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Endorsements

i“Newly updated for the 11th edition, An Introduction to Theories of Learning stands out as a unique and essential resource for all those who seek to understand more about the nature of learning. Here, the reader can examine the contributions of such historic figures as Darwin, Pavlov, Thorndike, Skinner, Hebb, Tolman and others to what is known about this vital characteristic of nervous systems. Importantly, the text draws from such areas as neuroscience, psychology, and the development of artificial intelligence to feature compelling contemporary research throughout—research that both points out and clarifies for the reader the relevance of theories of learning in the pursuit of understanding ourselves. In this new edition, the authors work to well prepare the reader to appreciate advances that are yet to be realized: that theories of learning continue to develop and differentiate, to inspire and drive critical research today. And will do so tomorrow.


Clearly written and engaging, An Introduction to Theories of Learning is also wellstructured for adoption in psychology, neuroscience, and education curricula with chapter outlines, summaries and thought questions.”


Eric Wiertelak, Ph.D., Emeritus Professor, Macalester College, Minnesota, USA.

“This book is a tour de force in theories of learning and a must-read for anyone interested in this topic. It makes for a superb textbook for either undergraduate or graduate courses, as the links made between all the major theories and the new discoveries in psychology and neuroscience bring to life many of the hypothetical constructs that otherwise lie dormant in most textbooks on this subject. The authors deftly weave a narrative that integrates the subtleties in the major theories of learning with recent neuroscientific developments which ground them in a highly lucid manner that is thoughtful, thoroughly refreshing, and enjoyable!”


Gary Dunbar, Ph.D., John G. Kulhavi Endowed Professor and E. Malcolm Field Endowed Chair of Neuroscience, Central Michigan University, USA.

“In the 11th edition of An Introduction to Theories of Learning Ramirez and Olson build on five decades of success to deliver an engaging and accessible overview of the key ideas that have shaped the science of learning. The book takes readers on a comprehensive journey beginning with ancient Greek philosophers and culminating in the latest research in neuroscience and artificial intelligence. Readers are encouraged to think deeply and critically, guided by critiques and comparisons of the major theories and discussion questions at the end of each chapter. This edition will be valuable to students and educators from a range of disciplines, including psychology, education, human development, and neuroscience.”


Keith A. Trujillo, Ph.D., Emeritus Professor, California State University San Marcos, USA.
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An Introduction to Theories of Learning

Now celebrating its 50th anniversary, An Introduction to Theories of Learning has provided a uniquely sweeping review of the major learning theories from the 20th century that profoundly influenced the field of psychology. The four main goals of this text are to define learning, to show how the learning process is studied, to place learning theory in a historical perspective, and to present essential features of the major theories of learning with implications for educational practices.
In this new edition, the authors have retained the best features of earlier additions while expanding and enhancing its application to modern scholarship. Key features of the eleventh edition include:

	Enhanced neuroscience integration, including discussions on cortical waves, mirror neurons, memory consolidation, and brain-based evidence supporting classic learning theories.
 	The incorporation of new findings on species-specific behaviors and habituation, including insightful problem-solving in birds and the neurobiological basis of insight in humans.
 	New sections on artificial intelligence applications in education, improved study techniques based on large-scale research, and the implementation of learning principles in public health.
 	Enhanced pedagogy to increase engagement, including interactive online self-testing questions.


Bringing together contributions from throughout history through to the modern day, this is an essential resource for applied cognitive psychology courses and all those interested in the processes that underlie learning in human beings and animals.

Dr. Julio J. Ramirez earned his B.S. in Psychology from Fairfield University (1977) and his Ph.D. from Clark University (1983) and completed postdoctoral work at MIT iv(1985-1986). He is now R. Stuart Dickson Professor and Director of Neuroscience at Davidson College and received the 2009 Presidential Award for Excellence in Science, Mathematics, and Engineering Mentoring from President Barack Obama. A Fellow of AAAS, APA, and APS, Dr. Ramirez was the founding president of the Faculty for Undergraduate Neuroscience and served as councilor and treasurer of the Society for Neuroscience (2015-2023).

Dr. Matthew H. Olson (B.A., University of California, Davis, 1973; Ph.D., Michigan, 1977) accepted a one-year, temporary appointment at Hamline University in 1977. He chaired the department for 25 consecutive years, helped to design and launch the Neuroscience program, and told bad jokes to undergraduates for 41 years. He and artist Marcia Söderman live in Santa Fe, New Mexico.
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Preface

As in previous editions, the four main goals of this textbook are to define learning and to show how the learning process is studied (Chapters 1 and 2), to place learning theory in a historical perspective (Chapter 3), and to present essential features of the major theories of learning with implications for educational practices (Chapters 4 through 16).

Since the first edition of An Introduction to Theories of Learning, the authors have provided a uniquely sweeping review of the major learning theories from the 20th century that profoundly influenced the field of psychology. These theories have guided or influenced research in arenas of inquiry as diverse as artificial intelligence, clinical psychology, cognitive psychology, educational psychology, human development, and neuroscience. With the 11th edition, the authors have presented further experimental evidence testing many of the fundamental ideas presented in these classic theories as well as explored many of the advances in psychology and neuroscience that have yielded greater insight into the processes that underlie learning in human beings and animals. Thus, the authors have attempted to retain the best features of earlier editions while making revisions that reflect current research and scholarship.




xii
New to This Edition

The following is a list of changes that were made for the new edition:

	Innovative contributions to psychology and neuroscience from a wide range of current researchers reflecting the breadth of the field and the vitality of current explorations of learning.
 	Chapter 1: Additional discussion of species-specific behavior and habituation.
 	Chapter 2: Discussion of hypotheses and their importance in testing a theory, as well as an introduction of models and artificial intelligence in scientific pursuits.
 	Chapter 4: New examination of Washburn’s critique of the anecdotal method. Addition of information on the role of reinforcement in learning and the neurobiology underlying Thorndike’s transfer of training.
 	Chapter 5: Examination of the matching law and new insights for improving study techniques, based on large-scale investigations of approaches to studying.
 	Chapter 6: Deeper assessment of the Crespi effect and its impact on performance, as well as an examination of whether drive, financial well-being, and happiness may be related.
 	Chapter 7: Explorations of Pavlov’s notion of excitatory and inhibitory waves in the cortex and modern discoveries demonstrating the existence of traveling waves in the cortex.
 	Chapter 8: Discussion of the possibility of one-trial learning in verbal behavior and brain studies demonstrating one-trial learning in humans.
 	Chapter 9: Exploration of a neurobiological examination of Estes’s model based on recent discoveries of neurogenesis.
 	Chapter 10: New information on insightful problem-solving in ravens and songbirds as well as the neurobiological basis of insight in humans.
 	Chapter 11: Discussion of Piaget’s contributions to psychology.
 	Chapter 12: Addition of classic experiments exploring expectancy learning as well as Tolman’s contributions to the development of artificial intelligence.
 	Chapter 13: Discussion of possible observational learning in corvids and orcas. Additional evidence demonstrating the importance of mirror neurons in humans for understanding the intentions of others.
 	Chapter 14: New information on the neurobiology of long-term memories. New sections on the role of sleep in memory consolidation and on artificial intelligence and its applications in education.
 	Chapter 15: Addition of evidence demonstrating the neural underpinnings of conditioned taste aversion as well as new discoveries in Nicaraguan Sign Language.
 	Chapter 16: Expanded discussion of the use of brain-based strategies in education and the importance of applying learning principles in areas such as public health.
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Chapter 1 What is Learning?
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Learning is one of the most important topics in contemporary psychology, yet it is an extremely difficult concept to define. Common, popular definitions of learning suggest that it is “comprehension,” “knowledge,” or “understanding” gained through practice or experience. Most psychologists, however, would find this definition unacceptable because of nebulous terms, such as knowledge, comprehension, and mastery, that it contains. Instead, we prefer a definition of learning that refers to changes in observable behavior. One of the most popular of these definitions is the one suggested by Gregory A. Kimble (1917–2006), which defines learning as a relatively permanent change in behavioral potentiality that occurs as a result of reinforced practice (Kimble, 1961, p. 6). Although popular, this definition is far from universally accepted. Before reviewing sources of disagreement over Kimble’s definition, let’s look at it more carefully.

First, learning is indexed by a change in behavior; in other words, the results of learning must always be translated into measurable behavior. After learning, learners do something that they did not do before learning took place. Note that the behavior can be overt (correcting a golf swing or pronunciation of a Spanish word) or covert (increased blood pressure or heart rate). Second, this behavioral change is relatively permanent; that is, it is neither transitory nor fixed. Third, the change in behavior need not occur immediately following the learning experience. Although there may be a potential to act differently, this potential to act may not be translated into behavior until a later time. Fourth, the change in behavior (or behavior potentiality) results from experience or practice. Fifth, the experience, or practice, must be reinforced; that is, only those responses that lead to reinforcement will be learned.

4Although the terms reward and reinforcement are often used synonymously, there are at least two reasons why they should not be. In Pavlov’s work, for example, a reinforcer is defined as any unconditioned stimulus, that is, any stimulus that elicits a natural and automatic reaction from an organism. In Pavlovian research, it is not uncommon for stimuli such as a mild acid solution or electric shock to be used as unconditioned stimuli. It is accurate to call such stimuli reinforcers, but they can hardly be considered rewards, if rewards are thought of as desirable. Skinnerians also oppose equating the terms reinforcer and reward. For them, a reinforcer strengthens any behavior that immediately precedes its occurrence. In contrast, a reward is usually thought of as something that is given or received for a worthy accomplishment or for an act deemed desirable by society. Furthermore, because such desirable behavior typically occurs long before it is acknowledged by reward, reward cannot be said to strengthen it. For the Skinnerians, then, reinforcers strengthen behavior, but rewards do not. Skinner (1986) elaborated on these points:


The strengthening effect [of reinforcement] is missed . . . when reinforcers are called rewards. People are rewarded, but behavior is reinforced. If, as you walk along the street, you look down and find some money, and if money is reinforcing, you will tend to look down again for some time, but we should not say that you were rewarded for looking down. As the history of the word shows, reward implies compensation, something that offsets a sacrifice or loss, if only the expenditure of effort. We give heroes medals, students degrees, and famous people prizes, but those rewards are not directly contingent on what they have done, and it is generally felt that rewards would not be deserved if they had not been worked for. (p. 569)



In this text we acknowledge these concerns and do not equate the terms reward and reinforcement. Except where the term reward is appropriate as it is defined in Skinner’s remarks in the preceding quotation, the terms reinforcer or reinforcement are used exclusively.

Kimble’s (1961) definition of learning provides a convenient frame of reference for discussing a number of important issues that must be confronted when attempting to define learning. We review these issues in the following sections of this chapter.


Must Learning Result in a Behavioral Change?

As we see in Chapter 3, psychology has become a behavioral science for good reason. A science requires an observable, measurable subject matter, and, in the science of psychology, that subject matter is behavior. Thus, whatever we study in psychology must be expressed through overt or covert behavior, but this does not mean that the behavior we are studying is learning. We study behavior so that we can make inferences concerning the process believed to be the cause of the behavioral changes we observe. In this case, that process is learning. Most learning theorists discussed in this book agree that the learning process cannot be studied directly; instead, its nature can only be inferred from changes in behavior. B. F. Skinner took exception to this contention. For Skinner, behavioral changes are learning, and no further process needs to be inferred. Other theorists say 5that behavioral changes result from learning. We have more to say about Skinner’s antitheoretical point of view in Chapter 5.

Except for the Skinnerians, then, most learning theorists look on learning as a process that mediates behavior. For them, learning is something that occurs as the result of certain experiences and precedes changes in behavior. In such a definition, learning is given the status of an intervening variable. An intervening variable is a theoretical process that is assumed to take place between the observed stimuli and responses. Independent variables cause a change in the intervening variable (learning), which in turn causes a change in the dependent variable (behavior). The situation can be diagrammed as shown in the flow chart.

[image: Two flowcharts are placed one above the other. The top flowchart has three boxes connected by arrows. The first box is labelled Independent Variables, the arrow points to the second box labelled Intervening Variable, and another arrow points to the third box labelled Dependent Variables. The bottom flowchart repeats the same structure. The first box is labelled Experience, the arrow points to the second box labelled Learning, and another arrow points to the third box labelled Behavioral Changes.]

How Permanent is Relatively Permanent?

Here, we run into at least two problems. First, how long must a behavior change last before we say that learning has occurred? This aspect was originally inserted into the definition to differentiate between learning and other events that may modify behavior, such as fatigue, illness, maturation, or intoxication. Clearly, these events and their effects may come and go rapidly, whereas learning lingers until forgetting takes place over time or until new learning displaces old learning. Thus, temporary states as well as learning modify behavior, but, with learning, the modification is relatively more permanent. However, the duration of the modification that results from either learning or temporary body states cannot be specified exactly.

A related problem is more serious. A number of psychologists have studied a phenomenon called short-term memory (see Chapter 14). They have found that, when unfamiliar material, such as a nonsense syllable, is presented to human research participants who are prevented from rehearsing it, the material is retained almost perfectly for about three seconds. In the following fifteen seconds, however, retention drops to almost zero (Murdock, 1961; Peterson & Peterson, 1959). Despite the fact that the information is lost over such a short period of time, we would hesitate to say that no learning occurred.

Accepting the qualification of “relatively permanent” in a definition of learning will also determine whether the processes of sensitization and habituation (see Chapter 14) are accepted as crude examples of learning. Sensitization is the process whereby an organism is made more responsive to certain aspects of its environment. For example, individuals who used to ignore the buzz of a bee may become alert to it after a sting. The sting, therefore, sensitized these persons, making them responsive to an event that used to be ignored. Feeling “touchy” or hypersensitive following an upsetting experience is a form of sensitization with which we are all familiar.

