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Abstract 

Cognitive science has replaced behaviourism as the dominant force within contemporary 

psychology. Psychology is purported to be a rational science, yet this most recent 

paradigmatic shift cannot be rationally explained or justified. 

Modern and sophisticated behavioural theories meet the accepted criteria for good 

explanatory theory within a rational science, while modern cognitive theories do not. 

Sophisticated forms of behavioural theory exhibit explanatory power and plausibility. In 

contrast, all cognitive theories are based upon a set of fundamentally flawed assumptions 

that preclude the development of plausible psychological explanation. In spite of claims to 

the contrary, modern cognitive theories continue to exhibit these logical flaws. 

Moreover, any plausible interpretations or aspects of modern cognitive theories are those 

compatible with the assumptions of behaviourism and devoid of cognitive explanatory 

constructs. 

Cognitive psychology is based upon assumptions of rationality, yet its current dominance 

cannot be rationally justified. Behaviourism rejects the premise of rational action, yet is 

acceptable according to the criteria of a rational science. Such a state of affairs can only be 

explained from within a behavioural framework. 
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CHAPTER 1 

Introduction 

The behavioural and cognitive approaches within psychology both have their beginnings in 

the early part of this century. While neither approach has ever been completely abandoned, 

there have been distinct shifts in their relative popularity. For the early and middle parts of 

the present century the behavioural paradigm was both theoretically and methodologically 

dominant. The first form of cognitive psychology grew to significantly rival the behavioural 

approach during the 1930's with the work of Tolman (e.g., Tolman, 1932). Subsequently 

however, the influence of this early cognitive approach lessened as the popularity of 

behaviourism reached its height. It was not until the 1960's that a form of psychology based 

upon similar assumptions to those of Tolman regained substantial backing.1 This cognitivist 

revival has continued to the present day where the cognitive approach is arguably the 

dominant force in contemporary psychology. The shift in support from behaviourism to modern 

cognitive science marks the most recent paradigmatic shift in psychology. 

Given that modern psychology is purported to be a scientific and hence rational 
endeavour, it is commonly assumed that paradigmatic shifts within psychology occur either 

because the outgoing paradigm has been proven to be inadequate, or the incoming paradigm 

has been proven to be in some way superior. It is also assumed that the adequacy of a 

paradigm in psychology is determined according to accepted scientific criteria. Commonly 

accepted criteria for the adequacy of a theoretical approach in psychology include the 

explanatory power of the approach, and the plausibility (logical and physiological) of the 

theoretical constructs upon which any explanation is based.2 The assumption of rational 

1 Early and contemporary forms of cognitive psychology share assumptions of causal knowing and 
rational mental behaviour such as testing and decision-making; See Zuriff, 1985, p. 112, and Chapter 
Three of this thesis. 

2e.g., Laudan (1977, p. 119) argues that the adequacy of a theory is judged according to its problem
solving capabilities (explanatory power) and the number of apparent "anomalies and conceptual 
problems" within that theory (i.e., plausibility). The adequacy of a theoretical framework is judged 
according to the success of its most recent constituent theories. See also Churchland (1985), p.41-44, 
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paradigmatic change is evident in popular explanations of the recent resurgence of cognitive 

psychology. 

Early cognitive theories are based upon a set of explanatory constructs that exhibit 

serious logical flaws.1 More specifically, the causal constructs within these early cognitive 

theories have been shown to be either problematic or vague. It is also argued that such 

problems are inherent in the fundamental assumptions of the cognitive approach, and will 

therefore be manifest in any instance of explanatory theory that is built according to the 

guidelines of the cognitive paradigm.2 

The discovery of these seemingly fundamental problems was a major factor responsible 

for the initial demise of the early form of cognitive psychology. Also responsible for the 

downturn in support for the cognitive approach was the parallel rise in the popularity of 

behaviourism. The behavioural paradigm came to dominate psychology for roughly thirty 

years because of its pragmatic and theoretical appeal. At the time behaviourism was seen as 

more compatible with scientific criteria than either its predecessors or current competitors. 

Behaviourism offered scientific guidelines for experimental and applied psychology as well 

as guidelines for the development of strong explanatory theory. 

During the 1960's, however, the influence of behaviourism lessened as the resurgence of a 

modern form of cognitive psychology began. It is often assumed and sometimes argued that 

this most recent paradigmatic shift occurred because of the theoretical limitations or 

inadequacies that became apparent within behaviourism. It is further assumed that the 

cognitive paradigm is now dominant within contemporary psychology because it offers a 

theoretically and experimentally more powerful alternative to its predecessor. Obviously for 

this to be the case the logical problems that were seemingly inherent in the cognitive 

approach must have been overcome. Both of these assumptions must in fact be made if 

psychology is to be viewed as a rational science. As mentioned earlier, changes such as 

paradigmatic shifts should only occur in situations where the incoming paradigm represents 

an improvement over the old approach in terms of accepted scientific criteria. 

It is the aim of this thesis to show that this most recent paradigmatic shift in 

psychology does not in fact reflect the relative rational or scientific merits of the outgoing 

behavioural and incoming cognitive paradigms. In contrast to what is popularly assumed, it 

will be argued that sophisticated behavioural theory remains both plausible and powerful, 

while modern cognitive theory continues to exhibit the types of logical problem that have 

traditionally been associated with the cognitive approach. It is thus proposed that the most 

recent paradigm shift in psychology fails to conform to the criteria for change within a 

rational science. In order to show this to be the case, evidence for the following set of 

hypotheses will be presented. 

and Kuhn's (1977) ideas of "accuracy'', "scope", and "consistency'' within a theory and of a theory with 
related areas of science. 

1e.g., Guthrie (1960), especially p. 143 and pp. 198-199 for the problem of the homunculus. See also 
MacCorquodale and Meehl (1953) and (1954) concerning problems of deriving behaviour from 
knowledge. 

2Skinner (1977a), and Chapter Three. 
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1) The basic assumptions of a modern version of functional stimulus-response 

behaviourism allow for the production of powerful and plausible explanatory theory. More 

specifically, the behavioural paradigm promotes the use of causal explanatory constructs and 

methods of theory development that enable the construction of unproblematic and useful 

psychological theory. 

2) By way of contrast, the cognitive approach is based upon an inherently flawed set of 

explanatory causal constructs. These constructs are a defining feature of the cognitive 

paradigm and consequently any theory developed within the cognitive framework will be 

incomplete or untenable. Problems of causality have plagued cognitive psychology since its 

inception. 

3) In spite of claims to the contrary, modern cognitive theories continue to display the 

traditional problems of the cognitive approach. 

4) Any aspects or possible interpretations of modern cognitive theory that appear 

plausible are modelled upon or consistent with the behavioural approach to theory 

development. The plausible components of modern cognitive theories are those devoid of 

cognitive causal constructs. 

5) The demise of behaviourism and the resurgence of cognitive psychology is not 
therefore due to the deficiencies of behavioural theory, nor is it due to the proficiencies or 

new-found plausibility of the cognitive approach. 

The remainder of this thesis provides arguments in support of these hypotheses. Chapter 

Two outlines a behavioural meta-theory or framework that is intended to portray the 

potential power and plausibility of any psychological explanation developed within the 

behavioural paradigm. Chapter Three presents a definition of modern cognitive psychology 

which is then followed by an analysis of the problems inherent in such an approach. The focus 

in Chapter Three is upon the cognitive view of causality that underlies all examples of 

cognitive explanation. 

Following the general discussion of the behavioural and cognitive paradigms, attention 

will then focus upon specific instances of modern cognitive theory. Two major types of 

contemporary cognitive theory are outlined and analysed in order to show that the 

traditional problems of cognitive psychology (presented in Chapter Two) are still manifest 

within modern cognitive explanation. This discussion also serves to point out that the tenable 

aspects of modem cognitive theory are those compatible with the fundamental assumptions of 

behaviourism. Chapter Four provides a summary and analysis of semantic network models of 

memory and cognition. Chapter Five deals with production system theories of mental 

functioning. 

Overall then, this thesis aims to show that the latest paradigm shift within 

psychology has occurred in spite of the fact that behavioural theory remains both powerful 

and plausible while modern cognitive theory continues to exhibit the logical problems that 

have traditionally undermined the cognitive approach. The current dominance of cognitive 

science can therefore be seen as inconsistent with the currently accepted criteria for change 

within a rational science. 



CHAPTER2 

Stimulus Response Psychology 

It is hypothesised that the behavioural paradigm has lost its dominance within psychology 

in spite of the fact that a behavioural approach allows for the production of powerful and 

tenable explanatory theory. It is the purpose of this chapter to substantiate this claim 

through the presentation of a modern and sophisticated form of behavioural theory that 

meets all the accepted criteria for good psychological explanation. The theory presented 

below will thus exhibit the ability to explain a full range of psychological phenomena, and 

will be based upon a set of unproblematic explanatory constructs and theoretical assumptions. 

