causal system to the behavior of individuals as a feedback subsystem, he did so occasionally when discussing the instinctive habits of certain species. He wrote, “under changing conditions, it is at least possible that small modifications of an instinct may be beneficial to the species” (Darwin, 1859). However, the idea that individual behavior could be the result of a selective process had already been developed even before Darwin published “The Origin of Species.” Two associationist psychologists, Alexander Bain and Herbert Spencer, represented the culmination of philosophical associationism intersecting with evolutionary ideas, serving as a clear precursor to behaviorism (Caparrós, 1978). Their famous principle became the first formulation of what would later be known as the Law of Effect by Thorndike (1911). This principle suggested that organisms’ actions were selected based on their association with pleasure and pain.

			Finally, the evolutionary tradition made an explicit impact on the psychology of learning through the Chicago functionalist school, where Small “introduced the rat in the maze for psychology” (Rachlin, 1976). It was within this context that Thorndike developed the foundations for the study of instrumental conditioning.

			To summarize our analysis so far, we can draw the following conclusions:

			•The psychology of learning is shaped by the heritage of three schools of thought: evolutionism, associationism, and the mechanistic causality model (reflex).

			•Evolutionism serves as both the starting point for the psychology of learning and the ultimate justification for the heuristic interest in studying animal behavior.

			•Evolutionism, with its causal model based on the concept of feedback, aligns with the reflex model and associationism, initiating the tradition of operant conditioning.

			•The deepening of the evolutionary causal model progressively displaces the reflex model and associationist elementarism, giving rise to Skinner’s operant psychology, which effectively colonizes the experimental tradition of operant conditioning.

			1.3 Conceptual and Technical Evolution of the Psychology of Learning Laboratories

			1.3.1 Historical Background of the Study of Complex Behavior

			Both unconditionally elicited behavior and behavior resulting from classical conditioning (topics typically covered in Fundamentals of Psychology of Learning) fundamentally pertain to the analysis of how stimuli trigger responses. However, various situations arise where an individual’s actions directly lead to specific outcomes. It is observed that such behavior develops due to the consequences it produces. In other words, the consequences of an action can determine whether that action will be repeated in the future.

			Responses primarily driven by the consequences they produce are referred to as operant behavior. The process responsible for these behaviors is termed operant conditioning (OC). In this context, operant behavior is emitted rather than elicited, and it forms the primary focus of our study in complex learning.

			Readers will note that in this book, we prefer to use the term “Operant Response” instead of “Instrumental Response.” The term “Instrumental” carries an extra teleological-cognitive meaning, interpreting behavior as a means to achieve a goal. It is often associated with authors adopting a more cognitive approach, who typically employ a methodology known as discrete trials (where a goal is involved). Conversely, the term “Operant” emphasizes the organism’s action on the environment and is linked with the behavioral approach and the free operant methodology, characteristic of Skinner’s box. Thus, “Instrumental response” represents an aprioristic definition, whereas “Operant-class” represents a later functional definition.

			This type of behavior was recognized by notable thinkers such as Aristotle (Sensitive Appetite) and Hobbes (Association between actions and consequences). However, it wasn’t until Thorndike’s appearance that the first experimental studies of operant behavior commenced.

			1.3.2 IC or OC discrete tryals techniques

			Theoretical and laboratory analyses of OC began with Thorndike’s work. He explored animal intelligence by devising a series of problem boxes or trick boxes. He placed a hungry cat inside the problem box and positioned food within plain view outside the box. The cat’s task was to learn how to escape from the problem box to access the food, and the time it took the cat to achieve this was measured.

			Some contemporary techniques in instrumental studies resemble Thorndike’s procedures in that they involve Discrete Trials. Subjects are repeatedly placed in an apparatus and can perform the instrumental response only once during each placement. Consequently, three defining characteristics of discrete trial research emerge:

			•Trial: Experimental time (not all trials have the same duration, as they depend on the animal’s behavior).

			•Inter-trial interval: Non-experimental time (the time between one trial and another).

			•Experimental manipulations: Intervene in the animal’s behavior.

			Within the tradition of discrete trials, various techniques have been employed, one of them being the Box-trucking technique discussed earlier. Another widely
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