6Habituation is the process whereby an organism becomes less responsive to its environment. For example, there is a tendency for an organism to attend to novel stimuli in its environment. This tendency is referred to as the orienting reflex and it is exemplified when a dog turns in the direction of a sound that suddenly occurs. After initially attending to the sound, however, the dog will eventually ignore it (assuming that it poses no threat) and go about its business. We say, in this case, that the dog’s response to the sound has habituated. As Sharot and Sunstein (2024) point out, habituation is commonly experienced in people as the luster of a new mobile phone begins to fade after a few weeks of daily use or as the exhilaration of a tropical vacation begins to decline after just a couple of days!



Learning and Performance

As previously mentioned, what is learned may not be utilized immediately. Athletes, for example, may learn a new strategy by watching films and listening to lectures, but they may not translate that learning into behavior until game time. In fact, some players may be prevented from actually performing for a prolonged period of time because of an injury or an illness. We say, therefore, that the potential to act differently resulted from learning, even though behavior was not immediately affected.

This type of observation has led to the very important distinction between learning and performance, which is considered in detail in Chapters 6, 12, 13, and 14. Learning refers to a change in behavior potentiality, and performance refers to the translation of this potentiality into behavior.



Why Do We Refer to Practice or experience?

Obviously, not all behavior is learned. Much simple behavior is reflexive. A reflex can be defined as an unlearned or innate response in reaction to a specific class of stimuli. Sneezing in response to a tickle in your nose, exhibiting a knee jerk when your doctor taps you with that little hammer, and instantly withdrawing your hand when it touches a hot stove are examples of reflexive behavior. Clearly, reflexive behavior is unlearned; it is a genetically determined characteristic of the organism rather than a result of experience.

Some complex behaviors can also be innate. When complex behavior patterns are genetically determined, they are generally referred to as examples of instinct. Instinctive behavior includes such activities as nest building, migration, hibernation, and mating behavior. Psychologists once explained complex behavior patterns by referring to them as instincts. We said birds and fish migrate because they possess a migration instinct, and birds build nests because of a nest-building instinct. We now tend to use the term species-specific behavior (Hinde & Tinbergen, 1958; Huskisson, 2019) because it is more descriptive. Species-specific behavior refers to complex, unlearned, relatively unmodifiable, and inflexible behavior patterns engaged in by a certain species of animal under certain circumstances. Research efforts to explore species-specific behavior and its underlying neurobiology are ongoing and may provide 7avenues for improving the care of animals in captivity as the spectrum of behavioral flexibility to inflexibility is better understood (Hayase et al., 2021; Katz & Harris-Warrick, 1999; Kelly, Freeman, & Rose, 2025).

Controversy continues, however, over whether species-specific behavior is completely determined by the makeup of the organism or whether some learning is involved. Do birds fly instinctively, or do they learn to fly? Some say that the young bird learns to fly through trial and error while falling to the ground from a tree. Others say that the birds respond reflexively to falling by flapping their wings and, therefore, fly without learning to do so.

A few examples, however, seem to demonstrate complex behavior that is clearly not influenced by learning. For example, cuckoo birds lay their eggs in other birds’ nests, and the young cuckoo’s foster parents raise it. Because each adult cuckoo behaves in this way regardless of the foster parents’ species, it is very difficult to imagine how such behavior could be learned.

Another example of what appears to be unlearned behavior is the nut-burying behavior of squirrels. Even when an infant squirrel is raised in isolation from other squirrels and sees a nut for the first time, it attempts to bury it. This nut-burying pattern of behavior occurs even if the nut is presented to the squirrel on a bare wooden floor. The squirrel makes scratching motions on the floor as if to dig a hole, tamps the nut with its nose in an apparent effort to push the nut into the floor, and then makes covering movements with its paws (Brown, 1965).

[image: A black-and-white photograph is represented. It shows a person crouching close to a duckling. The person leans forward and looks at the duckling, while the duckling looks back. The person wears a sweater and socks, with binoculars hanging around their neck. More ducklings are seen in the background, along with trees and a parked vehicle.]Konrad Lorenz and a group of ducklings that have imprinted on him. Source: Thomas D. McAvoy/Time & Life Pictures/Getty Images.

Other research supports the contention that some species-specific behavior is both learned and innate (Hess, 1958; Lorenz, 1952, 1965, 1970; Thorpe, 1963). Lorenz found, for example, that a newly hatched duckling forms an attachment to any kind of moving object and follows it as its mother, provided the object is presented at just the right moment in the duckling’s life. Lorenz demonstrated attachments between ducklings and a wooden box on wheels, a human being, and a bird of a different species. The formation of an attachment between an organism and an environmental object is called imprinting. Imprinting was found to occur only during a critical period, after which it was difficult, if not impossible, to imprint the duckling on anything. With imprinting, we have a combination of learned and instinctive behavior. It appears that the animal’s genetic endowment causes it to be maximally sensitive to a moving object for a short period of time, 8during which it can learn the strong habit of following that object. If learning does not occur during that interval, however, it may never occur. Furthermore, the strong habit of following an object does not seem to be built up over time with practice. Rather, the habit seems to be learned at full strength in a single trial. We have more to say about one-trial learning in Chapters 8 and 9.

Studies about imprinting raise a number of questions. The kind of learning, if any, involved in species-specific behavior and to what extent it is involved must be determined by future research. The main point to emphasize, however, is that to attribute a behavioral change to learning, the change must be relatively permanent and must result from experience. If an organism engages in a complex behavior pattern independent of experience, that behavior cannot be referred to as learned behavior.



Does Learning Result from a Specific Kind of Experience?

According to Kimble’s (1961) definition, learning results from reinforced practice. In other words, only reinforced behavior will be learned. On this point, there is widespread disagreement among learning theorists. Theorists disagree not only over what constitutes reinforcement but also over whether it is even necessary for learning to take place. In a sense, this book is an attempt to review various interpretations of the nature and importance of reinforcement. This is a subject, therefore, to which we return often.

[image: A portrait of an older person wearing glasses, a suit, a collared shirt, and a tie. His hair is curly, and he has a beard that is fuller at the chin. The person is facing the camera. The background is plain.]Gregory A. Kimble. Source: Duke University Archives.



A Modified Definition of Learning

We can now revise Kimble’s (1961) definition of learning to make it neutral on the matter of reinforcement, thereby making it more widely accepted: Learning is a relatively permanent change in behavior or in behavioral potentiality that results from experience and cannot be attributed to temporary body states such as those induced by illness, fatigue, or drugs.

Such a definition still stresses the importance of experience but leaves it to the theorist to specify the kinds of experience the theorist feels is necessary for learning to take place. These might include, for example, reinforced practice, contiguity between a stimulus and a response, or the acquisition of information. It also reminds us that experience results in processes other than learning, fatigue for example, that modify behavior.




9
Are There Different Kinds of Learning?

Learning, as we have seen, is a general term that is used to describe changes in behavior potentiality resulting from experience. Conditioning, however, is a more specific term used to describe actual procedures that modify behavior. Because there are two kinds of conditioning, instrumental and classical, many theorists conclude that there are at least two kinds of learning or that learning ultimately can be understood in terms of classical and instrumental conditioning. Although both conditioning procedures are discussed in detail later on in this book, we summarize both procedures here briefly.


Classical Conditioning

We look at classical conditioning in detail when we discuss Pavlov’s views on learning in Chapter 7, but for now we can summarize classical conditioning as follows:

	A stimulus, such as food, is presented to an organism and will cause a natural and automatic reaction, such as salivating. The stimulus causing this natural reaction is called the unconditioned stimulus (US). In this case, the food is the US. The natural, automatic reaction to the US is called the unconditioned response (UR). In this case, salivation is the UR.
 	A neutral stimulus (one that does not cause a UR), such as a tone or light, is presented to the organism just prior to the presentation of the US. This neutral stimulus is called the conditioned stimulus (CS).
 	After the CS and US are paired a number of times, with the CS always preceding the US, the CS alone can be presented, and the organism will salivate. This salivating response, similar to the organism’s response to the US, now occurs in response to the CS, the tone or the light. We now say that a conditioned response (CR) has been demonstrated. In classical conditioning, the US is called reinforcement because the entire conditioning procedure depends on it. Note, however, that, in classical conditioning, the organism has no control over reinforcement: It occurs when the experimenter wants it to occur. In other words, in classical conditioning, reinforcement is not contingent on any response made by the organism.




Instrumental Conditioning

The relationship between reinforcement and the organism’s behavior is distinctively different in instrumental conditioning. With instrumental conditioning, the organism must act in a certain way before it is reinforced; that is, reinforcement is contingent on the organism’s behavior. If the animal does not emit the desired behavior, it is not reinforced. Thus, in instrumental conditioning, the animal’s behavior is “instrumental” in getting it something it wants, that is, a reinforcer. We will do deeper explorations of instrumental conditioning approaches in particular later in the book when we discuss Thorndike (Chapter 4), Skinner (Chapter 5), Hull (Chapter 6), and Tolman (Chapter 12).

10A small experimental test chamber called the Skinner box is often used to demonstrate instrumental conditioning (or a closely allied form of conditioning called operant conditioning). Such a box is a Plexiglas cage with a metal-grid floor and a lever that, when pressed, activates a feeder mechanism that delivers food pellets to the animal inside. The experimenter introduces a hungry rat (for example) into the Skinner box. As the rat explores the enclosure, it will eventually activate the lever and receive a pellet of food. Soon, the rat will associate lever pressing with the appearance of food, and its rate of lever pressing will increase. In this case, the rat must engage in lever pressing in order to get food. The lever pressing is the conditioned behavior; the food is the reinforcement.

Escape and avoidance conditioning are special kinds of instrumental conditioning. In escape conditioning, a rat is placed in the Skinner box, and the grid floor is electrified. The animal must perform some response, such as jumping a small hurdle or climbing onto a small platform, to terminate the shock. The rat will associate the response with the termination of the shock. In this case, the escape response is the conditioned behavior, and the termination of shock is the reinforcement.

To demonstrate avoidance conditioning, let the Skinner box floor be electrified at intervals, with a signal, such as a light, that precedes the onset of shock by, say, five seconds. The rat will soon learn to associate the light with the onset of shock and it will perform its response in order to avoid the shock whenever it sees the light go on.

Learning theorists have become increasingly aware that confining themselves to research involved with just classical and instrumental conditioning leaves out vast areas of human experience. For example, Gagne (1970) feels it is more realistic to assume that there are eight kinds of learning. Gagne believes that the eight kinds of learning are arranged in a hierarchy, with one sort being a prerequisite for the next. Thus, for Gagne, simple conditioning provides the basis for the more advanced kinds of learning. As we see in Chapter 12, Tolman took a similar position much earlier. Although many theorists believe that complex behavior ultimately can be understood in terms of classical or instrumental conditioning, other influential theorists oppose that contention.




Learning and Survival

Throughout our long evolutionary past, our bodies have developed the capacity to respond automatically to certain needs. For example, we breathe automatically, and, if our body temperature becomes too high or too low, mechanisms are triggered that cause sweating, which cools the body, or shivering, which raises body temperature. Likewise, if blood sugar is too low, the liver secretes sugar into the blood until the concentration of blood sugar is restored to a normal level. These automatic adjustment processes are called homeostatic mechanisms because their function is to maintain a physiological equilibrium, or homeostasis. In addition to the homeostatic mechanisms, we are also born with reflexes that facilitate survival. For example, most living organisms retreat reflexively from a painful stimulus.

11Although both homeostatic mechanisms and reflexes are clearly conducive to survival, we would not survive long if we had to depend on them exclusively to meet our needs. For a species to survive, it must satisfy its needs for such things as food, water, and sex and, to do so, it must interact with the environment. No organism would survive long if it did not learn which environmental objects could be used to satisfy its basic needs. Nor could an organism survive long if it could not learn which environmental objects were safe and which were dangerous. It is also the learning process that allows an organism to adjust to a changing environment. Sources of satisfaction and of danger often change; therefore, if an organism’s adjustments to the environment were not dynamic, it could not survive. The learning process provides an organism with the flexibility it needs to survive under a wide variety of environmental conditions.

In general, it is through classical conditioning that we learn which environmental objects are conducive to survival and which are not, and it is through instrumental or operant conditioning that we learn how to acquire or avoid desirable and undesirable objects. The adaptive value of classical conditioning is further demonstrated by the fact that it typically takes multiple pairings between a CS and a US before classical conditioning is established.

Our environment is filled with stimuli, but few of them are consistently predictive of painful or of pleasurable events, and, as we will see, classical conditioning depends on a meaningful relationship between CS and US. Although there are exceptions, as we discuss in Chapter 15, it usually takes many pairings of CS–US before a CS reliably elicits a CR. Consider what might happen if learning occurred after only one CS–US pairing. The blaring of an automobile horn just as we bump our head or a flashing of lightning when we bite into a tasty sandwich would result in a learned aversive response to every automobile horn and copious salivation during thunderstorms. Learning would consist of random and useless reflexive responses.

Learning, then, should be looked on as a major tool in adapting to one’s environment that supplements innate homeostatic mechanisms, reflexes, and, at least in the case of nonhuman animals, unlearned adaptive behavior.



Why Study Learning?

Because most human behavior is learned, investigating the principles of learning will help us understand why we behave as we do. An awareness of the learning process will allow greater understanding not only of normal and adaptive behavior but also of the circumstances that produce maladaptive and abnormal behavior. More effective psychotherapy might result from such an understanding.

Child-rearing practices can also utilize the principles of learning. Obviously, individuals differ from one another, and these individual differences may be explained in terms of differing learning experiences. One of the most important human attributes is language, and there is little doubt that specific language development results mainly from learning. No doubt many other human attributes are molded in a similar way by the interaction of 12the environment with the learning process. When parents know more about the learning experiences that create what they would call desirable traits, they may wish to organize the environment of their child so that it encourages these traits. Likewise, learning experiences that tend to produce socially maladaptive behavior can be avoided.

Moreover, there is a close relationship between the principles of learning and educational practices. In many cases, principles that have been uncovered while studying the learning process in the laboratory have been utilized in the classroom. The widespread utilization of programmed learning and computer-assisted instruction offers two examples of how research on learning influences teaching practices. The current trend in American education toward individualized instruction can also be considered a spin-off from research on the learning process. We may reasonably conclude that, as our knowledge of the learning process increases, educational practices should become more efficient and effective.