Furthermore, it will be shown that specific explanations derived from this theory are 

internally consistent and self-contained. In other words, a behavioural explanation will not 

refer to, or rely upon, the hypothesised influence of causal constructs that lie outside the scope 

of that explanation. 

The behavioural theory outlined below is primarily a functional derivative of stimulus

response behaviourism. Many aspects of this theory are however also compatible with the 

tenets of the radical behaviourism outlined initially by B.F Skinner. The contents of this 

chapter can therefore be seen as a true synthesis of the most powerful components of all 

existing forms of behaviourism. This synthesis is one of considerable explanatory power, yet 

remains consistent with the fundamental tenets of behaviourism. 

A comprehensive description of stimulus-response theory is also presented in order to 

dispel many commonly held misconceptions of what a behavioural approach really involves. 

Too often the complete behaviourist paradigm is rejected because of the shortcomings of one 

particularly primitive and naive version of behavioural theory. 

The discussion of S-R theory will begin with a description of the primitive form of 

behaviourism that is most commonly criticised, and the inadequacies of such a model will be 

made apparent. With an obvious need for the modification of such a model, the remainder of 

the chapter will involve the presentation of the modern synthesis of behavioural theory. Not 

only will a sophisticated version of S-R theory be outlined, but it will also be argued that 

such an approach has certain advantages over rival theories in psychology. While the form 
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of stimulus-response theory presented here can be seen as a radical extension of the early, 

primitive notions of behaviourism, it will also be shown that such a theory nevertheless 

remains true to the basic tenets of behaviourism. 

The Simple S-R Reflex Thesis - An Inadequate Model of Behaviour 

Early behaviourist theories such as that of Watson, were based upon a very simple conception 

of the production of behaviour. This simple "S-R reflex thesis" (Zuriff,1985,p. 100) is the type 

of behaviourist theory that is most often focused upon by would-be critics of the complete 

behaviourist paradigm. What the critics of behaviourism fail to grasp, is that the obvious 

failings of the simple reflex thesis have been apparent to the behaviourists themselves since 

the 1930's, and this realisation has lead to the successful development of mature S-R 

behaviourist theory. 

Since the reflex thesis version of behaviourist theory is the one most commonly refuted 

by modern cognitivists, it is useful to present its basic premises and failings, as an introduction 

to the description of 'modem' S-R theory. 

A basic statement of the simple S-R reflex thesis holds that all behaviour can be 

analysed and described in terms of discrete, observable movements. Each discrete unit of 

behaviour is seen as having been elicited by an immediately preceding and "discrete and 

relatively brief impinging of energy on a sensory receptor" (Zuriff, p.101; italics added). In 

this context the activation of a sensory receptor constitutes a sensory stimulus event. 

Behaviour is thus caused by, and lawfully related to an antecedent sensory stimulus. The 

stimulus and the produced response are always temporally contiguous. Also according to the 

reflex thesis, behaviour cannot be produced in the absence of an antecedent eliciting stimulus. 

A stimulus is therefore not only a sufficient cause for the elicitation of a response, but is also a 

necessary condition for the occurrence of its related response. Lastly, the relationship between 

a sensory event, acting as a stimulus, and the elicited response is invariable. The same 

stimulus will always elicit the same response. 

STIMULI (ORGANISM) RESPONSES 

A .. .. A' 

B .. .. B' 
C .. .. C' 
D ... .. D' 
E .. .. E' 
F .. ... F' 

Figure 1.1. The Simple S-R Reflex Thesis (Black Box) model of behaviour. A response is only 
ever elicited by its corresponding environmental stimulus. Stimulus-response pairs are 
discrete, and continuous behaviour is only ever achieved when a succession of environmental 
stimuli occur contiguously. Thus, for the ordered set of responses A', B', D', F' to occur, the 
ordered set of environmental stimuli A, B, D, F must contiguously impinge upon the receptors of 
the organism. 
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This view of the production of behaviour is commonly described as the "black box" 

approach within psychology. There is no need, according to this model, to talk of any 

mechanisms residing within the organism. The continuity of behaviour elicited by any 

organism is seen as directly and invariably reflecting a continuity in the stimulus events that 

have been sensed by that organism. Figure 1.1 portrays the relationships between the 

organism, environmental stimuli, and the elicited responses. The "black box" representing the 

organism can remain blank, since response "A' " is invariably elicited in the same discrete 

form, in the presence of the stimulus event "A". In order for the organism to elicit the series of 

responses described by "B',F',D',A' ", in the context of Figure 1.1, the sensory stimulus events 

"B,F,D,A" must have impinged contiguously and in that order, upon the senses of the 

organism. Serial concatenation of overt stimulus-response events is thus the only form of 

behavioural organisation allowed under the reflex thesis. Explanation of any behavioural 

event can therefore be in terms of observable sensory stimuli, and the related observable 

responses of the organism. In both the empirical and theoretical contexts then, observable and 

discrete stimulus and response objects provide the only legitimate terminology. 

The Limitations of the Simple S-R Reflex Thesis 

The major limitation of this approach comes from the implication inherent in this thesis that 

the structure of exhibited behaviour necessarily corresponds in a one-to-one manner to the 

structure of the environment as it is sensed by the organism. Behaviour can therefore never be 

free of a strict one-to-one environmental control, and can only ever directly mirror the 

sequential structure of environmental events. It is this restriction, combined with the 

limitation to observables, that causes the theory to be so weak. The result of these restrictions 

is to limit the explanatory scope of the thesis to behaviours that have an organisation no 
more complex than the additive concatenation of discrete events. Each stimulus-response 

event in an ongoing series of such events, is completely independent of all others. The only 

factor that makes their occurrence a 'series' at all, is that the stimulus events are temporally 
contiguous. Causally, they remain independent. These stimulus-response events cannot 

therefore interact in any manner. This precludes even the simplest forms of association 

between discrete stimulus-response events, such as the serial (causal) 'chaining' of these 

stimulus-response units. 

The independent nature of each overt stimulus-response event acts to limit the influence 

of learning on behaviour. The reflex thesis allows the all-or-none and isolated association of 

an observable stimulus and an observable response. The ability of an organism's learning 

history to in any way capture the complexity or subtelties of that organism's interactions 

with the environment is thus exceedingly poor. 

Overall then, the severe limitations that this theory places upon the allowable 

organisation of behaviour and upon the extent of learning, makes it unable to account for many 

of the more complex psychological phenomena. Many aspects of human behaviour, for 

example, display a distinct lack of reliance on immediate antecedent events. Organisms can 

display flexibility in their responses in an apparent attempt to achieve some goal. As is also 

the case with 'semantics' in language, such behaviour exhibits an organisation or pattern that 
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must rely upon factors more complex than the serial concatenation of independent stimulus

response events. 

The exhibition of apparently novel responses is a further example of behaviour that 

seems impossible to explain from within the simple reflex thesis model. The act of 

remembering a past event is an example of this phenomenon. Often, the verbal response 

involved in 'remembering' has not been elicited before in that form, yet is seemingly causally 

linked to the occurrence of some previous and temporally distant event. This raises two 

related problems for a simple behaviourist theory. First, it implies that the production of 

behaviour involves more than the re-enaction of some previously learned and discrete 

stimulus-response event. The behaviour simply has not been previously exhibited. Second, 

there is the implication that learning has occurred in the absence of a discrete, observable 

response. Both behaving and learning then, involve more than can be accounted for by the 

principles of the reflex thesis. Furthermore, the restriction of both theory and empirical 

investigation to observable units, appears unwarranted. If the influence of learning is 

demonstrated in the remembering of an historical event, yet that learning occurred in the 

absence of an overt response, there seems no way to avoid the introduction of covert or 'mental' 

constructs into any tenable explanation. This point also raises the issue of whether the 

principles that define valid empirical investigation remain appropriate in the context of 

explanatory theory. This idea will be developed in the following section. 

The final obvious deficiency with the simple behaviourist approach also concerns 

observability. The reflex thesis deals only with observable stimulus and response events, 

which automatically precludes its application to the explanation of conscious experience. 

While it is possible, and perhaps very useful, to conceptualise experience as a type of 

response, such events nevertheless fall outside the narrow theoretical scope of the reflex 

thesis. The phenomenon of conscious experience is of course an absolutely central and defining 

feature of psychology. Thus, any major theoretical paradigm such as behaviourism, that 

ignores the entire field of phenomena that relate to conscious experience, will be unable to 

achieve any substantial level of theoretical credibility. 

The glaring inadequacies of such a theory of behaviour, provided an incentive for the 

development of more powerful and sophisticated explanations of behaviour and experience. 

Consequently, there has been the development of a wide variety of more tenable stimulus

response theories. The inadequacies of the simplistic early behaviourist model were also a 

major cause of the production of the rival cognitivist theories in psychology. 

Even though the modern versions of S-R behaviourism had to discard many of the basic 

premises of the early reflex thesis, these theories still exhibit certain restrictions or 

assumptions that distinguish them as truly 'behaviourist'. 

What defines a Truly "Behaviourist" Approach? 

Zuriff (1985) has addressed the issue of what remains of the simple reflex thesis after the 

later liberalisation of behaviourist theory. His conclusions may thus provide an indication of 

what remains as the essential core of a behaviourist approach in psychology. Zuriff proposed 

that the development of behaviourism led to a distillation and weakening of the constraints 
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contained in the reflex thesis, until the only general defining characteristic left could be 

summed up in the statement that 

"all behaviour is a dependent variable causally or 
functionally related to environmental independent variables." 
(p. 108) 

This particular comment is general enough to encompass both stimulus-response and 

radical behaviourist theory. While this statement implies a consistent relationship between 

behaviour and environment, it purposely avoids the further implication that a stimulus acts 

as an antecedent and causal influence in the elicitation of a response. This is done to ensure 

that the statement is of a sufficiently general form so as to include the radical behaviourist 

approach. If the aim, as it is here, is to define a specifically stimulus-response type of 

behaviourism, Zuriff offers a more focused view of what is left of the early behaviourist 

tradition: 

"Behavior consists of [a determined set of] responses, each 
caused by antecedent events acting on the senses, internal or 
external. Stimuli "elicit" only in the sense that they are 
causally related to responses." (p.106; brackets added) 

The statements of Zuriff mentioned above provide a good starting point for a fuller definition 

of the stimulus-response behaviourist paradigm. 

An explicit definition of the S-R approach involves five basic interrelated premises: 

1) All psychological phenomena are functionally-defined [sets 

of] responses, that are "elicited" by [a set of] functionally-

defined stimuli. The occurrence of phenomena is therefore 

caused by antecedent stimulus events. Stimuli "elicit" responses 

only in that a specific set of stimuli must be present in order for 

the associated response pattern to occur. The exact form of a 

response that is produced by a set of stimuli, depends upon the 

combined influence of all the relevant stimulus-response 

relationships existing at that time. 

The nature of the causal relationship or association between a 

stimulus and a response is due to the previous (antecedent) 

experience of the organism or species. 

Any complete description or explanation of the occurrence of a 
particular psychological phenomenon or response, is thus 
entirely in terms of antecedent events, whether they be the 

immediate eliciting stimuli, the past experience of the 

organism, or the evolutionary history of the species. 

2) Behaviour is determined. Stimuli and responses are 

associated in a causal manner that is fixed by the learning 

history of the organism and species. At any given instant, for 

any specific set of eliciting stimuli, there will be a unique and 
determined response associated with that set of stimuli. 



Unique, in this context, simply means that there will only ever 

be one possible response to a specific stimulus, at a specific time. 

All psychological phenomena are thus unique and determined 
responses. The possibility of successful prediction and control 

comes from this deterministic view of the causal relationship 

between antecedent events and responses. 

4) The assumption that all psychological phenomena share an 

identical status, is an example of the wider behaviourist 

assumption that there is only one type of phenomenon 

throughout all science. One major reason for adopting this 

monist view of science is to deny that events in the mental 

world are in any significant way different from other types of 

phenomena that are studied. 

5) Lastly, in the application of behaviourist principles, only 

observable stimuli and responses are acceptable units of 

description. Here the aims are traditionally prediction and 

control, and these goals are achieved by the observation and 

specification of regularities between stimulus conditions and 

responses. In the theoretical domain, this restriction does not 

apply. 

9 

Overall then, the behaviourist paradigm sees an equivalence in the status of all 

psychological phenomena, and all these phenomena can therefore be explained by the same 

basic principles. All phenomena are viewed as responses, the elicitation and form of which is 

determined or caused by antecedent events. The fact that behaviour is determined by 

antecedent conditions, and that functional similarities will exist between similar stimulus 

situations, allows for the practical goals of prediction and control. In the use of behaviourist 

principles in practical situations where the aim is the prediction and control of behaviour, 

acceptable descriptive terminology is limited to objective data. 

Any theory that adheres to these premises could be classed as a member of the S-R 

behaviourist paradigm. Given that the overall aim of this chapter is to present a modern 

synthesis of all of the best or most powerful components of stimulus-response behaviourism, 

the next logical step is to overview the basic assumptions and theoretical propositions that 

form the basis of such a theory. 

Overview of Behaviourist Theory 

While many of the remarks to be made in this section are applicable to behaviourism in 

general, there are some aspects of the overview presented here that apply only to S-R 

theories. The components of the theoretical definition that refer specifically to S-R 

behaviourism are those that deal with the causal connection that exists between a stimulus 
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and an elicited response. These propositions stand primarily in contrast to the radical 

behaviourist view of the relationship between a stimulus and an exhibited response (Skinner, 

1974, Chapters 1 and 2). The definition presented here also acts as a preview of the overall 

description of S-R theory that makes up the remainder of the chapter. 

A sophisticated S-R theory contends that behaviour and experience in any given 

situation, are simply a determined response set, that results from the ongoing interaction of 

the elements in the set of stimuli, internal or external, that exist in that situation. The 

causation of behaviour and experience is thus a continuous process, and the delineation of a 

discrete behavioural 'situation' is made by the investigator for the facilitation of the process 

of description. The interaction of the elements of the relevant stimulus set is accomplished 

through the associative organisation of internal and mediating stimulus-response connections, 
that manifests the learning history of the particular organism. The mediating pattern of 

stimulus-response associations that an organism has at any instant in time, thus represents the 

influence of an entire learning history, as it has enhanced a genetically endowed set of 

stimulus-response associations. The principles by which the evolution of these innate 

associations is determined, are essentially identical to the principles by which specific 

behaviours are selected over the lifetime of an organism. 

A 'stimulus' and a 'response' are functionally-defined entities or events, in both the 

behavioural and learning contexts. There is nothing inherent in any theoretical or 

behavioural entity that defines it as a 'response' or as a 'stimulus'. A unit defined as a 

response in the context of one stimulus-response operation can therefore function as a stimulus 

in the context of another. The appropriate functional description of an event as a stimulus, or 

as a response, is thus determined by the role of the event in any given context. The functional 

definition of stimuli and responses dramatically increases the potential theoretical power of 

S-R theory by allowing the mediational chaining of stimulus-response events. The response of 

one operation can be functionally defined as the stimulus of a following event. 

There exists some form of one-way causal relationship between a stimulus, in its function 

as the causal unit, and the response as the elicited result. There is, however no notion of a 

particular stimulus as an invariably sufficient cause for an associated response. The 

relationship is instead probabilistic, depending upon the effects of learning and on the 

interaction with other stimulus-response events. There is also no absolute conception of any 

one stimulus event being necessary for the elicitation of a certain response. More than one 

stimulus may elicit a common response. More correctly, a stimulus is one of many possible 

antecedent and interacting events that causes a particular response or set of responses. 

All psychological phenomena, including overt behaviour, conscious experience, and 

anything describable as 'thought', result from the interplay of stimulus and response events. 

Essentially, they are all the same type of phenomenon. While these phenomena are most 

often conceptualised as responses, they may in fact function as either a stimulus or a response, 

depending on the particular stimulus-response association being described. Thus, a conscious 

experience is a response to some antecedent stimulus conditions, and may also be part of the 

stimulus set in the production of further responses. 

Not only does the present view of S-R theory provide an explanation of all types of 

psychological phenomena, this theory also applies to all levels of explanation. Stimulus-
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response models of organisation and behaviour apply equally well to the description of 

organisation at the neural level as they do to an explanation of the production of complex 

behaviour. Problems of reductionism become less important under such models. 

Learning from a behaviourist perspective, is defined as the automatic change in the 

degree of association between a stimulus and a response, that occurs from ongoing experience. 
Learning provides the fundamental dynamic component in behaviourist theory. Without 

learning, a particular stimulus would always elicit the same response. Learning is therefore 

the process by which patterns of behaviour change over time. 

There is a single primitive principle of learning within the current synthesis of S-R 

theory that subsumes both classical and instrumental conditioning. This principle also 

exhibits features central to a radical behaviourist conception of learning, and its use therefore 

promotes a unification of the entire behaviourist paradigm. This principle is based upon the 

work of Guthrie and states that functionally-defined stimulus and response events that occur 

within a critical temporal distance of each other become automatically associated, and that 

the most recent associations that occur prior to the change or removal of a stimulus, will be 

most strongly associated. The actual implementation of this automatic process is ignored, or 

attributed to the biologically determined events working at the neural level. The change or 

removal of a particular stimulus situation is termed reinforcement. Reinforcement, by 

definition is the selective force that gives added weight to association between a stimulus 

and the events that occurred just prior to the removal of that stimulus. Reinforcement is thus a 

fundamental adaptive force that facilitates the natural selection of appropriate responses. 