Chapter Summary

In this chapter, we examined the concept of learning using a wide lens. Beginning the chapter with a definition of learning by Kimble (1961), we considered two key characteristics of learning. First, learning must involve a relatively permanent change in behavioral potentiality. Second, this potentiality is a consequence of reinforced practice. We next explored behavioral change and how it is objectively measured. Learning is considered by many theorists to be an intervening variable that mediates behavior. Because there is significant disagreement among learning theorists as to the importance of reinforced practice, a revised definition was offered that redefines learning as a relatively permanent change in behavior or behavioral potentiality resulting from experience that cannot be attributed to temporary body states, such as fatigue.

Because investigations of learning have revealed two kinds of conditioning procedures, instrumental and classical, many learning theorists claim that these represent at least two kinds of learning, or that learning may be best understood in an instrumental or classical conditioning context. Although there are a number of differences between these two types of conditioning one key distinction is that, in classical conditioning, the organism is presented with the reinforcement (the US) before the behavior is produced, whereas, in instrumental conditioning, the organism must emit the desired behavior before the reinforcer is delivered.

We conclude the chapter with a discussion of learning’s evolutionary significance. Learning is another tool that organisms have as a way of adapting to their surrounding environment, supplementing their reflexes and instincts, thus increasing chances of survival. Because of the centrality of learning to understanding human behavior, studying learning is also crucial to further understand psychotherapy, child-rearing, and educational practices.



13
Discussion Questions

	List the requirements that must be met before a change in behavior can be attributed to learning.
 	Describe the processes of sensitization and habituation as they have occurred in your life.
 	Differentiate between learning and performance.
 	Give a few examples of complex unlearned behavior. Do you feel that complex unlearned behavior exists on the human level? Explain.
 	Why was the term instinct replaced with the term species-specific behavior?
 	Differentiate between the terms learning and conditioning.
 	How many kinds of learning are there? Explain how you arrived at your answer.
 	What is meant by the statement “Imprinting seems to result from both learning and instinct”?
 	Describe the relationship between learning and survival.
 	Give a few reasons why it is important to study the learning process.
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	Chapter Summary



We noted in Chapter 1 that most learning theorists contend that learning can be observed only indirectly through changes in behavior. Therefore, when we study learning, we observe behavior and, based on these observables, we infer that a particular type of learning has or has not occurred. The inaccessibility of learning is one reason why there are so many approaches to its study. Some feel, for example, that the best place to study learning is in the field rather than in the laboratory. This method of studying a phenomenon as it occurs naturally is called naturalistic observation. Using this technique, one would make detailed observations and recordings of what is being studied. Such research often results in a grouping or classification of the various elements of the phenomenon being investigated. For example, while using naturalistic observation to study learning in the classroom, one might classify learning to read or spell as verbal learning, the learning of athletic prowess as perceptual-motor skill learning, and the learning that requires complex mental processes as problem solving or concept formation.

Two major drawbacks of naturalistic observation become apparent. First, because the classroom situation is extremely complex, it is very difficult to observe and record accurately. Second, there is a tendency to classify events into chunks that may be too comprehensive; for example, what is classified as concept formation may in reality consist of many different phenomena whose distinctions get lost in the classifying process. Classifications that seem rather straightforward at first may become extraordinarily complex under closer scrutiny.

16Naturalistic observation can be an important first step for a study of learning, but eventually the psychologist must break up the recorded chunks of behavior for closer and more detailed analysis; that is, the psychologist must become more elementistic in order to discover the various laws operating in the learning situation, and discovering laws usually involves experimentation. In other words, naturalistic observation may be important in isolating groups of events for further study, but these must then be reduced into smaller components for further analysis. Such an approach is called elementism.


The Systematic Study of Learning

In modern times, psychology’s concern with the learning process has become more scientific. We discuss in the next chapter that using the scientific method in the psychology of learning has been very productive. It is important, therefore, that we look at such a productive method in more detail.


What is Science?

Science is a systematic method for posing questions and accumulating knowledge. According to Olson and Hergenhahn (2011),


Science combines two ancient philosophical positions on the origins of knowledge. One of these positions, called rationalism, contends that one gains knowledge by exercising the mind, in other words, by thinking, reasoning, and using logic. According to the rationalist, information must be sorted out by the mind before reasonable conclusions can be drawn. The other philosophical position, called empiricism, contends that sensory experience is the basis of all knowledge. In its extreme form, empiricism states that we know only what we experience. Thus the rationalist emphasizes mental operations whereas the empiricist equates knowledge with experience. Science combined the two positions thereby creating an extremely powerful epistemological tool. (p. 11)





Aspects of Theory

In the realm of science, empiricism and rationalism come together in scientific theory (Olson & Hergenhahn, 2011, p. 11). Scientific theories have two important aspects. First, a theory has a formal aspect, which includes the words and symbols the theory contains. Second, a theory has an empirical aspect, which consists of the physical events that the theory is attempting to explain. Although the relationship between the formal and empirical aspects of a theory is very complex, it should be noted that the formal part of a theory can make sense by itself even though it may make erroneous predictions about the physical world. The statement “All learning depends on drive reduction” makes sense formally but may not accurately explain learning. The point here is that a theory can sound valid, but it is devoid of scientific meaning unless it withstands the rigors of experimental tests. There is always the danger of being overly impressed by the wording of 17a theory and forgetting to check how accurately it predicts and describes empirical events. Most psychologists agree that astrology is a highly developed formal system that has little or no relationship to actual empirical events. In other words, astrology sounds good, but it adds virtually nothing to our understanding of human behavior. Stanovich (2010) says the following about scientific theories:


A theory in science is an interrelated set of concepts that is used to explain a body of data and to make predictions about the results of future experiments. Hypotheses are specific predictions that are derived from theories (which are more general and comprehensive). Currently viable theories are those that have had many of their hypotheses confirmed. The theoretical structures of such theories are, thus, consistent with a large number of observations. However, when a database begins to contradict the hypotheses derived from a theory, scientists begin trying to construct a new theory (or, more often, simply make adjustments in the previous theory) that will provide a better interpretation of the data. Thus, the theories that are under scientific discussion are those that have been verified to some extent and that do not make many predictions that are contradicted by the available data. They are not mere guesses or hunches. (p. 21)



It is important to remember that, no matter how abstract and complex a theory becomes, it must ultimately make contact with observable physical events and it does so through the hypotheses it generates. However, as the French physicist and philosopher Henri Poincaré (1905) once observed, “hypotheses are what we lack the least”; ultimately, hypotheses must be tested in the natural world to determine whether they may in fact shed light on the phenomena scientists are trying to understand. As hypotheses are confirmed, they become the foundational building blocks of the theories that help us understand the phenomena under investigation. All scientific theories, no matter how abstract their formal aspects become, begin and end with statements about observable events. A scientific law can be defined as a consistently observed relationship between two or more classes of events. All sciences seek to discover laws.



From Research to Theory

As a general example of the use of theory in psychology, we can refer to research examining the relationship between food deprivation and rate of learning, with food as the reinforcer. In this case, learning rate will be indexed by the number of trials it takes for an animal to learn to turn left on every trial in a T-maze. After many separate experiments, a researcher finds that, as hours of food deprivation go up (within limits, of course), learning occurs more rapidly. That is, animals deprived of food the longest learn to turn left in a T-maze most rapidly.

These results can be viewed as the demonstration of a law. Here, the observed relationship is between degree of food deprivation and performance on a learning task. The researcher turns next to study water deprivation and again finds that, as hours of water deprivation go up, learning time goes down. Now we have a second law: As hours of water deprivation go up, an animal learns to turn left faster in a T-maze when water is used as a reinforcer.

18Next, the researcher turns to the study of sexual behavior. This time, the opportunity to copulate is used as a reinforcer for the rat to turn left in the T-maze. Again, it is found that increased hours of sexual deprivation result in faster learning.

Although the goal of science is to discover laws (observed relationships between events), it is seldom enough simply to observe and record hundreds or perhaps thousands of empirical relationships. Scientists usually attempt to make sense of the laws they discover; that is, they attempt to group them in some coherent fashion. This grouping has at least two functions: (1) the synthesizing function, which attempts systematically to explain a large number of observations, and (2) the heuristic function, which points the way to further research. At this point, therefore, the researcher may wish to go beyond the data. The researcher may make statements such as “Hungry animals tend to learn faster than food-satiated ones” or “Thirsty animals tend to learn faster than water-satiated ones.” Both statements plunge the researcher into the realm of theory. Although the experiments involved specific situations (e.g., 2, 4, 6, and 8 hours of deprivation), the concept of hunger, which is an abstraction, covers all states of deprivation, even those not involved in the actual research (e.g., 26, 30, 37, and 50 hours of deprivation). Thus, by postulating the unobservable inner state of hunger, the researcher is, at the same time, attempting to tie together some of the observations and predicting the outcome of future research. The same is true when the concepts of thirst and sexual arousal are used.

The researcher can take an additional step and attempt to synthesize the three theoretical terms into still another theoretical term. The researcher can conclude, for example, that deprivation increases drive, and animals with high drive learn faster. Note that, in taking this step, the researcher is using the two functions of a theory: synthesis and prediction.

[image: The relationship between theoretical concepts and empirical events is represented. It shows how Motivation is linked to three specific parts: Hunger, Thirst, and Sexual Arousal. Each of these parts is connected to research evidence. Hunger is linked to Results of Research on Food Deprivation. Thirst is linked to Results of Research on Water Deprivation. Sexual Arousal is linked to Results of Research on Sexual Deprivation.]Figure 2.1 The relationship between theoretical concepts and the empirical events from which they stem. Return to text.⏎

19By stating that “animals with high drive learn faster than animals with low drive,” the researcher is suggesting research on oxygen deprivation, heat deprivation, and pain reduction. The relationship between the concepts of hunger, thirst, sexual arousal, and the empirical events from which they stem is shown in Figure 2.1.

The researcher could take still an additional step and postulate the even more general concept of motivation, including psychological factors (e.g., the need for achievement or for self-actualization) as well as the physiological ones we have been considering.



Theories as Tools

Because a theory is merely a research tool, it cannot be right or wrong; it is either useful or it is not useful. If a theory clarifies the various observations that have been made, and if it generates additional research, the theory is a good one. If it fails in either respect, the researcher is likely to search for a new theory.

If a hypothesis generated by a theory is confirmed, the theory gains strength. If a hypothesis generated by a theory is rejected, the theory is weakened and must either be revised or abandoned. Again, we see how confirmation of a theory depends on empirical observation. Whether a theory is maintained, revised, or abandoned is determined by the outcome of the empirical research generated by the theory. Thus, we see that theories must continually generate the very hypotheses that may prove they are ineffective.



The Principle of Parsimony

We noted earlier that one characteristic of science is that it deals only with statements that are, in principle, empirically verifiable. Another characteristic of science is that it follows the principle of parsimony (sometimes called the principle of economy, Occam’s razor, or Morgan’s canon). This principle states that, when two equally effective theories can explain the same phenomenon, but one explanation is simple and the other is complex, we must use the simpler explanation.



Summary of Characteristics of a Scientific Theory

	A theory synthesizes a number of observations.
 	A good theory is heuristic; that is, it generates new research.
 	A theory must generate hypotheses that can be empirically verified. If such hypotheses are confirmed, the theory gains strength; if not, the theory is weakened and must be revised or abandoned.
 	A theory is a tool and, as such, cannot be right or wrong; it is either useful or it is not useful.
 	Theories are chosen in accordance with the law of parsimony: Of two equally effective theories, the simpler of the two must be chosen.
 	Theories contain abstractions, such as numbers or words, which constitute the formal aspect of a theory.
 	20The formal aspect of a theory must be correlated with observable events, which constitute the empirical aspect of a theory.
 	All theories are attempts to explain empirical events and they must, therefore, start and end with empirical observations.





The Learning Experiment

In the previous section, we considered the course from research to theory; here, we look briefly at the course from theory to research. First, we must delineate a subject matter. This usually takes the form of a general definition of learning or a general description of the phenomenon to be studied. Next, we attempt to specify the conditions necessary for the phenomenon to occur. Last, we must convert our theoretical statements about the learning process into terms of identifiable and repeatable activities or experimental performances. This way of measurably defining a theoretical term is called an operational definition. In other words, an operational definition relates what is being defined (in this case, learning) to the operations used to measure it. For example, a common operational definition of learning rate is trials to criterion, which is the number of times an experimental subject needs to experience the material to be learned before being able to perform at some specified level—for instance, how many times the subject had to see a list of nonsense syllables before the entire list is recited accurately. Once researchers operationally define their theoretical terms, they are ready to experiment.

Every experiment focuses on an aspect of behavior called the dependent variable, which is measured as it changes during the course of the experiment. Experimenters also manipulate or control independent variables to determine how those factors affect the dependent variable. In the previously mentioned experiment, a researcher studied the relationship between the number of hours of food deprivation and rate of learning. Rate of learning was operationally defined as how many trials it took for the animal to learn to consistently make a left turn in a T-maze. Thus, trials to criterion was the dependent variable. Hours of food deprivation was systematically manipulated by the researcher and, therefore, was the independent variable.


Arbitrary Decisions in Setting up a Learning Experiment

Science is often thought of as a cold, highly objective means for arriving at the “truth.” Scientists, however, are often highly emotional and very subjective, and the truth they disclose is dynamic and probabilistic. This characterization can be seen in the number of arbitrary decisions that go into setting up any learning experiment. A number of these arbitrary decisions are summarized next.



What Aspects of Learning Should be Investigated?

Those aspects of learning investigated, of course, are partially dictated by one’s theory concerning learning. One can study learning in the laboratory, or one can observe learning as it occurs in a schoolroom via naturalistic observation. In addition, one can 21study instrumental conditioning, classical conditioning, concept formation, problem solving, verbal learning, or perceptual-motor learning. Although a theory of learning attempts to specify the conditions under which learning takes place, it is up to the experimenter to choose which of those conditions should be investigated.