The selection of adaptive stimulus-response associations that is achieved through 

learning, has obvious parallels with the Darwinian conception of evolution. These parallels 

make it possible to propose a plausible behaviourist argument for the existence and formation 

of a set of innate stimulus-response associations. This argument utilises the principles of 

learning outlined above, and is completely consistent with the overall behaviourist 

approach. An important ramification of this theoretical development is that it provides a 

legitimate inherited basis for behaviour, upon which the process of learning can then build. 

Adequate behaviourist theory also includes the explicit recognition of two significant 

divisions that exist in the process of the behaviourist describing behaviour. The first of these 

is the division between the theoretical and the empirical modes of operation. The 

behaviourist can function in either of these modes and must be aware of the different goals 

and restrictions that apply. In the empirical or practical situation, the behaviourist aim is 

the prediction and control of overt behaviour, and this is achieved through the successful 

functional description of the observed regularities that exist between overt stimuli and the 

overt responses of the organism. In the theoretical mode of operation, the behaviourist is still 

concerned with description, but it is the description of plausible lawful system of behaviour 

that is the primary goal. There are fewer restrictions on the behaviourist functioning in the 

theoretical context, allowing the production of more powerful explanatory theory. 

Unobservable events, intervening variables and hypothetical constructs, such as mediators, 

states of readiness, and internal responses are legitimate components of a behaviourist theory. 
The second distinction is that between the behaviour of the investigator, and that of the 

subject under study. The behaviourist does not make the unsubstantiated assumption that 
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observed semantic or logical patterns in the behaviour of a subject exist because of the causal 

influence of some semantic or logical entities within that subject. Instead, a perceived 

similarity or pattern in the behaviour of a subject is seen as a function of the behaviour of the 

investigator, whose aim is to accurately describe those observed events. The perceived 

behavioural organisation of the subject is thus imposed by the investigator in the form of a 

functional description, and does not necessarily reflect the existence of an underlying 

psychological structure within the subject. 

This overview of S-R behaviourist theory, as an extension of the early reflex thesis, has 

exhibited one particularly important theoretical concession. A modern S-R theory has come to 

accept the existence of a causally significant internal stimulus-response organisation. Most 

often the internal stimulus-response organisation, which allows for 'mental events' to have 

causal status, is seen as merely mediating between overt stimuli and responses. Hence such 

constructs are commonly referred to as "mediators" or "mediating events". The present 

theoretical synthesis does not support any theoretical necessity for internal events to be 

anchored at both ends to observable events. Internal events need not therefore be seen as 

simply bridging the gap between observables. It is true however, that virtually all 

psychological events that are of any interest or significance will be anchored at some point to 

environmental stimuli, and to either overt behaviour or conscious experience. All standard 

psychological 'phenomena' for example, involve behaviour or experience. 

Internal or mediating stimulus-response events are purely hypothetical constructs. This 

does not however detract from the validity or usefulness of these constructs within the 

appropriate theoretical context. In fact, the acceptance of internal stimulus-response events 

has enabled the development of credible and powerful explanatory theory. The next section 

will examine the central attributes of these mediating constructs. The implications for 

behaviourist theory of the introduction of such theoretical constructs will also be examined. In 

the sections following this, other central aspects of the overview presented above will also be 

expanded. 

"Mediators" and Internal 
Events - The Hidden 

Stimulus-Response 
Stimulus-Response 

Organisation 

Mediators are most simply stimulus or response events that occur within the organism. In 

terms of behaviourist theory, mediators are hypothetical constructs, and according to 

Zuriff(1985) these constructs conform to a greater or lesser degree to the following criteria: 

1) They conform to the behavioural laws that govern overt 

stimuli and responses. 

2) These constructs are peripheral. 



3) Hypothetical constructs must be under the functional control 

of external variables. 

4) They are lawfully linked to observed dependent and 

independent variables. 

5) These constructs may have been overt at one time, before 

regressing to the covert level. 
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While many examples of mediating events may meet all of these requirements, the 

present view of behaviourist theory does not see all of the above criteria as necessary 

conditions for the formation of a legitimate hypothetical construct. It is most likely that 

mediators will be under the functional control of external variables, and if this is the case, 

then the relationship between the environmental variables and the mediators will 

undoubtedly be lawful. It is also possible however, that mediators will be under the partial 

stimulus control of other mediators, or of events within consciousness. Neither of these types 

of events is observable, yet both conform to the general behaviourist principles of stimulus

response organisation. There is no reason therefore to exclude their use in a theoretical 

context. This point will be argued fully in the following section. 

A similar line of reasoning can be employed to argue against the restriction of valid 

mediators to peripheral responses, or responses that were once overt. This type of restriction is 

again included because of an outdated concern for the objectivity or observability of legitimate 

behavioural entities. The insistence upon a peripheral or proprioceptive quality or history, 

comes from a misguided belief that this type of response is 'almost observable' or is 'potential 

behaviour'. The reasoning is that 'almost observables' that feedback from peripheral areas 

'outside' the brain, are concepts that are more purely behaviourist, in that they approximate 

the presence of observable, external events. The fact is that such peripheral events are not 

observable, external stimuli, and it must be assumed that the presence of most peripheral 

states of interest is due to the neural control of the central nervous system. Where then lies the 

significant causal distinction between peripheral events and the CNS state that produced 

these events? In the theoretical context where observability is not a criterion, there is no 

advantage in the restriction of legitimate internal events to peripheral responses and 

feedback. Mediators can be 'mental' events, given that they conform to the fundamental 

behaviourist principles of stimulus-response organisation. 

Various categories of mediating events have been proposed in S-R behaviourist theory, 

and the introduction of each type has affected the explanatory power of the resultant theory. 

The major types of internal or mediating events will be presented below, and the theoretical 

ramifications inherent in each construct will be discussed. 

One of the earliest extensions to behaviourist theory was the introduction of internal 

stimulus and response events. These events were traditionally seen as consisting of 

proprioceptive feedback from overt behavioural responses, to which other responses become 

conditioned. Internal stimuli can gain the power to elicit responses originally 

environmentally controlled, and so a complete series or chain of responses can occur 

independently of the environment. As was argued above, in the theoretical context, there is no 

reason to limit the nature of internal responses and stimuli to peripheral events. It is possible 
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for example to conceptualise a conscious 'thought' as a mediating event in a series of responses. 

In fact, there is no real limit on what could be termed a mediating stimulus or responses event, 

as long as that event conforms to the behaviourist definitions of a functional 'stimulus' or 

'response'. While it is of course impossible to directly verify unconscious, unobservable events 

through empirical means, this does not preclude them from being valid and useful components 

in theory. These purely hypothetical constructs can however gain credibility if their form 

and behaviour is consistent with the overall laws of the encompassing theory, and if their 

inclusion in that theory allows for the explanation of additional phenomena. Internal, and 

possibly unconscious and unobservable, stimuli are one such type of theoretical construct. 

Overall, the inclusion of internal stimuli and responses allows for the serial chains of 

stimulus-response events to occur independently of environmental control. As these S-R chains 

proceed they may or may not be manifest in experience or behaviour. Once initiated by some 

associated and antecedent stimulus condition, a complete series of stimulus-response events 

may occur. 

s1------- r1 s2 -----•-- r2s3 -----•-- r3s4 ... R4 

Figure 1.2. An example of the type of stimulus-response organisation that can occur with the 
introduction of internal or "mediating" S-R events. The overt stimulus (S1) and the overt 
response (R4) are linked via several mediating internal stimulus-response events (rls2 to 
r3s4). A mediating response can thus function as a stimulus in a following S-R event. 

While learning per se is not a mediating event, it is worthwhile mentioning in the 

present context. The effects of learning to some extent determine the types of S-R organisation 

that can occur. In conjunction with the acceptance of internal stimulus and response mediation, 

the process of learning further increases the potential complexity of stimulus-response 

organisation. 

Traditional theories of learning, such as classical conditioning, have apparently 

demonstrated that more than one stimulus can be associated with, and come to elicit the same 

response. Although there is doubt as to whether the conditioned response is exactly the same 

as the unconditioned response in classical conditioning situations, they are at least 

functionally equivalent. Through conditioning, virtually any stimulus can come to elicit a 

specified response. The principle of conditioning has thus extended the possible organisation 

of stimulus-response associations, whether they be overt or hidden, to the situation depicted 

in Figure 1.3 below. Many stimuli can be associated to the same response. 

The view of learning proposed in this present synthesis of behaviourist theory increases 

the scope of potential S-R organisation even further. As was mentioned earlier in this section, 

learning involves the automatic association of stimulus and response events that occur within 

a certain critical temporal distance of each other. An event is a 'stimulus' in the learning 

context simply if some 'trace' of its occurrence remains, and if it occurs prior to the 'response'. It 

is most likely that at any instant, there will be several stimulus and response conditions 

present within the critical time period. All of the possible stimulus-response associations 
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will be strengthened to some degree. The action of this mechanism of learning therefore 

allows a stimulus to be associated to more than one response, and vice-versa . 

S1 • s2r1 • s3r2 • s4r3 ... R4 

S2/ S3/ s5r4/ 
S3 

Figure 1.3. An example of the organisation of stimulus-response events that can occur where 
more than one stimulus may be associated with a given response. This rule of multiple 
association applies to both observable (e.g, S1, S2 and R4) and mediating (e.g., s2rl) stimuli 
and responses. 

Responses remain determined under this scheme, in spite of the fact that a stimulus may 

elicit more than one response. Where a stimulus elicits more than one response, then a 

parallel combination of these response components forms the overall response. This composite 

response is still determined by the present stimulus situation and the existing stimulus

response associations. A behavioural example of this is concurrently raising an arm and 

ducking one's head in response to a threatened blow. 

Furthermore, it is not necessarily the case that every response associated to a stimulus 

will be elicited. The strength of association between a stimulus and a response varies 

according to temporal factors within the learning operation, and also varies with the number 

of times they have been associated. It is possible therefore that only those responses strongly 

associated to the stimulus will be elicited, if indeed any response is elicited at all. The 

concept of a 'threshold' in the production if responses will be introduced later in this section. 

The overall effect of this conception of learning is to allow any manner of multiple 

associations between any number of stimuli and responses. The process of learning can involve 

both overt and internal or mediating stimulus-response units. Figure 1.4 illustrates this point 

in presenting a hypothetical organisation of stimulus-response connections allowable under 

this scheme. 

The valid application of learning principles to mediating events allows learning to occur 

in the absence of an overt response. As will be shown in a subsequent section, the introduction of 

this type of learning into behaviourist theory has enabled the explanation of various 

psychological phenomena that proved problematic for simple reflex models. 

Given that multiple associations between stimuli and responses are accepted, and that 

more than one functionally defined stimulus is likely to be present at any given time, it is most 

likely that the combined influence of a complete set of stimuli will be involved in the 

elicitation of any particular response. Further to this, the various stimulus conditions within 

a set can work in parallel, and each stimulus has the capacity to elicit more than one 



16 

response. The important implication of this is that, at any one time, there may be a whole set 

of response components that combine to form an overall response. It is therefore more accurate 

to conceptualise any overall stimulus or response pattern as reflecting the combination of a set 

of relevant stimulus or response elements. The boundaries of a 'set' of stimuli or responses are 

temporally defined. The members of a set are those events that occur within a critical time 

span. The constituent stimulus or response elements of such sets constantly change over time. 

The notion of constantly changing stimulus and associated response sets, implies that the 

production of responses is a continuous process. The segmentation of this process into discrete 

stimulus-response events is an essentially arbitrary organisation imposed upon the continuous 

flow of responding by the behaviourist. This is done to facilitate the task of deriving accurate 

functional descriptions of behaviour. 

Stimulus 
Set 

s 

s 

s 

Composite 
Response 

----1 ----11.-.-.- rs----------- RI 

~ 
• rs--•• 

~ 
rs ---

.. R 
I 
I ... I I 

IR I ._ ___ J 

Figure 1.4. An example of the type of stimulus-response organisation that can occur with the 
further liberalisation of S-R theory. Any manner of multiple associations can be formed 
between stimulus-response entities. Overt behaviour is produced when input from the current 
environmental stimulus set 'flows through' mediating S-R events to produce a determined set 
of overt responses. The notion of variable association strength between stimuli and responses is 
shown in the varying widths of the arrows linking events. 

The inclusion of mediating stimulus-response associations into S-R theory is the critical 

factor that enables sets of stimuli to interact in the production of a composite response. The 

stimulus set in a particular situation, provides various 'starting points' for the complete, 

mediated process of response elicitation. The mediating stimuli and responses associated with 

any overt stimulus set, will often be associated. This enables the various stimuli involved in 

any situation to interact and to produce behaviour that need not reflect the pattern of 

responding associated with any one of the input stimuli. The interaction of stimulus sets, 

facilitated by the stimulus-response mediators, can thus produce novel responses. 

The novel form of a final response can of course also be due to the effect of a novel stimulus 

situation. Even in stimulus situations that are similar, it is most likely that the stimulus 

conditions will not be exactly the same. Thus, while the stimulus sets for similar situations 

overlap, they will not contain exactly the same constituent stimuli. In similar situations then, 
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similar but not identical response sets are elicited. Each overall response is therefore 'novel', 

even though it may be functionally similar to other responses elicited from similar stimulus 

sets. The influence of novel stimulus sets and of the interaction of stimulus set members on the 

production of novel responses are in practice inseparable. Both of these influences affect the 

outcome of every stimulus-response situation. 

The situation where novel behaviour results from the interaction of the members of the 

stimulus set (as opposed to the production of novel behaviour from novel stimulus sets), 

requires further explanation. In this context, a stimulus set elicits, essentially in parallel, a 

number of mediating stimulus-response events. By virtue of previously-formed associations, 

any of these elicited mediating events can exert a causal influence on the elicitation of other 

mediating responses. This causal influence is not however, of an all-or-none nature. The fact 

that an elicited mediator is associated with other such events, does not automatically lead to 

the elicitation of all of those associated responses. Instead, the interaction of mediating 

events functions in a continuous and probabilistic manner, and the 'elicitation' of a response 
involves the further concept of a 'response threshold'. 

Many stimulus-response theories include the notion of a continuous range of potential 

stimulus or "excitation" levels, and a critical "threshold" of excitation over which a response 

will be elicited.1 Both the manipulation of the threshold position, and the manipulation of 

the subthreshold levels of excitation provide a means by which mediating events can interact 

without necessarily eliciting associated responses. The interaction of mediating events in this 

manner can function to alter the probability of the occurrence of a response that is currently 

subthreshold. If the response threshold is reached, such interactions can also affect the 

strength of the elicited response. 

Changes in the response threshold or in the level of excitation in a mediator come about 

from the association of this mediator to antecedent stimulus events. The influence that an 

antecedent stimulus has upon a mediator is dependent upon the strength of that stimulus, and 

the strength of the association between the stimulus and the mediator. The current strength of 

the association between two stimulus-response units is of course due to the effects of learning. 

While learning introduces a dynamic component into the production of behaviour over 

time, the idea of a continuous range of subthreshold and superthreshold excitation introduces 

a dynamic component into the production of behaviour at any one time. The elicitation of any 

particular response component remains lawful, but now has a probabilistic property that 

allows the many stimulus factors to influence whether or not the response will occur. 

These ideas underlie many of the specific mediating constructs that have been proposed 

in S-R theory. One such construct is termed a state variable. While some definitions of a state 

variable are somewhat vague and unconvincing in some key areas2, the conceptualisation 

presented here has been developed to account for these earlier weaknesses. Most generally, a 

state variable is a state of the organism that can be functionally defined as a "readiness" to 

respond in a certain manner. This "behavioural disposition" or readiness to respond, is brought 

about by a change in response thresholds or subthreshold excitation of a specific, functionally 

1e.g., Hull (1951), pp. 101-103, and Spence (1956), p. 96, and pp. 101-102. 
2zuriff (1985) pp. 122-123. 
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defined set of mediators. This change increases the probability of occurrence in responses 

associated with that set of mediating events. 

Outwardly, state variables appear to be a new type of construct in behaviourist theory. 

As Zuriff (1985) puts it, a state variable 

"is neither a response nor a stimulus but rather a state of the 
organism determining the relationship between the two." (pp. 
122-123) 

This is, however, not the case. The 'state' that is described by a state variable is merely a 

convenient, functional summary of the mediating stimulus-response activity in a particular 

organism. For example, a stimulus such as the sight of an enemy may have been conditioned to 

a class of relevant mediating responses. The presence of that stimulus will therefore produce a 

readiness to respond in the members of that functional response class. 

The link between a 'state' and environmental independent variables also becomes 

apparent with the realisation that such states are nothing more than complex stimulus

response organisations. The association between an environmental stimulus and a state of the 

organism is no different from any other example of a stimulus-multiple response connection 

that results from the process of learning. A readiness to respond in this context is therefore 

brought about by a change in the threshold level, or the level of subthreshold excitation in 

the mediating events associated with the sensing of a particular environmental stimulus. 