Idiographic Versus Nomothetic Techniques

Should researchers study the learning process of a single experimental subject under a wide variety of circumstances (idiographic technique), or should they use groups of experimental subjects and study their average performance (nomothetic technique)? Although quite different, both techniques are respectable and both yield useful information about the learning process. As we discuss later, Skinner used the idiographic technique, and Hull used the nomothetic technique.



Humans Versus Nonhuman Animals as Research Participants

If researchers choose to use humans as their experimental participants, they are concerned about how their results generalize from the laboratory to the world outside. If, however, they use nonhuman subjects, such as rats, pigeons, or monkeys, they are also concerned about how the learning process generalizes from one species to another in addition to the first concern.

Why, then, use anything but humans? There are many reasons why researchers use nonhuman subjects instead of humans, despite the difficulties involved:

	Humans are often too sophisticated for certain learning experiments; that is, their previous experience interferes with a clear study of the learning process. The learning history of nonhuman subjects can be controlled with relative ease.
 	Often, learning experiments are long and boring, and it would be difficult to find humans willing to participate in them. Nonhuman subjects do not complain.
 	Some experiments are designed to test the effects of genetics on learning ability. By using nonhuman subjects, the genetic background of subjects can be systematically manipulated.
 	The relationship between certain drugs and learning can be investigated with nonhuman subjects, whereas using humans for such research would be difficult or unethical, if not impossible.
 	Various surgical techniques can be used on nonhuman subjects but not on humans. The surgical removal of certain brain areas and direct brain stimulation by electrodes implanted in the brain are only two examples. Likewise, humans cannot be sacrificed after the experiment to check on such things as neuronal effects of the treatment condition.
 	Last, but not least, humans sometimes miss appointments to participate in experiments, whereas nonhuman subjects almost always show up.




Correlational Techniques Versus Experimental Techniques

Some researchers may use correlational techniques. They may, for example, correlate learning (operationally defined as a score on an achievement test) with intelligence (operationally defined as a score on an IQ test). Because this step involves correlating one response (performance on the achievement test) with another response (performance on the IQ test), the resulting relationship is called an R–R law (response– 22response law). R–R laws are correlational in that they describe how two classes of behavioral events vary together.

Other researchers may want to use experimental techniques. They systematically vary one or more environmental events and note their effects on dependent variables. Because the relationship examined here is between environmental events (stimuli) and responses (changes on the dependent variable), it is said to be an S–R, or stimulus–response, law.

Although one may argue about the relative merits of correlational versus experimental techniques, the point here is that at least these two general approaches are available for doing research. Both approaches yield distinctly different information about learning. Which approach is taken depends on the preference of the individual researcher.



Which Independent Variables Should be Studied?

Once learning is operationally defined, the dependent variable in an experiment is automatically set. If, for example, learning is operationally defined as “trials to criterion,” this is what is measured in the experiment. Next, the researcher must ask, “What variable or variables are likely to have an effect on the behavior being measured?” The answer to that question may come from a long list of possible independent variables. A sample list follows:


Sex differences

Age differences

Size of the stimulus materials used

Rate of presentation

Meaningfulness of the material used

Instructions

Intelligence

Drugs

Intertrial interval

Interaction with other tasks



An additional function of a theory, by the way, is to give researchers some guidance in choosing their independent variable or variables.



What Levels of the Independent Variables Should be Studied?

Once one or more independent variables are chosen, the researcher must consider how many levels of an independent variable should be represented in the experiment. For example, if age is chosen as an experimental variable, how many ages and which ones should be studied? There are some guidelines that could be used here to ensure that the levels of the independent variable chosen will have the greatest effect on the dependent variable (see Anderson, 1971), but this choice is basically arbitrary.



Choice of Dependent Variables

Common dependent variables in learning experiments include the following:


Scores on tests

Trials to extinction

Running speed

Rate of responding

Time to solution

Trials to criterion

Latency

Probability of response

Number of errors

Response amplitude



23Because each potential dependent variable results from an operational definition of learning, it should be clear that many acceptable operational definitions of learning are available to the researcher. Although which is chosen is arbitrary, the choice may have a profound effect on the conclusions one draws about the outcome of an experiment. In experiments with two dependent variables, it is common for one variable to show an effect due to the independent variable and for the other to show no effect. For example, when investigating the transfer of training from one hand to the other in the laboratory of Matthew Olson (one of this textbook’s authors), Olson and his team consistently found that practice with one hand increases the speed with which a task can be performed with the other hand (speed of responding being one dependent variable). Using speed as their dependent variable, they found evidence for positive transfer of training from one hand to the other. If, however, they used number of errors as their dependent variable, they discovered that practice with one hand does not facilitate performance with the other hand. Thus, they concluded that no transfer of training took place—two altogether dissimilar conclusions resulting from their choice of the dependent variable!



Data Analysis and Interpretation

Once the data (scores on the dependent variable) have been gathered in an experiment, how does one analyze them? Although it is beyond the scope of this book to discuss them, the reader should be aware that many statistical techniques are available to the researcher for data analysis. Here again, the choice of a statistical test is somewhat arbitrary yet may have a significant effect on one’s conclusions.

Once the experiment has been designed, run, and analyzed, it must be interpreted. There are usually many interpretations of the data provided by an experiment, and there is really no way of knowing if the one finally decided on is the best. It is possible that, even after following the most rigorous scientific procedures in the gathering of experimental data, the interpretation of those data could be totally inadequate. For example, there is the story of the researcher who trained a flea to jump every time he said “jump.” After this preliminary training, the researcher began pulling legs off the flea and, after the removal of each leg, he said “jump,” and the flea jumped. The experiment continued in this manner until the flea’s last leg had been pulled off. Now, when the experimenter said “jump,” the flea did not move. The researcher jotted his conclusion in his notebook: “Fleas without legs are deaf.” We exaggerate only to stress the point that there are many possible conclusions to draw about the same experimental data.

It should be noted that, although we refer to the decisions in this section as arbitrary, they are arbitrary only in the sense that there are a number of ways of arranging an experiment in a given area, and any one of the ways might be scientifically correct. In a more practical sense, however, the choice of what to study, the kind of subject to use, independent and dependent variables, and the approach to data analysis and interpretation will be at least partially determined by such factors as cost, practicality, theoretical orientation, social and educational concerns, and availability of apparatus. Indeed, given the failures of reproducing published findings in biomedical (Harris, 2017; Steward & Balice-Gordon, 2014) and psychological sciences (Open Science Collaboration, 2015), understanding and 24transparently deploying the many elements that constitute a sound scientific investigation are of paramount importance for the advancement of knowledge.




The use of Models

The Random House Dictionary of the English Language defines analogy as “a partial similarity between like features of two things, on which a comparison may be based.” In science, it is often useful to find that two things are analogous, especially when one thing is well known and the other is not. In such cases, we can use what is well known as a model in attempting to understand what is less known. At one time, noting the similarity between the functioning of mechanical pumps (about which a great deal was known) and the functioning of human hearts (about which less was known) provided a useful guide for heart research. Also, noting the similarities between lower animals and humans encouraged the intense study of lower animals in order to learn more about human processes.

Unlike a theory, a model is typically not used to explain a complicated process; rather, it is used to simplify the process and make it more understandable. The use of models involves illustrating how one thing is similar to another. A theory, however, attempts to describe the processes underlying a complex phenomenon. Reinforcement theory, for example, is an attempt to explain why learning occurs. It is not an attempt to show what learning is like, as would be the case with a model. In the area of motivation, one might say that an organism acts like a mule with a carrot dangling before it, or one might say that the physiological state of hunger is interacting with previously learned habits, causing the organism to run. In the former case, a model is being used to describe behavior; in the latter case, a theory is being used in an attempt to explain behavior.

For numerous years, information-processing psychology has used the computer as a model in the study of human intellectual processes. Many information-processing psychologists state that computers and humans are analogous because both receive information (input) from the environment, process that information in one or more ways, and then act on that information (output). These information-processing psychologists say that the software programs determine how computers process the information fed into them. Likewise, humans are programmed by experience to process information in certain ways. Because of these similarities, some information-processing psychologists believe that much can be learned about how humans process information by assuming that computers and humans process information in similar ways; however, not all information-processing psychologists feel that the computer is a useful model for studying human cognitive processes.

More recently, research efforts in psychology, computer science, and neuroscience have intertwined to propel a revolutionary advancement in information processing known as artificial intelligence (AI), which is currently the most advanced model for human cognition. As Gleeson et al. (2023) point out, these fields have informed one another in extraordinarily innovative ways that have produced many breakthroughs, such as improving how AI can learn and operate because of discoveries in reinforcement 25learning (such as those introduced in Chapter 1) or how the brain itself might produce memory because of insights from research in computational models. These significant advances in the development of AI have the potential to impact society in breathtakingly wide-ranging ways, from artistic endeavors to educational initiatives to scientific discovery. We will explore this burgeoning area of interdisciplinary research more deeply in Chapter 14.



Learning in the Laboratory Versus Naturalistic Observation

Remember that science deals in statements that are verified through experimentation. Contrasted with naturalistic observation, where the researcher has no control over what is being observed, an experiment can be defined as controlled observation. Information is both gained and lost in laboratory experimentation. On the plus side, the experimenter controls the situation and, therefore, is able to examine systematically a number of different conditions and their effects on learning. On the negative side, the laboratory creates an artificial situation that is much different from the circumstances under which learning would ordinarily occur. This always brings into question how information gained in the laboratory is related to learning situations outside the laboratory. Some researchers feel that combining naturalistic observation and laboratory experimentation is best. That is, one could make initial observations in the field, examine them in greater detail in the laboratory, and then observe the phenomenon again in the field with the greater understanding that resulted from the laboratory experimentation.



Kuhn’s Views of How Sciences Change

To portray science as an activity that gradually evolves toward an increasingly accurate understanding of nature, as we have done previously, may be somewhat misleading. In his 1973 book The Structure of Scientific Revolutions, Thomas Kuhn (1922–1996) presents a much different view of science. According to Kuhn, scientists working in a given area usually accept a certain point of view about what they are studying. For example, at one time, most physicists accepted the Newtonian point of view in their study of physics. Kuhn calls a point of view shared by a substantial number of scientists a paradigm. A paradigm provides a general framework for empirical research and, as such, is usually more than just a limited theory. A paradigm corresponds more closely to what is called a school of thought or an “ism,” such as behaviorism, associationism, or functionalism (these terms are explained in the next chapter).

The activities of scientists who accept a particular paradigm consist mainly of elaborating and verifying the implications of the framework it superimposes over the subject being studied. In other words, a paradigm is a way of looking at a subject that illuminates certain problems and suggests ways of solving those problems. Kuhn calls the problem-solving 26activities of scientists following a paradigm normal science. Normal science is what most of this chapter is about.

The positive result of a community of scientists following a certain paradigm is that a certain range of phenomena, those on which the paradigm focuses, are explored thoroughly. The negative result is that following a particular paradigm blinds the scientists to other, perhaps more fruitful, ways of dealing with their subject matter. Thus, whereas research generated by a certain paradigm results in depth, it may inhibit breadth.

According to Kuhn (1973), scientists following a particular paradigm—that is, those engaged in normal science—are providing little more than a “mop-up operation.” Kuhn puts the matter as follows:


Mopping-up operations are what engage most scientists throughout their careers. They constitute what I am here calling normal science. Closely examined, whether historically or in the contemporary laboratory, that enterprise seems an attempt to force nature into the preformed and relatively inflexible box that the paradigm supplies. No part of the aim of normal science is to call forth new sorts of phenomena; indeed those that will not fit the box are often not seen at all. Nor do scientists normally aim to invent new theories, and they are often intolerant of those invented by others. Instead, normal-scientific research is directed to the articulation of those phenomena and theories that the paradigm already supplies. (p. 24)



How, then, do new paradigms emerge? According to Kuhn, innovations in science come when scientists following a particular paradigm are consistently confronted with events that are inconsistent with the point of view they are holding. Eventually, as the anomalies persist, an alternative paradigm will emerge that will be able to explain the anomalies as well as the events supporting the previous paradigm. The new paradigm will usually be associated with one individual or a small group of individuals who attempt to convince their colleagues that their paradigm is more effective than its predecessor. Typically, the new paradigm meets with great resistance, and converts are won very slowly. Kuhn says that this resistance comes from the fact that a particular paradigm has implications for every aspect of one’s scientific life, and, therefore, changing from one paradigm to another involves an enormous change in how one does science; for this reason, there is emotional involvement in the decision. Kuhn says, “Like the choice between competing political institutions, that between competing paradigms proves to be a choice between incompatible modes of community life” (p. 94). Because of this emotional involvement, scientists will usually do everything possible to make their accepted paradigm work before pondering a change. At some point, however, the older paradigm will be “overthrown,” and the new one will replace it. The displacement of Newton’s theory by Einstein’s theory is one example, and the displacement of religious notions concerning the creation of human life by Darwin’s theory of evolution is another.

According to Kuhn, then, a science changes (although it does not necessarily advance) through a series of scientific revolutions, which are similar to political revolutions, rather than through a continuous evolutionary process within a single theoretical 27framework. To Kuhn, the evolution of a science is at least as much a sociological phenomenon as it is a scientific phenomenon. We might add that, because of the emotional involvement, it also appears to be a psychological phenomenon.

As valid as Kuhn’s argument appears to be, it seems more forceful when applied to the physical sciences rather than the behavioral sciences. Within the more mature physical sciences, it is the rule that most scientists accept some prevailing paradigm, and, therefore, a change in paradigm tends to be revolutionary. In the younger, behavioral sciences, however, many paradigms exist simultaneously. The book you are now reading provides a good example because it offers various ways of looking at the learning process. Every theory in this book is accepted to some extent by a substantial number of researchers of the learning process. Although followers of one theory tend to form a camp, they still communicate and influence members of other camps. It would be difficult to find an area in physics for which this would be true. For example, one could not find a book on theories of gravity because there are not as many paradigms that exist simultaneously in that area.

Thus, it seems that, under the conditions that exist in the behavioral sciences, the revolutionary change of paradigms is less possible and less necessary. One possible exception to this contention would be the widespread acceptance of associationism, one of psychology’s oldest and most widely accepted doctrines. In fact, most theories in this book assume some aspect of associationism. At the present time, there is growing dissatisfaction with the assumptions underlying associationism; we may, therefore, have the necessary condition for the kind of scientific revolution that Kuhn so eloquently describes in his book.



Popper’s View of Science

As we have seen, science has traditionally been viewed as involving empirical observation, theory formation, theory testing, theory revision, and the search for lawful relationships. Like Kuhn, Karl Popper (1902–1994) was critical of this traditional view of science. According to Popper (1963), scientific activity does not start with empirical observation, as is so often claimed. Rather, it starts with the existence of a problem. For Popper, the idea that scientists wander around making empirical observations and then attempt to explain those observations was just plain silly:


Twenty-five years ago I tried to bring home the same point to a group of physics students in Vienna by beginning a lecture with the following instruction: “Take pencil and paper: carefully observe, and write down what you have observed!” They asked, of course, what I wanted them to observe. Clearly the instruction, “Observe!” is absurd . . . observation is always selective. It needs a chosen object, a definite task, an interest, a point of view, a problem. (p. 46)



For Popper, then, problems determine which observations are made by scientists. The next step in scientific activity, according to Popper, is to propose a solution to the 28problem. A scientific theory is a proposed solution to a problem. What distinguishes a scientific theory from a nonscientific theory is the principle of refutability (sometimes called the principle of falsification). According to this principle, a scientific theory must make specific predictions about what will happen under certain circumstances. Furthermore, the predictions must be risky in the sense that there is a real possibility that the predictions will prove to be erroneous and, thus, refute the theory on which they were based. Einstein’s theory of relativity made the risky prediction that, as objects approached the speed of light, they would diminish in size and increase in mass. If these predictions had been found to be false, Einstein’s theory would have had to be revised or abandoned. It turns out, however, that his predictions were accurate.

Popper criticized a number of theories in psychology because they do not pass the test of refutability. Freud’s theory, for example, makes no risky predictions. Everything that a person does can be “explained” by Freud’s theory. If, for example, Freud’s theory predicts that, on the basis of early experience, a man should hate women but is found to love them, the Freudian can say that he is displaying a “reaction formation.” That is, he really does hate women on the unconscious level and he is simply going overboard in the opposite direction to reduce the anxiety that his recognition of his true hatred of women would cause. Astrology suffers the same fate because there is no conceivable observation that could be made that would refute its claims. Contrary to common belief, if every conceivable observation agrees with a theory, the theory is weak, not strong.


Kuhn Versus Popper

According to Popper, what Kuhn calls normal science is not science at all. For Popper, the subjective beliefs that Kuhn claims bind scientists to a paradigm inhibit effective problem solving. In his analysis of scientific activity, Kuhn stresses sociological and psychological factors, whereas Popper’s analysis stressed the logical refutation of proposed solutions to problems. For Popper, either proposed solutions (theories) to problems pass the rigorous attempts to refute them or they do not; there is no room for subjectivity. Can the analyses of both Kuhn and Popper be correct? Robinson (1986) suggests that they can be, and we agree: “In a conciliatory spirit, we might suggest that the major disagreement between Kuhn and Popper vanishes when we picture Kuhn as describing what science has been historically, and Popper asserting what it ought to be” (p. 24).




Chapter Summary

Because of the relative inaccessibility of learning for study, numerous approaches have been developed to examine learning, ranging from naturalistic observation to controlled laboratory experimentation. Although naturalistic observation is a good starting point for studying learning, experimentation relying on elementistic approaches is required to gain a more in-depth understanding of laws guiding human and animal learning. Therefore, this chapter examined aspects of the scientific method that have provided fruitful insights into learning, such as the notion of scientific theory, laws, and experimentation. Like other fields of psychological inquiry, the study of learning 29is conducted scientifically, meaning that psychologists are systematic and empirical in their explorations of learning. Scientific theory is comprised of two important features: the formal aspect, composed of the words and symbols of a theory, and the empirical aspect, the actual phenomena the theory tries to explain. A scientific law is said to exist when a relationship is consistently observed between two or more classes of events. Psychologists use theories to generate hypotheses, which are directly testable. When a theory’s hypothesis is confirmed, the theory is strengthened. When competing theories are being entertained, psychologists choose the simpler explanation, thereby applying the principle of parsimony, which states that, when psychologists are faced with two explanations of a phenomenon, they must use the simpler explanation.

When designing experiments to test the empirical hypotheses generated by a theory, a researcher makes decisions about design that are dictated not only by theoretical orientation or personal experience but also by logistical considerations, such as cost and availability of apparatus. The learning researcher must operationally define the variables that are to be explored and choose the dependent variables to be measured and the independent variables to be manipulated. Other areas to consider in the setup of an experiment are the aspects of learning that are to be examined, whether to use idiographic or nomothetic techniques, whether to use human or nonhuman animals in the study, whether the experiment is correlational or experimental, and how the data will be analyzed.

In closing Chapter 2, we discussed the use of models in aiding our understanding of phenomena under investigation and the philosophical view of the scientific enterprise as described by Thomas Kuhn and Karl Popper. Models are useful tools to simplify the processes under consideration, thereby facilitating our ability to understand complex phenomena. It is important to recognize, however, that, whereas models are used to describe a phenomenon, theories are used to explain the underlying processes producing a phenomenon. Kuhn believed that, when a theoretical perspective is firmly embraced by a scientific field, that point of view becomes a paradigm, thus providing a framework guiding scientific investigation. The experiment—or the problem-solving activities— that stems from the paradigm is what Kuhn referred to as normal science. As a scientific perspective transitions from one paradigm to another, according to Kuhn, that transition is better understood as a scientific revolution than an incremental evolution. Popper believed that science began with a problem to be solved and a scientific theory is the proposed solution. Popper also identified one of the most important characteristics defining scientific theory, which distinguishes it from nonscientific theory, the principle of refutability. Simply put, a scientific theory must be falsifiable, capable of making risky predictions that can be disconfirmed.



Discussion Questions

	In what way(s) do you feel science differs from other fields of inquiry, such as philosophy and theology?
 	What is a scientific law? How does the scientific concept of law differ from how the term is used in a legal or a religious sense?
 	30Discuss the strengths and weaknesses of naturalistic observation.
 	Briefly discuss the characteristics of a scientific theory.
 	Discuss the steps involved in going from experimentation to theory.
 	Discuss the steps involved in going from theory to experimentation.
 	What is a scientific model? Give an example of how a model has been used in psychology.
 	Differentiate between a theory and a model.
 	List and briefly describe the arbitrary decisions that are involved in setting up, running, and analyzing a learning experiment.
 	What does Kuhn mean when he says normal science is a “mop-up” operation?
 	Describe the process of scientific revolution as it is viewed by Kuhn.
 	Discuss Popper’s criticisms of the traditional views of science.
 	How can the analyses of science offered by Kuhn and Popper be reconciled?
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Epistemology and Learning Theory

Epistemology is a branch of philosophy that is concerned with the nature of knowledge. The epistemologist asks questions such as “What is knowledge?” “What can we know?” “What are the limits of knowledge?” “What does it mean to know?” and “What are the origins of knowledge?” Questions of this kind go back at least as far as the early Greeks. In fact, the views of Plato and Aristotle concerning the nature of knowledge set philosophical trends that persist to this day. Plato believed that knowledge was inherited and was, therefore, a natural component of the human mind. According to Plato, one gained knowledge by reflecting on the contents of one’s mind. Aristotle, in contrast, believed that knowledge derived from sensory experience and was not inherited.

Although Plato believed that knowledge is inherited and Aristotle believed that it is derived from sensory experience, both exemplify rationalism because both believed that the mind is actively involved in the attainment of knowledge. For Plato, the mind must engage in active introspection to discover inherited knowledge. For Aristotle, the mind must actively ponder the information provided by the senses to discover the knowledge contained within that information. The term nativism can also be applied to Plato’s position because he stressed that knowledge is innate. The position taken by Aristotle also exemplifies empiricism because he stressed the importance of sensory experience as the basis of all knowledge.

34The philosophies of Plato and Aristotle show the difficulty in using such general philosophical terms as rationalist, nativist, and empiricist. A case can be made that all three labels accurately apply to any philosopher relevant to the history of learning theory. A rationalist maintains that the mind must be actively involved in the quest for knowledge (e.g., by thinking, reasoning, or deducing). Certainly, both Plato and Aristotle were rationalists. The nativist maintains that some important trait or attitude is inherited. For Plato, one such attribute is knowledge. Aristotle, however, did not totally reject nativism. For him, the reasoning powers used to abstract knowledge from sensory experience are innate. The empiricist maintains that sensory information is the basis of all knowledge, and, because Aristotle believed this, he can be labeled an empiricist. This is not to say, however, that sensory information is unimportant in Plato’s philosophy. For Plato, the search for, or the awareness of, innate knowledge is often triggered by sensory experience.

Because the type of overlap just described is common among philosophers, it is important to remember that labels such as rationalist, empiricist, and nativist are applied to a philosopher because of the emphasis of that philosopher’s work. There are no pure rationalists, empiricists, or nativists.

Because the views of Plato and Aristotle concerning the nature of knowledge have played such an important role in the history of learning theory, we look at them in greater detail.



Plato

Plato (ca. 427–347 b.c.) was Socrates’s most famous student. In fact, Socrates never wrote a word about his philosophy—it was written by Plato. This is a most significant fact, because the early Platonic dialogues were designed primarily to show the Socratic approach to knowledge and were memories of the great teacher at work. The later dialogues, however, represent Plato’s own philosophy and have little to do with Socrates. Plato was so upset by the execution of Socrates for impiety that he went into self-imposed exile in southern Italy, where he came under the influence of the Pythagoreans. This fact has important implications for Western people and is directly related to all approaches to epistemology, including learning theory, that have occurred since.

The Pythagoreans believed that the universe was governed by numerical relationships that influenced the physical world. In fact, numbers and their various combinations caused events in the physical world. And both the number and the empirical event that it caused were real. Thus, to the Pythagoreans, the abstract had an independent existence and was capable of influencing physical objects. Furthermore, physical events were thought to be only manifestations of the abstract. Although number and matter interact, it is matter that we experience with our senses, not number. This results in a dualistic view of the universe in which one aspect can be experienced through the senses and the other cannot. Following this notion, the Pythagoreans made great strides in mathematics, medicine, and music. Through time, however, they developed into a mystical cult, allowing only a few individuals to become members and share their wisdom. Plato was one such individual.

35Plato’s later dialogues reflect complete acceptance of the dualistic universe in which the Pythagoreans believed. He developed a theory of knowledge based on the Pythagorean notion that the abstract has an independent and influential existence.


Reminiscence Theory of Knowledge

According to Plato, every object in the physical world has a corresponding abstract “idea” or “form” that causes it. For example, the abstract idea for chair interacts with matter to produce what we call a chair. The idea of tree interacts with matter to form what we see as a tree. All physical objects have such an origin. Thus, what we experience through our senses is a chair, a tree, or a house, but not chairness, treeness, or houseness. The pure idea or essence of these things exists independent of matter, and something is lost when the idea is translated into matter. Therefore, if we attempt to gain knowledge by examining things that we experience through the senses, we will be misled. Sensory information provides only opinion; the abstract ideas themselves are the only bases of true knowledge.

But how do we obtain information about the ideas if we cannot experience them through the senses? Plato said we experience them through the “mind’s eye.” We turn our thoughts inward and ponder what is innately available to us. All human beings have in their mind complete knowledge of all the ideas that make up the world; thus, true knowledge comes from introspection or self-analysis. We must learn to divorce ourselves from sensory information that can only deceive or, at best, remind us of what we already know.

How does one come to have knowledge of the ideas? Here, Plato becomes mystical. All humans possess a soul. Before being placed in the body at birth, the soul dwells in pure and complete knowledge. Thus, all human souls know everything before entering the body. Upon entering the body, the knowledge of the soul begins to be “contaminated” by sensory information. According to Plato, if humans accept what they experience through the senses as truth, they are doomed to live a life of opinion or ignorance. Only by turning away from the physical, impure world to the world of ideas, pondered by the mind’s eye, can we hope to gain true knowledge. Thus, all knowledge is reminiscence, or recollection of the experience our soul had in the “heaven which is beyond the heavens.” Plato advises the astronomer to “let the heavens alone” and use “the natural gift of reason” (Republic VII, p. 296, from translation by Cornford, 1968).

As we have already seen, Plato was a nativist because he felt knowledge was inborn. He was also a rationalist because he felt this knowledge could be made available only through reasoning. As we discuss later, other rationalists were not as extreme as Plato in their negative attitude toward sensory information. However, it was Plato’s philosophy that dominated Europe for the first twelve centuries of the Christian Era. It is largely through this early influence on Christianity that we still have remnants of Platonism in Western culture today.




Aristotle

Aristotle (384–322 b.c.), one of Plato’s students, first followed Plato’s teachings quite closely and later broke away from them almost completely. A basic difference between 36the two thinkers was in their attitude toward sensory information. To Plato, it was a hindrance and something to be distrusted, but, to Aristotle, sensory information was the basis of all knowledge. With his favorable attitude toward empirical observation, Aristotle compiled an extraordinarily large number of facts about physical and biological phenomena.

Aristotle, however, in no way abandoned reason. He felt that sense impressions were only the beginning of knowledge—the mind must then ponder these impressions to discover the lawfulness that runs through them. The laws that govern the empirical world are not knowable through sensory information alone but must be discovered by active reason. Thus, Aristotle believed that knowledge was gained from sense experience and reasoning.

There are two major differences here between Aristotle’s and Plato’s theories of knowledge. First, the laws, forms, or universals that Aristotle was looking for did not have an existence independent of their empirical manifestation, as they did for Plato. They were simply observed relationships in nature. Second, for Aristotle, all knowledge is based on sensory experience. This, of course, was not the case with Plato. It is because Aristotle contended that the source of all knowledge is sensory experience that he is labeled an empiricist.