Given that a state variable is nothing more than a form of stimulus-response 

organisation, the formation of such variables is easily explained by a standard S-R conception 

of learning. The model of learning briefly outlined earlier, proposed that responses most 

relevant to the stimulus condition are most likely to be strongly associated with that 

stimulus. Over time then, a number of these different responses will become associated to 

varying degrees with the stimulus condition. These responses form the functional class of 

events that will be "set to occur" by the sensing of that stimulus. The process of learning 

automatically forms apparently meaningful patterns of association according to the simple 

principles of temporal contiguity and response selection through reinforcement. These points 

will be expanded upon in the section dealing specifically with learning phenomena. 

The concept of a functional response class is a particularly important component of the 

present discussion. The fact that all the members of a definable class of response can be 

affected in parallel by the presence of a stimulus condition is central to behaviourist 

explanations of complex phenomena. The usefulness of such a concept becomes more apparent 

when it is remembered that the "readiness" to respond lasts longer than the duration of the 

eliciting stimulus itself. This residual readiness allows an earlier stimulus to affect the 

nature of responses that occur some time later. When a residual readiness to respond is shared 

by all members of a functional response class, behaviour elicited during this state is likely to 

exhibit functional consistencies. The production of language is an example of behaviour which 

exhibits such functional patterns. 

The interaction of classes of stimulus-response events in this manner is only made possible 

by the inclusion of mediators in behaviourist theory. Mediators provide the stimulus-response 

mechanism that allows for the 'residual' action of a stimulus in the form of a behavioural 
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tendency or readiness to respond. Similarly, the action of mediating events introduces the 

possibility of these behavioural tendencies interacting with other stimulus-response events to 

produce coherent patterns of behaviour. Multiple associations between mediators also 

provides a viable stimulus-response implementation of the concept of a functionally defined 

stimulus-response class. A group of stimulus-response events can be seen as a functional class if 

they are associated with a common stimulus condition. 

The concepts of a state variable and a response class explain the regularities that exist 

between temporally proximal responses, such as those exhibited in language. A further 

example of a state variable can help in an explanation of behaviour that is not only 

internally consistent, but also appears to be directed at achieving some end, or is at least 

consistent over long periods of time. Not surprisingly, behaviour that exhibits consistency 

over time is attributed to the presence of a relatively consistent and persisting stimulus 'state' 

within the organism. From this comes a readiness to respond in manners associated with that 

stimulus state, until finally the internal stimuli are removed. "Persisting" or "maintaining" 

stimuli are therefore responsible for any observed persistence or goal directedness in 

behaviour. The clearest examples of persistent internal stimuli are those resulting directly 

from basic biological needs. Because of the powerful effects of learning however, many more 

abstract forms of stimuli can come to have a persistent quality. 

The flexibility of persistent, apparently goal-directed behaviour is also explicable 

through the effects of learning. As proposed earlier,the presence of mediating events allows 

for many responses to become associated, with varying degrees of strength, with the same 

stimulus condition. If the stimulus condition occurs, the strongest response alternative will be 

elicited. If that response is successful in removing or changing the stimulus situation, then its 

association with the original stimulus condition will be strengthened. If the response is 

unsuccessful then, by the principle of extinction, it will become weaker with repetition until 

finally, an alternative response associated with that stimulus will become dominant. This 

response will then be elicited, and through the ongoing action of learning and extinction, it is 

possible that many other responses associated to the stimulus condition will at some time be 

exhibited. This notion of a "response hierarchy" adds a further dynamic component to the 

production of behaviour, and accounts for the flexibility of observed behaviour. 

Theoretical versus Empiricist Levels - Two 
modes of Functioning for the Behaviourist 

It is possible for the behaviourist to function in either a theoretical or empirical context. The 

difference between these contexts is defined purely in terms of the focus of the behaviourist at 

any one time. An empirical mode of operation involves the standard behaviourist aims of 

predicting and controlling the behaviour exhibited by the organism. The investigator uses 

empirical means to identify a set of environmental stimuli that are necessary for the organism 

to elicit a target response. The focus on the organism introduces certain practical or 
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methodological constraints upon the investigator. In this setting, the only method available 

to achieve the aims of prediction and control, is the specification of the observed regularities 

existing between stimulus conditions and the organism's responses. This process is unavoidably 

imprecise, as the investigator cannot directly observe and identify the precise stimulus events 

that cause the target response. The investigator must deal with behaviour at an overt or 

molar level, and in such a situation the process of defining the relevant stimulus-response 

events is complicated by the presence of extraneous stimulus-response activity. The 

investigator has no way of verifying that his or her definition of the stimulus condition is in 

fact an accurate description of the causal factor controlling the target behaviour. The 

observer's specification of behavioural events has heuristic status. 

The behaviourist is aware of the problems arising from the reliance upon observation and 

subsequent description in the empirical setting. Consequently, a large proportion of 

behaviourist methodology reflects an attempt to reduce the possibility of inaccurate 

description in the empirical setting. The inherent limitations of observational investigation 

have forced behaviourists to avoid making causal statements or inferences based on 

observational data. Instead, the goals of prediction and control are achieved by a description 

of the functional regularities that exist between operationally defined stimulus and response 

events. The scope of these descriptions is confined to a specification of the relationships 

between observable stimuli and responses. 

When the investigator is operating within the empirical context then, observability is a 

fundamental criterion for functionally defining legitimate behavioural entities. This is 

hardly surprising, given that the objective and thus testable nature of behavioural data is one 

of the most commonly stated axioms for a valid behaviourist approach to science. What is 

important to note here, is that the need to stipulate that only observable stimulus and 

response elements be used, results directly from the need to rely upon the method of 

observation in the empirical study of the organism-environment relationship. Here, the 

observation of regularities is the only method open to the investigator that allows the valid 

application of theoretical behaviourist principles. Remember that the question that the 

behaviourist is asking, in this mode of operation, is an empirically determinable one 

concerning what (stimulus) makes the response occur. A description of the relevant stimulus 

and response classes is therefore all that is necessary, and the issue of how or why these 

classes are associated is irrelevant. 

In the theoretical mode of operation, the goal of the behaviourist is the description of a 

stimulus-response based explanatory system, that can account for the development and 

production of all behaviour and conscious experience. The focus of the behaviourist is 

therefore upon behaviour in general, as opposed to the specific behaviour of any particular 

organism. Given that the focus is no longer upon the behaviour of the organism in a particular 

environment, none of the methodological or practical constraints applicable in the empirical 

context, remain appropriate in the theoretical setting. 

At this level then, the restriction of legitimate behavioural entities to observable events 

becomes redundant, simply because the method of observation is no longer appropriate. The 

phenomena of interest are no longer the specific elicited behaviours of an organism that must 

be observed and then described. The phenomena of interest within this context, are the 
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theoretical constructs used to specify the fundamental theoretical principles involved in a 

behaviourist account of how and why a certain stimulus comes to elicit a particular response. 

The aim is to describe a theory of behaviour, as opposed to behaviour itself. The use of 

observable or objective behavioural data (e.g observable stimuli and responses) is not a 

necessary behaviourist criterion within this context, simply because the validity of a theory 
or theoretical principle is not in any way dependent upon the status of its component constructs 
as observable or not. Observation is not the appropriate scientific method, and hence the 

restriction of legitimate data to observed events or entities ceases to apply. The behaviourist 

is no longer observing, but is instead theorising. 

Similarly, there are no methodological or practical constraints acting upon behaviourists 

operating in the theoretical context that limits their activities to the description of 

functional regularities between events or objects. Behaviourists in the empirical setting avoid 

making causal statements because of the possible inaccuracies in the behavioural data that 

they have access to. This is a methodological restriction that does not apply in the 

theoretical setting. In fact, it is a primary aim of the behaviourist in the theoretical context 

to make precise statements regarding the causal relationship between stimuli and responses. 

Behaviourism requires a precise causal relationship to exist, at least in theory, between 

stimuli and responses, in order for behaviour to remain determined. 

The use of functional definitions of stimulus-response events is an aspect of behaviourism 

that does however, remain constant over all contexts. It is a fundamental principle of the 

behaviourist approach that no entity or event has inherent stimulus or response qualities. 

With the influence of learning on potentially complex stimulus-response relationships, an 

entity can, according to the situation, function as a stimulus, a response, or both. 

Given that there are fewer restrictions upon the behaviourist in the theoretical mode of 

operation, what then defines legitimate behaviour within this context? This question has 

essentially been answered in the section dealing with the defining attributes of a 

behaviourist approach to psychology. Any type of theoretical construct or principle that does 

not violate the postulates outlined in this definition, can be a valid component of 

behaviourist theory. 