In elaborating his empiricist view of knowledge, Aristotle formulated his laws of association. He said that the experience or recall of one object will tend to elicit the recall of things similar to that object (law of similarity), recall of opposite things (law of contrast), or recall of things that were originally experienced along with that object (law of contiguity). Aristotle also noted that the more frequently two things are experienced together, the more likely it will be that the experience or recall of one will stimulate the recall of the second. Later in history, this came to be known as the law of frequency. Thus, according to Aristotle, sensory experience gives rise to ideas. The ideas stimulated by sensory experience will stimulate other ideas in accordance with the laws of similarity, contrast, contiguity, and frequency. Within philosophy, the contention that the relationships among ideas can be explained by the laws of association is called associationism. An example of how ideas become associated through contiguity is shown in Figure 3.1.

Besides making empirical investigation respectable, Aristotle made several other contributions to psychology. He wrote the first history of psychology, which was entitled De Anima. He wrote extensively on the human sensory apparatus, which he listed as consisting of sight, hearing, smell, taste, and touch. He contributed greatly to later conceptions of memory, thinking, and learning. As we noted earlier, his associative principles of similarity, contrast, contiguity, and frequency later became the bases for the doctrine of associationism, which is still very much part of modern learning theory. In view of his immense contributions, we can forgive him for locating the mind in the heart and treating the brain as a system for cooling the blood (Finger, 2001). About Aristotle’s great influence on learning theory, Weimer (1973) said,


A moment’s recollection . . . shows that Aristotle’s doctrines are at the heart of 37contemporary thought in epistemology and the psychology of learning. The centrality of associationism as the mechanism of the mind is so well known as to require only the observation that not one single learning theory propounded in this century has failed to base its account on associative principles. (p. 18)



With Aristotle’s death died the hope for the development of empirical science. In the centuries following Aristotle, there was no follow-up to the scientific study that Aristotelian thinking had promoted. The collapse of the Greek city-states, barbarian invasions

[image: An illustration of how ideas become associated through contiguity is represented. At the top, a mother is pointing toward a dog and saying the word Dog while a child looks on. At the centre, labelled Stimulus, three items are shown: Dog spoken by Mother, a dog, and a dog. Next, labelled Sense, shows three items: hears Dog, feels Dog, and sees Dog. The next is labelled Brain, lists three parts: auditory cortex, sensory cortex, and visual cortex. At the bottom, under Mind, is the phrase IDEA OF DOG. Arrows connect each layer downward.]Figure 3.1 The law of contiguity says that, because the child hears “dog,” sees the dog, and feels the dog at the same time, these sensations come together as the idea of a dog. Return to text.⏎Source: Illustrated by Bonnie J. Sather.

38throughout Europe, and the rapid spread of Christianity stunted the growth of scientific inquiry. Early medieval thinkers depended on the teachings of past authorities instead of seeking new information.

Plato’s philosophy was an important influence on early Christianity. The conception of humankind that prevailed during these times is described by Marx and Cronan-Hillix (1987):


Human beings were regarded as creatures with a soul possessed of a free will which set them apart from ordinary natural laws and subject only to their own willfulness and perhaps to the rule of God. Such a creature, being free-willed, could not be an object of scientific investigation.

Even the human body was regarded as sacrosanct. Anatomists had to double as grave robbers, and that made anatomy a highly risky, or very expensive, occupation. The strictures against observation slowed the development of anatomy and medicine for centuries and allowed incredible misconceptions to persist for over a thousand years. A science of psychology could not flourish in such an atmosphere. (p. 28)



Religion has been defined as philosophy in the absence of dialogue; when Plato’s views concerning the nature of knowledge were incorporated into Christian dogma, they could not be challenged. Some fifteen hundred years elapsed before the rediscovery of Aristotle’s writings challenged the antiempiricism of the church. When inquiry into nature did begin again, it spread like wildfire. For psychology, the writings of René Descartes represent one of the most important examples of this renaissance.



The Beginning of Modern Psychology

René Descartes (1596–1650) tried to approach all philosophical inquiry with an attitude of complete doubt. “I can doubt everything,” he argued, “except one thing, and that is the very fact that I doubt. But when I doubt I think; and when I think I must exist.” He thus arrived at his celebrated conclusion, “I think, therefore I am.” He went on from that point to prove the existence of God, and from there he inferred that our sensory experiences must be a reflection of an objective reality because God would not deceive us.

Descartes went on to postulate a separation between the mind and the body. He viewed the human body as a machine that moves in predictable ways; in this respect, we were the same as any other animal. The mind, however, is a uniquely human attribute. The mind was free and could decide the actions of the body. Descartes believed the pineal gland to be the point of contact between the mind and the body. The mind could move the gland from side to side and could, thus, open or close the pores of the brain. Through these pores, the “animal spirits” flowed down tiny tubes to the muscles, filling and swelling them and making them become short and thick, thus moving the parts of the body to which they were connected. Although physical action is what occurs when the mind causes behavior, sensory experience can also cause behavior. Motion outside the body exerts 39a pull on the “taut strings” that lead to the brain; the pull opens the pores of the brain, releasing the “animal spirits,” which flow into the muscles and cause behavior. Therefore, the mind or the physical environment can initiate behavior. This description of reflex action was to have a long-lasting influence on psychology. Descartes can be considered a predecessor of the stimulus–response psychologists.

By comparing the human body to a machine, Descartes helped to make it accessible to scientific study. He urged physiologists to use the method of dissection to better understand the machinery of the body. Because Descartes believed that humans and animals were physiologically similar, the study of animals to learn about humans became respectable. Descartes, therefore, did much to pave the way for physiological and comparative psychology.

The mind, however, was free and possessed by humans alone. In explaining the working of the mind, Descartes relied heavily on innate ideas, thus showing Plato’s influence on his philosophy. Innate ideas were not derivable from experience but were integral to the mind. Examples of innate ideas included the concepts of God and the self, the axioms of geometry, and the ideas of space, time, and motion. The question of innate ideas caused much philosophical discussion following Descartes.

Thomas Hobbes (1588–1679) opposed the notion that innate ideas are a source of knowledge. He maintained that sense impressions are the source of all knowledge. With this belief, Hobbes reopened the philosophical school of empiricism and its related associationism.

Hobbes believed that stimuli either help or hinder the vital functions of the body. A stimulus that aids in the vital functioning of the body causes a feeling of pleasure; therefore, the person seeks to experience this pleasure again. A stimulus that hinders the vital functioning of the body causes an aversive feeling, and the person seeks to retreat from it. According to Hobbes, human behavior is controlled by these “appetites” and “aversions.” Those events approached by a person are called “good,” and those avoided are called “evil.” Thus, the values of good and evil are individually determined; they are not abstract or absolute. Later, Jeremy Bentham (1748–1832) said that human behavior was governed by the “pleasure principle,” an idea that was picked up by Freud and, later, by the reinforcement theorists.

Hobbes was mainly interested in the political and societal conditions under which humans live. He felt that humans were basically selfish and aggressive, and, if they were allowed to live in accordance with their nature, life would be characterized by self-satisfaction and war. Humans form political systems and societies because it is to our advantage to do so, not because we are by nature gregarious. Without agreed-on rules and regulations concerning conduct, human existence would be characterized by “continual fear, and danger of violent death; and the life of man, solitary, poor, nasty, brutish, and short” (Hobbes, 1962 [1651], p. 100). In other words, Hobbes believed that forming human societies was the lesser of two evils because it reduced the likelihood of constant struggle 40with other humans. This view of the function of society comes very close to the one held by Freud many years later.

John Locke (1632–1704) also opposed the notion of innate ideas. For him, the mind is made up of ideas, and ideas come from experience. He indicated that, if ideas were innate, people everywhere would possess them, but they do not. Rather, different cultural groups differ markedly in what they think and believe. Thus, the infant mind at birth is a tabula rasa, a blank tablet, and experience writes on it. The mind becomes what it experiences; there is nothing in the mind that is not first in the senses. Simple ideas come directly from sense experience; complex ideas come from combining simple ideas.

Clearly, then, Locke was an empiricist. Note, however, that his philosophy had a major rationalistic component. Although simple ideas come from experience, they are combined by reflection, and reflection is a rational process. As Leibniz (1646–1716) said in summarizing Locke’s philosophy, “There is nothing in the mind that is not first in the senses, except the mind itself.”

Like Galileo before him, Locke distinguished between primary and secondary qualities. Primary qualities are characteristics of the physical world powerful enough to cause accurate mental representations of themselves in the mind of a perceiver. Size, weight, quantity, solidity, shape, and mobility exemplify primary qualities. Secondary qualities are characteristics of the physical world too weak or minute to cause accurate mental representations of themselves in the mind of a perceiver. Electromagnetic energy, atoms and molecules, airwaves, and white corpuscles in the blood exemplify secondary qualities. Secondary qualities cause psychological experiences that have no counterparts in the physical world—for example, the experiences of colors, sounds, odors, tastes, and blood being entirely red.

Although it is not how Locke used the terms, it is often the case that primary quality is used to refer to physical objects, and secondary quality to any psychological experience that has no exact counterpart in the physical world. Here, we follow the latter convention. The distinction between primary and secondary qualities is often cited as the reason that psychology can never become a true science. It is claimed that, because secondary qualities are purely cognitive, they cannot be objectively analyzed in the same way as primary qualities. For many, it is this inaccessibility of secondary qualities to direct objective study that causes them to be beyond the reach of scientific scrutiny. Many years later, this very concern caused many behaviorists to place the study of mental events off-limits in their analysis of human behavior.

George Berkeley (1685–1753) claimed that Locke did not go far enough. There was still a kind of dualism in Locke’s view that physical objects cause ideas about them. Whereas Locke contended that there is an empirical world about which we have ideas, Berkeley claimed that we can experience only secondary qualities. Nothing exists unless it is perceived; thus, to be is to be perceived. What we call primary qualities, such as shape and size, are really only secondary qualities or ideas. Ideas are the only things we experience directly and are, therefore, the only things we can be sure of. Despite such 41beliefs, Berkeley is still considered an empiricist because he believed the contents of the mind were derived from the experience of external reality. That external reality was not material or physical but rather God’s perception: what we experience through our senses are God’s ideas.

David Hume (1711–1776) carried the argument one step further. Although he agreed with Berkeley that we could know nothing for sure about the physical environment, he added that we could know nothing for sure about ideas. We can be sure of nothing. Mind, for Hume, was no more than a stream of ideas, memories, imaginings, associations, and feelings.

This is not to deny Hume’s empiricist and associationist leanings. He believed strongly that human knowledge consists of ideas that somehow come from experience and come to be associated through the principles of association. Hume was saying, however, that we experience the empirical world only indirectly through our ideas. Even the laws of nature are constructs of the imagination; the “lawfulness” of nature is in our minds, not necessarily in nature. General concepts such as causation, for example, come from what Hume referred to as the “habitual order of ideas.”

Needless to say, Hume upset everyone. To accept Hume was to question rational thought, science, psychology, and religion. All dogma, whether religious or scientific, now became suspect. Hergenhahn (2009) summarized Hume’s philosophy as follows:


Hume had argued that all conclusions we reached about anything were based on subjective experience because that was the only thing we ever encountered directly. According to Hume, all statements about the nature of the physical world or about morality were derived from impressions and ideas and the feelings that they aroused, as well as from the way they were organized by the laws of association. Even causation, which was so important to many philosophers and scientists, was reduced to a habit of the mind in Hume’s philosophy. For example, even if B always follows A and the interval between the two is always the same we cannot ever conclude that A causes B, because there is no way for us to verify an actual, causal relationship between the two events. For Hume, rational philosophy, physical science, and moral philosophy were all reduced to subjective psychology. Therefore, nothing could be known with certainty because all knowledge was based on the interpretation of subjective experience. (pp. 192–193)



Immanuel Kant (1724–1804) claimed that Hume awoke him from his “dogmatic slumbers” and caused him to attempt to rescue philosophy from Hume’s skepticism. Kant attempted to correct the impractical features of both rationalism and empiricism. Rationalism can involve only the manipulation of concepts, and empiricism confines knowledge to sensory experience and its derivatives. Kant attempted to reconcile both points of view.

Kant felt that careful analysis of our experience revealed certain categories of thought. For example, Kant indicated that we do have such ideas as causality, unity, and totality, but we never, as Hume had said, experience any of these things empirically. These 42categories of thought, or “faculties,” are neither part of our sensory experience nor derived from it. If these thoughts are not the result of sensory experience, Kant reasoned, they must be innate categories of thought. These innate mental faculties are superimposed over our sensory experiences, thereby providing them with structure and meaning. Kant believed that there were twelve of these innate faculties that give meaning to our experiences of the physical world, including unity, totality, reality, existence, necessity, reciprocity, and causality.

What we consciously experience, according to Kant, is influenced by both sensory experience, caused by the empirical world, and the faculties of the mind, which are innate. The faculties of the mind transform sensory experience, thereby giving it greater organization and meaning. Any attempt to determine the nature of knowledge must, according to Kant, also take into consideration the active contribution of the mind. We see a current example of this point of view when we review Gestalt psychology inChapter 10 and Jean Piaget’s theory in Chapter 11. Kant’s philosophy can be viewed as the antecedent of modern information-processing psychology and cognitive science. Flanagan (1991, p. 181) says, “When cognitive scientists discuss their philosophical forebears one hears the name of Immanuel Kant more than any other.”

Thus, Kant kept rationalism alive by showing that the mind is the source of knowledge. In other words, he kept alive an approach to explaining knowledge in terms other than its reduction to sensory experience. By taking a nativistic view—that much knowledge is inborn—Kant revived the Platonist view that had been losing ground since the time of Descartes.

John Stuart Mill (1806–1873) was disturbed by the contention of the early associationists, such as Hobbes and Locke, that complex ideas are nothing more than combinations of simple ideas. Although he remained an empiricist and an associationist, he made a very important revision in the position taken by other associationists. Accepting the notion that complex ideas are made up of simpler ideas, Mill added the notion that some simple ideas combine into a new totality that may bear little resemblance to its parts. For example, if we combine blue, red, and green lights, we get white. In other words, Mill believed that the whole is different from the sum of its parts. Thus, Mill modified the empiricist contention that all ideas reflect sensory stimulation. For him, when some ideas combine, they produce an idea that is unlike any of the elemental ideas that make up the emergent idea.



Other Historical Influences on Learning Theory

Thomas Reid (1710–1796) also opposed the elementism of the empiricists, but his opposition took a different form than that of John Stuart Mill. Like Kant, Reid believed that the mind has powers of its own, which strongly influence how we perceive the world. He hypothesized twenty-seven faculties of the mind, most of which were thought to be innate. The belief in the existence of such faculties in the mind was later called faculty psychology. The faculty psychologist is a mixture of nativist, rationalist, and empiricist. 43Kant, for example, explored sensory experience (empiricism) in order to discover categories of thought (rationalism) that were innate (nativism).

Reid argued that Hume’s contention that we cannot know anything directly about the physical world was ridiculous. Hergenhahn (2009) summarizes Reid’s position:


Reid argued that because all humans were convinced of the existence of physical reality, it must exist. . . . If Hume’s logic caused him [Hume] to conclude that we could never know the physical world, then, said Reid, something was wrong with Hume’s logic. We can trust our impressions of the physical world because it makes common sense to do so. We are naturally endowed with the abilities to deal with and make sense out of the world. (p. 190)



Reid gives examples of what life would be like if we denied the fact that our senses accurately represent physical reality: “I resolve not to believe my senses. I break my nose against a post. . . . I step into a dirty kennel; and after twenty such wise and rational actions, I am taken up and clapped into a madhouse” (Beanblossom & Lehrer, 1983, p. 86). Reid’s contention that reality is as we perceive it is called naive realism (Henle, 1986).

Franz Joseph Gall (1758–1828) carried faculty psychology several steps further. First, he assumed that the faculties were housed in specific locations in the brain. Second, he believed that the faculties of the mind did not exist to the same extent in every individual. Third, he believed that, if a faculty was well developed, there would be a bump or protrusion on the part of the skull corresponding to the place in the brain that houses that faculty. Likewise, if a faculty was poorly developed, a hollow or depression would be found on the skull. Armed with these assumptions, Gall set out to examine the shape of people’s skulls. He developed an elaborate chart showing to what faculties the various parts of the skull correspond. Using this chart and analyzing the bumps and hollows of a person’s skull, Gall and his followers believed they could tell which of the person’s faculties were the most highly developed and which were underdeveloped. This analysis of mental attributes by examining the characteristics of the skull is called phrenology. A typical phrenology chart is shown in Figure 3.2.

Phrenology had two lasting effects on psychology, one good and one questionable. First, it led to research designed to discover the function of various parts of the brain. It was this very research, however, that disproved the assumptions on which phrenology was based. Second, many faculty psychologists believed that the faculties became stronger with practice, just like the biceps become stronger with exercise. For this reason, the faculty psychologists were said to have taken a “mental muscle” approach to learning. Learning, to them, meant strengthening faculties by practicing those traits associated with them. One could improve one’s reasoning abilities, for example, by formally studying such topics as mathematics or Latin. The belief that a particular course of training would strengthen certain faculties was called formal discipline, a concept that provides one answer to the question of how learning transfers from one situation to another. We have more to say about the transfer of training when we discuss E. L. Thorndike in Chapter 4. It should be noted here, however, that the idea of formal 44discipline, based on faculty psychology, dominated school curricula for many years and was used to justify requiring students to study intensely the most difficult topics available, such as mathematics and Latin, regardless of their vocational aspirations. One suspects that many present-day educators still believe in the benefits of formal discipline. Indeed, there is some evidence that formal discipline is effective (see, e.g., Lehman, Lempert, & Nisbett, 1988).

[image: A phrenology chart is represented. It shows three views of a human head: side, front, and top. Each view is divided into numbered regions. The faculties are grouped into two main categories: Affective Faculties and Intellectual Faculties. Affective Faculties are split into Propensities and Sentiments. Propensities include desire to live, alimentiveness, destructiveness, amativeness, philoprogenitiveness, adhesiveness, inhabitiveness, combativeness, secretiveness, acquisitiveness, and constructiveness. Sentiments include cautiousness, approbativeness, self-esteem, benevolence, reverence, firmness, conscientiousness, hope, marvelousness, ideality, mirthfulness, and imitation. Intellectual Faculties are split into Perceptive and Reflective. Perceptive faculties include individuality, configuration, size, weight and resistance, colouring, locality, order, calculation, eventuality, time, tune, and language. Reflective faculties include comparison and causality.]Figure 3.2 A phrenology chart. Return to text.⏎Source: Phrenology, or the Doctrine of Mental Phenomena, by G. Spurzheim,1834, Boston: Marsh, Capen & Lyon.

Charles Darwin (1809–1882) supported the notion of biological evolution with so much evidence that it finally had to be taken seriously. The church bitterly opposed Darwin’s notions. In this context, some historians have suggested Darwin delayed the publication of his work because he was worried about the impact his findings would have on religious thought. Indeed, he may have wished to have his research published only after his death.

45The reasons for his delay in publishing are currently being debated, so why he waited so long to publish his work remains unresolved (van Wyhe, 2024).

Nonetheless, the final acceptance of evolutionary theory by the scientific community marked a blow to the collective ego of humans equal only to the one dealt by Copernicus and the future one dealt by Freud. Evolution restored the continuity between humans and other animals that had been denied for centuries. No longer was there the clear-cut distinction between man and other animals that had been the cornerstone of so many philosophies, such as those of Plato, Aristotle, Descartes, and Kant. If we are biologically related to the “lower” animals, do they also have minds, souls, and innate categories of thought, and, if so, to what extent? Obviously, animal research was now to take on much greater respectability. Descartes’s thinking tolerated animal research as a way of finding out how the human body works, but, from his point of view, it could not disclose anything concerning the human mind. Until Darwin, human behavior commonly was thought to be rational and animal behavior to be instinctive. With Darwin, that handy dichotomy was lost. Many questions arose, such as “Can an animal’s behavior also be rational, at least in part?” and “Can a human’s behavior be instinctive, at least in part?” A mind resulting from a long evolutionary process is looked at differently than a mind that is divinely implanted into the body by God.

Darwin changed all thoughts about human nature. Human beings were now looked on as a combination of their biological heritage and their life experiences. The pure associationism of the empiricists was now coupled with physiology in a search for the underlying mechanisms of thought, and the function of behavior as a way of adjusting to the environment was studied intensely. Individuality was appreciated as never before, and its study became popular. This new attitude was exemplified by Darwin’s cousin, Francis Galton (1822–1911), who devised a number of methods, such as the questionnaire, free association, and correlation, specifically designed to measure individual differences. Probably the most famous person directly influenced by Darwin was Sigmund Freud (1856–1939), who explored the problems of the human animal attempting to live in a civilized world.

Such philosophic questions as “How do humans think?” and “What can humans know?” changed to “How do humans adjust to their environment?” and “Given certain circumstances, what do humans do?” Thus, the mood was set for a science of behavior. If human behavior was now to be studied like any other aspect of nature, the experimental approach that had been so successful in the physical sciences could be applied to the study of the human being.

Hermann Ebbinghaus (1850–1909) is said to have emancipated psychology from philosophy by demonstrating that the “higher mental processes” of learning and memory could be studied experimentally. Rather than assuming that associations had already been formed, and studying them through reflection, as had been the case for many centuries, Ebbinghaus studied the associative process as it was taking place. Thus, he could systematically study the conditions that influenced the development of associations. He 46was an extremely careful researcher and repeated his experiments over a period of many years before he finally published his results in 1885 (1913 [1885]). Many of his conclusions concerning the nature of learning and memory are still accepted.

[image: A black-and-white portrait of a man with a full beard and a moustache. He is wearing round eyeglasses, a suit, a collared shirt, and a tie. The background is plain.]Hermann Ebbinghaus. Source: Bettmann/Getty Images.

An important principle of association was the law of frequency, which Ebbinghaus focused on in his research. The law of frequency stated that, the more frequently an experience occurred, the more easily the experience was recalled. In other words, memory gains strength through repetition. To test this notion, Ebbinghaus needed material that was not contaminated by previous experience. To control for the effects of previous experience, he invented his now famous nonsense material. Nonsense material consists of syllables containing a vowel between two consonants (e.g., QAW, JIT, XUW, CEW, or TIB). Contrary to what is commonly believed, it was not the syllables in Ebbinghaus’s research that were nonsense. The syllables he used often resembled words or actually were words. It was the relationships among the syllables that were meaningless. Thus, we use the term nonsense material instead of nonsense syllables. The syllables were usually arranged in groups of twelve, although he varied group size to measure rate of learning as a function of the amount of material to be learned. He found that, as the number of syllables to be learned became larger, it took a greater amount of time to learn them. Ebbinghaus was the first to demonstrate this fact that sounds so obvious to us today.

Using himself as a participant, Ebbinghaus looked at each syllable in the group for a fraction of a second and then paused fifteen seconds before starting through the group again. He continued in this manner until he attained “complete mastery,” which meant he could recite each syllable in the group without making a mistake. At that point, he noted how many exposures to the group of syllables it took before mastery was reached. Also, he plotted the number of errors made as a function of successive exposures to the group of syllables, thus creating psychology’s first learning curve.

At various intervals following original “mastery,” Ebbinghaus went back and relearned a group of syllables. He noted the number of trials it took to relearn a group of syllables and subtracted that number from the number of exposures it took to learn the list originally. The difference was called savings. He plotted savings as a function of time elapsed since original learning, thus creating psychology’s first retention curve. His graph indicated that the rate of forgetting is very fast for the first few hours following a learning experience 47and very slow thereafter. He also found that overlearning reduces the rate of forgetting considerably. That is, if he continued to study a group of syllables even after they had been mastered, they would be retained much longer than if he stopped after only one perfect recitation of the syllables.

Ebbinghaus also studied the effects of what is now called meaningfulness on learning and retention. He found, for example, that it took nine readings to memorize eighty syllables of material from Byron’s Don Juan but about nine times as many exposures to learn eighty of his syllables. Not only was the learning rate much faster for the more meaningful material but also retention was far superior.

Ebbinghaus’s research revolutionized the study of the associative process. Instead of hypothesizing about the law of frequency, he demonstrated how it functioned. Ebbinghaus brought the “higher mental processes” into the laboratory, where they have been ever since.



Psychology’s Early Schools


Voluntarism

Psychology’s first school was voluntarism, and it was founded by Wilhelm Maximilian Wundt (1832–1920), who followed in the German rationalist tradition. Wundt founded what is generally considered to be psychology’s first experimental laboratory in 1879, and its major goals were to discover the elements of thought and the basic processes that govern conscious experience. Wundt’s goals were to study consciousness as it was immediately experienced and to study the products of consciousness such as various cultural achievements. Wundt believed that immediate consciousness could be studied scientifically as a systematic function of environmental stimulation.

[image: A black-and-white portrait of an older person with a long, full beard. He is wearing round eyeglasses and a dark suit, with the white collar of a shirt visible. The person is facing left. The background is plain.]Wilhelm Wundt. Source: Bettmann/Getty Images.

For Wundt, however, experimental psychology was of limited usefulness in studying the human mind. The most important aspects of the mind could be studied only indirectly by studying its products, such as religion, morals, myths, art, social customs, language, and law. These products of the mind could not be studied experimentally but only through naturalistic observation. That is, they could be studied only as they occurred historically or in the process of living. Wundt spent the last twenty years of his life writing his 48ten-volume Völkerpsychologie (group or cultural psychology), in which he described his observations concerning the cultural behaviors mentioned previously.

In accordance with the German rationalistic tradition, Wundt was primarily interested in human will. He noted that humans could selectively attend to whatever elements of thought they wanted, causing those elements to be perceived clearly. Wundt referred to this selective attention as apperception. Also, the elements of thought could be willfully arranged in any number of combinations, a process Wundt referred to as creative synthesis. It was because of Wundt’s emphasis on will that his school of psychology is called voluntarism.



Structuralism

When aspects of Wundt’s voluntarism were transferred by his students to the United States, they were significantly modified and became the school of structuralism. Edward Titchener (1867–1927) created the school of structuralism at Cornell University. Structuralism, like Wundt’s voluntarism, was concerned with the systematic study of human consciousness, and it, too, sought the elements of thought. In analyzing the elements of thought, the major tool the voluntarists and the structuralists used was introspection.

Experimental participants had to be carefully trained not to misuse the introspective technique. They were trained to report their immediate experience as they perceived an object and not to report their interpretations of that object. In other words, Wundt and Titchener were interested in participants’ “raw” experiences but not in what they had learned about those experiences. In that sense, learning was looked on as more of a hindrance than a topic worthy of study for itself. When shown an apple, for example, the participant was supposed to report hues, brightnesses, and spatial characteristics rather than labeling the object as an apple. Naming the object of experience during an introspective report—for example, calling an apple an apple—was called a stimulus error. In other words, if the participant reports a compound idea rather than simple ones, the building blocks of the mind remain obscure. Clearly, the voluntarists and the structuralists were more interested in the contents of the mind than in the origins of those contents.

A search for the elements of thought was essentially all that voluntarism and structuralism had in common. In explaining how the elements combine to form complex thoughts, voluntarism stressed the will, apperception, and creative synthesis— following in the rationalistic tradition. In other words, voluntarists postulated an active mind. In their explanation of the formation of complex thoughts, structuralists stressed the laws of association—following in the empiricist tradition. In other words, they postulated a passive mind. Therefore, to equate voluntarism and structuralism, as is often done, is incorrect.

As a school of psychology, structuralism was short-lived and died within Titchener’s own lifetime. There were many reasons for the death of structuralism, but the most 49important was probably the rising popularity of functionalism, which we consider in this chapter. The structuralists made a rather sterile attempt to use the methods of science to substantiate an ancient philosophical belief—that is, that simple ideas are combined into complex ones via the laws of association. It failed to take into consideration one of the most important developments in human history—the doctrine of evolution. As the importance of the evolutionary process became more apparent, increased attention was given to the organism’s adaptation to its environment. Also, the doctrine of evolution made the study of “lower” animals a legitimate way of learning about people. Structuralism ignored both of these trends. It also ignored the growing evidence for the existence of unconscious processes that was being provided by researchers such as Freud. Finally, the structuralists opposed applied psychology, which was growing in popularity. They believed that knowledge concerning consciousness should be sought for its own sake without concern for its usefulness. For these and other reasons, structuralism came and went. It has been said that perhaps the most important thing about structuralism was that it appeared, it was tried, and it failed.