The realisation that there are fewer constraints upon the behaviourist in the act of 

theorising as opposed to observing, is extremely important. If the distinction between these 

two modes of functioning is not made, then the restrictions that apply in the empirical mode 

can carry over to the theoretical context, and this places unnecessary limitations on the type 

of theory that can be developed. Historically, the failure to distinguish between the two 

modes of operation has led to much unwarranted criticism of behaviourist theory. 

Overall then, the behaviourist who is operating in the theoretical context is interested 

in the causal system that is responsible for the formation and production of all behaviour and 

experience. The development of the principles and constructs involved in such a system is not 

achievable through empirical means. What is determinable through empirical means 

however, is the fact that the specification of the relationships between environmental 

stimuli and overt responses may provide a method for the prediction and control of behaviour, 

but does not provide a method for developing a comprehensive causal explanation of 

behaviour in general. In the theoretical context, the behaviourist can introduce hypothetical 
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constructs and principles that enable the development of such a causal explanation. The 

behaviourist who operates within this theoretical context has the necessary tools to define a 

set of principles for the association and causal interaction of stimulus-response events, that 

could provide a complete causal account of any elicited behaviour or experience. 

Any regularities observed in the empirical setting are therefore no more than specific 

manifestations of the principles developed in the theoretical context. The theoretical context 

is therefore the more general and more powerful mode of operation. Causal theory has the 

potential to explain behaviour whose form is too complex to be adequately described in terms 

of observed regularities. Theorising thus subsumes, and goes beyond empirical investigation. 

In summary then, the behaviourist has two distinct modes of operation. In the empirical 

context, the goal is the prediction and control and the focus is on the behaviour of the 

organism. The focus upon the organism restricts the activities of the behaviourist to the 

observation of regularities in the relationship between environmental stimuli and the 

organism's responses. In the theoretical context, the aim is the development of plausible 

causal theory. The focus here is upon behaviour in general and there are no practical or 

methodological constraints upon the theorist. The explanatory theory can therefore cover a 

far greater range of phenomena than can be addressed in the empirical setting. If the 

distinction between the empirical and the theoretical contexts is not made, then the power of 

behaviourist theory may be unduly limited by the imposition of constraints that should 

apply only in the empirical setting. 

The Investigator-Subject Division in Theory, 
Explanation and Practice - A Division Explicit 

in Behaviourism 

Behaviourism proposes a monist view of the world. All phenomena are essentially of the 

same type. With specific regard to psychology, all phenomena are regarded as some form of 

behaviour. In the scientific context then, both the investigator (empirical and theoretical) 

and the subject exhibit behaviour, and it is imperative not to confuse the two. Scientists 

working within other major paradigms in psychology do not display any awareness of this 

fact, and often appear unable to separate their own investigative behaviour from that of the 

subject. An awareness of this potential problem is however evident in behaviourist 

methodology, and allows the behaviourist to produce valid and useful descriptions and 

explanations of behaviour. 

For all paradigms in psychology, the implications of the investigator-subject split vary 

according to context. In the empirical setting, where the aim of the investigator is the 

description of behaviour, the major concern is whether the meaningfulness of observed 

behaviour is created within the description of the theorist, or whether it is inherent in the 

behaviour of the subject. In the theoretical context, the primary issue is whether the theorist 

is in a position to separate his or her own behaviour from that of the causal constructs used to 
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explain such behaviour. The contexts of description and explanation will be dealt with in 

turn. 

In the empirical context, the act of description necessarily involves both the behaviour 

of the subject, and the behaviour of the observer. The relevant behaviour of the observer is 

the perception of regularities in the exhibited behaviour of the subject, and the subsequent 

description of these behavioural events. The behaviour of the subject provides the data for 

description. The description of behaviour is therefore an active process on the part of the 

observer, who always attempts to 'make sense' of the observed events. If 'making sense' of 

behaviour involves the specification of its meaning, as is often the case in psychology, then 

problems regarding the subject-investigator division become apparent. In such a situation, a 

description will be in terms of the meaningfulness of the observed behaviour. There is 

however, no effective way to determine whether the content of this description reflects the 

inherent meaning of the observed behaviour, or whether it merely reflects the 'making sense' 

behaviour of the observer. Obviously the aim is to say something useful about the behaviour 

of the subject, but in the situation described above, it is impossible to tell whether or not this 

has been achieved. 

Where the meaning of behaviour is a central issue, the inability to separate the 

influence of the investigator's behaviour from that of the subject also limits the ability of the 

investigator to make inferences based upon observation. If the investigator perceives a 

regularity in behaviour that is describable in terms of its meaning, it is erroneous to infer the 

existence of causal semantic structures or processes within the subject. Perceived semantic 

regularities do not need to come from the action of hidden semantic structures, but may instead 

exist in the descriptive behaviour of the investigator. After all, the investigator is the person 

interested in identifying such patterns. 

The behaviourist is aware of the investigator-subject relationship, and of the potential 

problems that arise from this relationship, especially when making statements about the 

meaning of behaviour. The behaviourist is in a position to completely avoid these problems, 

by denying the existence of any form of meaningful behaviour. This comes as part of the 

overall rejection of the existence of any knowledge or meaning-based activity. There are no 

knowledge-based processes that underlie and cause behaviour. In fact, it will be subsequently 

argued that the acceptance of causal mechanisms that act according to semantic principles, 

leads to circular and trivial theory. 

The behaviourist rejection of meaningful behaviour immediately resolves the problems 

of meaning in the process of description. The observed behaviour of the subject cannot be 

inherently meaningful. Any reference to the meaning of such behaviour is therefore a 

reflection of the 'making sense' behaviour exhibited by the observer. 

To be completely consistent with the behaviourist rejection of meaning, references to such 

constructs are dropped altogether from descriptions of behaviour. Instead, behaviour is 

described purely in terms of its function. This is far more acceptable to the behaviourists, who 

view all phenomena as fulfilling the role of either a stimulus or a response. The following 

section will discuss the use of functional descriptions in behaviourist theory. Overall then, 

with regard to the description of behaviour, an understanding of the relationship between the 

investigator and the subject has helped the behaviourists avoid many potential problems. 
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This is also the case in the theoretical or explanatory context, where again an investigator

subject division is crucial for the production of valid theory. 

In the explanatory context, the aim is to provide a plausible causal explanation for 

behaviour in general, as opposed to a description of the exhibited behaviour of an organism. 

In this situation, the investigator-subject split is more specifically a division between the 

theorist and the subject matter of the theory. In psychology, the subject matter involved in 

causal explanation is the system or mechanism that is proposed to underlie and produce 

psychological phenomena. It is, however, possible to view this process of explanation as being 

no more than a form of description. Explanation involves the description of the system or 

principles that are hypothesised to underlie phenomena. This would imply that the issues 

presented above regarding the description of behaviour, could be relevant to the discussion of 

causal explanation. One of the potential problems in the description of behaviour concerned 

the use of observed patterns to infer the existence of underlying knowledge structures. 

Similarly in explanation, there appear to be distinct disadvantages in inferring the existence 

of underlying semantic processes or structures. 

In the context of a causal explanation, the behaviour and experience of the subject are the 

psychological phenomena to be explained. The behaviour and experience of the investigator 

or theorist is also an example of such phenomena. In order to explain the behaviour and 

experience of the subject, the theorist may propose some underlying causal system. What the 

theorist must avoid is attributing that system with the very behavioural or experiential 

characteristics that he or she wishes to explain. That is, he or she must see the danger in 

attempting to explain psychological phenomena by attributing those very phenomena to the 

underlying causal process that forms the explanation. An example of this would be giving the 

causal mechanism the ability to make semantic comparisons. Humans can and do exhibit this 

type of behaviour. A second example is the conscious experience of 'knowing'. Humans have 

this experience. 'Knowing', and 'comparing' are thus phenomena which need to be explained. 

If they are included in the very system that is proposed to explain such psychological 

phenomena, then nothing has been explained. This is essentially the classic problem of the 

homunculus, where the underlying causal system itself behaves in a way that must be 

explained. 

The lack of a clear division between the behaviour of the subject and that of the theorist 

often leads to this problematic form of theorising. It is often easy for the theorist to see a 

possible form of explanation by examining how he or some other human would consciously go 

about the task. This leads to a host of theoretical constructs and processes that are intuitively 

appealing, simply because they are types of human behaviour. Unfortunately, for the same 

reason that these constructs are appealing, they are also of little explanatory use. They are 

the very type of construct mentioned above, and are thus no more than reformulations of the 

original phenomena to be explained. A blurring of the theorist-subject split can therefore lead 

to the unwitting and problematic injection of the theorist's conscious behaviour into the 

explanation of the unconscious causal system under study. Essentially, theorists give the 

causal system their own capabilities, in order to explain human capabilities like their own. 