Functionalism

Functionalism also originated in the United States and initially coexisted with structuralism. Although functionalist beliefs diverged, their emphasis was always the same—the utility of consciousness and behavior in adjusting to the environment. Clearly, the functionalists were strongly influenced by Darwin’s doctrine of evolution.

The founder of the functionalist movement is usually thought to be William James (1842–1910). In his highly influential book, The Principles of Psychology (1890), James took the structuralists to task. Consciousness, he said, cannot be reduced into elements. Rather, consciousness functions as a unity whose purpose is to allow the organism to adjust to its environment. The “stream of consciousness” changes as total experience changes.

[image: A black-and-white portrait of an older man with a full beard and a moustache. He is wearing a high-collared shirt and a suit. The background is plain.]William James.
Such a process cannot be reduced to elements because a person’s conscious processes, as a whole, are involved with adaptation to that person’s environment. The most important thing about consciousness, as far as James was concerned, was that it had a purpose. James also wrote about the importance of studying psychology scientifically. He emphasized that humans were both rational and irrational (emotional). He pointed out the importance of 50understanding the biological foundations of mental events and urged the study of lower animals to learn more about humans. Many of James’s ideas are still current. It should be noted that James had a significant influence on psychology, both through his writings and through his ability as an inspirational teacher. Many consider James to be one of the greatest psychologists of all time.

In addition to James, two of the most influential members of the functionalist movement were John Dewey (1859–1952) and James R. Angell (1869–1949). In Dewey’s (1896) famous article “The Reflex Arc Concept in Psychology,” he attacked the growing tendency in psychology to isolate a stimulus–response relationship for study. He argued that isolating such a unit for study was a total waste of time because the purpose of behavior is overlooked. The goal for psychology should be to study the significance of behavior in adapting to the environment. Angell’s main contribution was that he built up a department of psychology at the University of Chicago around the functionalistic point of view.

The main contribution the functionalists made to learning theory is that they studied the relationship of consciousness to the environment rather than studying it as an isolated phenomenon. They opposed the introspective technique of the structuralists because it was elementistic, not because it studied consciousness. The functionalists were not opposed to studying mental processes but insisted that they should always be studied in relationship to survival. Unlike the structuralists, the functionalists were very interested in applied psychology. Most functionalists believed that one of their major goals should be to furnish information that could be used to improve the human condition.
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Behaviorism

The founder of behaviorism was John B. Watson (1878–1958), who noted that consciousness could be studied only through the process of introspection, a notoriously unreliable research tool. Because consciousness could not be reliably studied, he said, it should not be studied at all. To be scientific, psychology needed a subject matter that was stable enough to be reliably measured, and that subject matter was behavior. Watson felt that the main concern for the psychologist should be behavior and how it varies with experience. Leave the study of consciousness to the philosophers, he said. Thus, what was the focal point 51of epistemological inquiry for thousands of years was looked on by the behaviorist as only a hindrance in the study of human behavior.

There should be no more introspection, no more talk of instinctive behavior, and no more attempts to study the human conscious or unconscious mind. Behavior is what we can see, and, therefore, behavior is what we study. According to Watson (1913),


Psychology as the behaviorist views it is a purely objective experimental branch of natural science. Its theoretical goal is the prediction and control of behavior. Introspection forms no essential part of its methods, nor is the scientific value of its data dependent upon the readiness with which they lend themselves to interpretation in terms of consciousness. The behaviorist, in his efforts to get a unitary scheme of animal response, recognizes no dividing line between man and brute. The behavior of man, with all its refinement and complexity, forms only a part of the behaviorist’s total scheme of investigation. (p. 158)



Elsewhere, Watson said (Watson & McDougall, 1929),


The behaviorist cannot find consciousness in the test tube of his science. He finds no evidence anywhere for a stream of consciousness, not even for one so convincing as that described by William James. He does, however, find convincing proof of an ever-widening stream of behavior. (p. 26)



Watson was enthusiastic about his work and its implications. He saw behaviorism as a means of stripping ignorance and superstition from human existence, thereby paving the way for more rational, meaningful living. Understanding the principles of behavior, he thought, was the first step toward that kind of life. Watson (1925) said,


I think behaviorism does lay a foundation for saner living. It ought to be a science that prepares men and women for understanding the first principles of their own behavior. It ought to make men and women eager to rearrange their own lives, and especially eager to prepare themselves to bring up their own children in a healthy way. I wish I had time more fully to describe this, to picture to you the kind of rich and wonderful individual we should make of every healthy child; if only we could let it shape itself properly and then provide for it a universe unshackled by legendary folk lore of happenings thousands of years ago; unhampered by disgraceful political history; free of foolish customs and conventions which have no significance in themselves; yet which hem the individual in like taut steel bands. (p. 248)



Clearly, Watson was a rebel. He took the various objective approaches to the study of psychology that were appearing here and there and, through his forceful writing and speaking, organized them into a new school of psychology. Unfortunately, Watson’s career as a professional psychologist was cut short when he was asked to leave Johns Hopkins University because of marital troubles leading to divorce. The same year he left the university, he married Rosalie Rayner, with whom he did the famous study with the infant named Albert (we discuss this study in Chapter 7), and went into the 52advertising business. From that point on, instead of writing in professional journals, Watson published his ideas in McCall’s, Harper’s, and Collier’s magazines.

Watson never wavered from his behaviorist outlook and, in 1936, he had the following to say about the position he took in 1912:


I still believe as firmly as ever in the general behavioristic position I took overtly in 1912. I think it has influenced psychology. Strangely enough, I think it has temporarily slowed down psychology because the older instructors would not accept it wholeheartedly, and consequently they failed to present it convincingly to their classes. The youngsters did not get a fair presentation, hence they are not embarking wholeheartedly upon a behavioristic career, and yet they will no longer accept the teachings of James, Titchener, and Angell. I honestly think that psychology has been sterile for several years. We need younger instructors who will teach objective psychology with no reference to the mythology most of us present-day psychologists have been brought up upon. When this day comes, psychology will have a renaissance greater than that which occurred in science in the Middle Ages. I believe as firmly as ever in the future of behaviorism—behaviorism as a companion of zoology, physiology, psychiatry, and physical chemistry. (p. 231)



Watson had two lasting effects on psychology. First, he changed psychology’s goal from attempting to understand consciousness to the prediction and control of behavior. Second, he made behavior psychology’s subject matter. Ever since Watson, essentially all psychologists study behavior. Even cognitive psychologists use behavior to index postulated cognitive events. For this reason, it can be said that all contemporary psychologists are behaviorists.




Overview

From the brief history presented in this chapter, it can be seen that learning theory has a rich and diverse heritage. As a result of this heritage, numerous viewpoints concerning the learning process exist today. In Chapter 2, we referred to a point of view shared by a substantial number of scientists as a paradigm. At least five such points of view can be identified among modern theories of learning.

One paradigm we refer to as functionalistic. This paradigm reflects the influence of Darwinism in that it stresses the relationship between learning and adjustment to the environment. A second paradigm we refer to as associationistic because it studies the learning process in terms of the laws of association. This paradigm originated with Aristotle and was perpetuated and elaborated on by Locke, Berkeley, and Hume. The third paradigm we label cognitive because it stresses the cognitive nature of learning. This paradigm originated with Plato and came to us through Descartes, Kant, and the faculty psychologists. The fourth paradigm is referred to as neurophysiological because it attempts to isolate the neurophysiological underpinnings of such things as learning, perception, thinking, and intelligence. This paradigm represents a current manifestation of a line 53of investigation that started with Descartes’s separation of the mind and the body. The current goal of most neurophysiological psychologists, however, is to reunite mental and physiological processes. The fifth paradigm is referred to as evolutionary because it emphasizes the evolutionary history of the learning organism. This paradigm focuses on the ways in which evolutionary processes prepare organisms for some kinds of learning but make other kinds difficult or impossible.

These paradigms should be viewed as only very crude categories because it is difficult to find any theory of learning that fits unambiguously into any one of them. We place a theory in a particular paradigm because of its major emphasis. However, within almost every theory, certain aspects of other paradigms can be identified. For example, even though Hull’s theory is listed under the functionalistic paradigm in the following chart, it relies heavily on associationistic ideas. Similarly, Piaget’s theory is listed under the cognitive paradigm only because of its major emphasis. Piaget’s theory, as much influenced by Darwinism as any other, has a great deal in common with the theories listed under the functionalistic paradigm. Tolman’s theory (see Chapter 12) is also difficult to categorize because it has both functionalistic and cognitive elements. We list it as a cognitive theory only because the main emphasis of the theory is cognitive. Likewise, Hebb’s theory (see Chapter 14), although its major emphasis is neurophysiological, also stresses cognitive events. In fact, Hebb’s theory can be looked on as an effort to describe the neurophysiological correlates of cognitive experiences.

With these reservations in mind, the major theories of learning covered in this book are organized as follows:


Functionalistic Paradigm

Thorndike

Skinner

Hull

Associationistic Paradigm

Pavlov

Guthrie

Estes

Cognitive Paradigm

Gestalt theory

Piaget

Tolman

Bandura

Neurophysiological Paradigm

Hebb

Evolutionary Paradigm

Bolles



Which paradigm is correct? Probably, all of them. No doubt they all emphasize certain truths about the learning process and ignore others. At this point in history, it appears that, to obtain the most accurate picture of the learning process, one must be willing to view it from a number of different angles. Ultimately, one’s perspective will influence how phenomena and data from experiments are interpreted, as we mentioned in Chapter 2. Thelma Lavine (1950) once pointed out that in trying to understand something we are to some extent creating the very things we are trying to understand. We hope that this book will prepare students to perceive the limitations of the particular 54viewpoints described in the following chapters as well as help students appreciate the contributions these theorists have made to the discoveries leading to a more complete comprehension of learning.



Chapter Summary

Over the millennia in Western civilization, numerous philosophers have contributed to the foundational knowledge and perspectives that inform our current understanding of learning. Indeed, the early Greeks as revealed in Plato’s and Aristotle’s work were deeply engaged in efforts to understand the very nature of knowledge—that is, epistemology. Their treatises laid the foundation for many philosophical explorations in subsequent centuries. As a rationalist, Plato believed that reasoning was the gateway to knowledge. He was deeply influenced by the Pythagoreans, who argued that abstract notions such as numbers existed independently and could influence the physical world. According to Plato, all knowledge is but a reminiscence of our souls’ experiences in heaven, thus making Plato a nativist. Aristotle, while a rationalist like Plato, was an empiricist who believed that knowledge is acquired through both experience and reasoning. Elements of his concept of associationism appear in many of the theories discussed in the following chapters.

The first notions of modern psychology were largely based in philosophical thought as evident in René Descartes’s intellectual inquiry. He postulated a separation between mind and body, though the two could interact via the pineal gland. Furthermore, echoing Plato’s thinking, he proposed that our knowledge was due in large measure to innate ideas. A contemporary of Descartes, Thomas Hobbes disagreed strongly with his notion of innate knowledge, as did John Locke, who introduced the notion of the tabula rasa. Hobbes and Locke both believed that knowledge is gained from experience. These early philosophical explorations of the foundations of knowing laid the basis for subsequent important developments seen in work by philosophers such as George Berkeley, David Hume, Immanuel Kant, John Stuart Mill, and Thomas Reid. Although Franz Joseph Gall’s contributions as the founder of phrenology are somewhat mixed because his investigative methods were dubious, his argument that all our moral and mental faculties reside in the substance of the brain was particularly noteworthy. Perhaps one of the most important scientific figures in the 19th century, Charles Darwin was deeply influential in the development of modern learning theory. His evolutionary theory established a continuity between animals and human beings that had been denied for centuries. Importantly, his thinking opened the doors to conceptualizing behavior as a mechanism by which organisms adapt to their changing environments, which is reflected in many modern theories of learning.

The flowering of psychological inquiry occurred in the 19th century with the establishment of several early schools of thought: voluntarism, structuralism, functionalism, and behaviorism. Wilhelm Maximilian Wundt founded the first psychological school of thought known as voluntarism in Germany. Indeed, he founded what is widely acknowledged as the first experimental laboratory in the late 19th 55century, which was focused on elucidating the elements of thought and governing processes of conscious experience. Structuralism was established by Edward Titchener in the United States. Structuralism, similar to voluntarism, was based on the introspective method; however, voluntarists believed that the mind was active, while structuralists stressed the laws of association and saw the mind as passive. Functionalism was begun by William James in the United States in the 1890s after James published his book The Principles of Psychology (1890). James did not believe that the mind could be reduced to elements, and instead believed that consciousness was best understood as a unity facilitating an organism’s adaptation to its environment. The last school of thought we explored in Chapter 3 is behaviorism, one of the most successful and enduring psychological schools of thought. Behaviorism, founded by John B. Watson in the 20th century and later carried on by psychologists such as Skinner (Chapter 5) and Hull (Chapter 6), is rooted in the notion that behavior was the subject matter of psychology, and behaviorism’s overarching goals are to predict and control behavior.



Discussion Questions

	Compare Plato’s theory of knowledge with that of Aristotle. Define the terms rationalism, nativism, and empiricism in your answer.
 	Summarize Descartes’s influence on psychology.
 	Briefly describe what Kant meant by an “innate category of thought.”
 	Summarize Reid’s argument against Hume’s skepticism.
 	Discuss phrenology and the theory of the mind on which it was based.
 	Discuss Darwin’s influence on learning theory.
 	What was the significance of the work of Ebbinghaus as far as the history of learning theory is concerned?
 	Summarize the important features of the schools of voluntarism, structuralism, functionalism, and behaviorism.
 	What caused the downfall of structuralism?
 	What were the lasting effects of Watson’s behaviorism on contemporary psychology?
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