The causal system will therefore explain nothing unless its inherited capabilities are also 

explained. If the theorist continues to rely upon his or her own capabilities as the primary 
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causal mechanisms, then any possible explanation of the unexplained aspects of the causal 

system will also contain elements that require further explanation. This marks the beginning 

of an infinite explanatory regress. Any theory exhibiting such a regress will be devoid of 

explanatory content. 

A behaviourist approach to theorising does not lead to the development of recursive 

theory. A basic premise of behaviourism is that all phenomena are basically behaviour, in 

that they have the status of either stimuli or responses. All psychological events are 

therefore stimuli or responses, and all of these phenomena can be explained in terms of 

stimulus and response events. No further theoretical constructs, at any level, are required. 

This applies to internal events, experience, and to the behaviour of the theorist. Behaviour, 

from this perspective, does not act as a 'carrier' of any other hidden or 'underlying' causal 

concept, such as stored knowledge or meaning. Behaviour does not therefore reflect the 

influence of some more basic, causal level of psychological activity. All behaviour is 

essentially meaningless, in that it is nothing more than stimuli or responses. There is only one 

type and one level of psychological activity, involving the causal action of antecedent 

stimuli, as they combine to 'elicit' sets of responses. 

The idea that all phenomena are determined stimulus-response events, precludes the 

organism from having any real ability to control behaviour. This is the fundamental issue of 

agency. The organism can neither 'decide' to behave in a certain manner, nor can it 'choose' 

between alternatives based upon its 'understanding' of the situation. To the behaviourist, an 

organism, or any other theoretical entity, has no inherent ability to determine the outcome of 

any event. If this is the case, there is no advantage in hypothesising the existence of 

underlying mental structures or entities that 'decide' or 'choose' the correct behavioural 

alternative on behalf of the organism. 

The theorist in the behavioural context then, does not have any inherent knowledge, 

skills, or capabilities. Theorists simply exhibit theorising behaviour. From the behaviourist 

perspective, theorists cannot therefore propose any type of hypothetical entity with these 

abilities, that even they do not have, as part of their explanation; nor do they need to. There 

is no chance of recursive theorising, simply because the behaviourist has no useful inherent 

abilities to pass on to his or her explanatory system. There is only a need to hypothesise the 

existence of underlying structures and processes that can 'decide', 'choose' and 'know' if it is 

assumed that these phenomena exist to be explained. For the behaviourist, no organism 

displays such causal agency. 

Just as all psychological phenomena are stimuli or responses, any explanation of these 

phenomena is in terms of these constructs. A behaviourist explanation simply involves the 

description of the stimulus-response events that led to the exhibition of that behavioural 

phenomenon. There is only this single (behavioural) level of psychological functioning, and 

all causal events must also be present at this level. This absence of 'underlying' causal 

structures and processes, is a further factor that precludes the possibility of explanatory 

recursion. 

This view of a behaviourist type of explanation is however oversimplified. There are 

aspects of behaviourist theory that are more than the functional description of stimulus

response events. Behaviourist theories of learning for example are a collection of totally 
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abstract associative principles. The mechanism that actually implements these abstract 

principles is not described. Similarly, the question may be asked as to the nature of the 

mechanism that actually causes a stimulus to elicit a response. The question 'But how or by 

what is that done?' can be repeatedly asked of the implementation of any behaviourist 

principle. Behaviourist theorising could thus be criticised for exhibiting another form of 

infinite recursion, where an ultimate causal level is never reached. This is a reductionist 

criticism that can be leveled at any theory, and it appears that the point at which a theorist 

chooses to simply discontinue this regression is completely arbitrary. It is perfectly 

legitimate for the behaviourist to arbitrarily curtail the theoretical regression, but for many 

other types of theorist it is not. The reasons why this is the case will be addressed in the 

section concerning theoretical modelling. 

Overall, a blurring of the distinction between the behaviour of the theorist and that of 

the causal system he or she proposes, has the potential to lead to trivial, regressive 

theorising. The restrictions and form of behaviourist theory reflects an awareness of this 

potential problem. 

Functional Descriptions in Behaviourist 
Theory and Empirical Investigation 

The use of functional definitions and descriptions is a key component of modern behaviourist 

theory. The adoption of a functional approach came from the realisation that descriptions of 

behaviour that were purely in terms of physical movements, could not accurately categorise 

some forms of behaviour. It has been argued that functional definitions allow "psychological" 

properties of behaviour, that have no direct physical correlates, to be readmitted to 

behavioural science. What remains critical however, for the behaviourist is that the 

observation of behaviour remains objective and verifiable. A functional description of the 

"psychological" aspects of behaviour thus requires some form of empirical assessment, in order 

to determine whether it is an acceptable example of behaviourist language. In the empirical 

context, the acceptability of functional descriptions is determined by the extent of 

"intersubjective agreement" that can be obtained, and by the pragmatic value of the 

description in the prediction and control of behaviour (Zuriff, 1985, pp. 48-51). 

In the context of the present discussion, the usefulness of a functional approach goes 

beyond the traditional behaviourist domain of empirical study. The adoption of a functional 

approach also has important ramifications in the development of powerful behaviourist 

theory. The division between the empirical and theoretical contexts mentioned previously, 

will therefore be evident in the following discussion. Furthermore, the process of functional 

description involves the behaviour of both the investigator and the subject of investigation. In 

the earlier section concerning this investigator-subject division, the possibility of an infinite 

regression in the process of explanation was mentioned. As will become apparent, this issue is 

relevant to the production of 'valid' forms of functional description. Overall then, functional 
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definition is a key process in a modern behaviourist approach, and an analysis of this process 

must therefore make reference to both the investigator-subject, and the empirical-theoretical 

divisions discussed previously. It is necessary to begin however, by defining exactly what is 

meant by a 'functional description' in the behaviourist context. 

Functional Definition - A Definition 

Functional definitions categorise events or objects according to what they do, as opposed to 

what they are. Events or objects are not defined according to any intrinsic attribute, but are 

instead defined in terms of the role or function that they have in a given context. For the 

behaviourist, the terms 'stimulus', 'response' and 'reinforcer' are, by definition, functional 

entities. Any specific event or object that performs as a stimulus, response or reinforcer is 

therefore also a functional entity. In the behavioural context, all phenomena and theoretical 

constructs have the status of either stimuli or responses. Given that the terms 'stimulus' and 

'response' are functionally defined, it follows then that all behavioural entities can be 

functionally defined. 

In the context of learning, behaviourist theory includes the additional construct of 

'reinforcement'. A question may arise as to where this type of construct can fit into the scheme 

outlined above. It will be shown however, that reinforcement is nothing more than a 

particular stimulus condition, and so the reduction of all behavioural entities to the status of 

stimuli or responses remains appropriate. All behavioural entities have the potential to be 

described in functional terms. What then is the nature of this descriptive process? 

In the behavioural context, behavioural entities are categorised according to their 

lawful, causal relationships with other categories of stimulus and response entities. In any 

given situation then, the investigator will observe, or the theorist will hypothesise, the 

existence of certain categories of behaviour that are lawfully related. This categorisation 

produces a group of stimuli that are deemed to be related in some lawful manner to a group of 

responses. Such a category of stimulus or response event is termed a 'functional class'. A 

'functional class' is defined or described according to the features that are deemed necessary 

for a member of that class to remain in a lawful relationship with the corresponding stimulus 

or response class. Two distinct processes are thus involved. The first is the categorisation of 

observed or hypothesised stimulus or response events into logical groups. The second stage is 

then to describe these groups in terms of the features deemed essential for the maintenance of 

the functional relationship under study. Zuriff refers to these processes as "selection" and 

"specification" (Zuriff, 1985, p. 49). 

A functional class is therefore a description made by the behaviourist, as opposed to a 

collection of observed or hypothesised stimulus or response events. It is a description that is 

intended to summarise the features of a class that are necessary for the observed or 

hypothesised functional relationship to remain intact. Other specific stimulus-response 

events that are relevant to a particular functional relationship may be perceived. The 

stimulus and response components of these events may fit the existing form of the stimulus and 

response classes (descriptions) that the investigator has proposed, and so provide evidence for 

the accuracy of the class definition. Conversely, the nature of the stimulus and response 
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components may enforce a revision in the class definitions, in order for the functional 

relationship between the stimulus and response classes to remain lawful. The investigator 

may continue to assess the accuracy of the functional class definitions, based on further 

empirical or theoretical observation. Zuriff calls this continued reassessment a "process of 

titration" where the 

"Experimental study of the functional response class may 
suggest adjustments in the membership of the functional 
stimulus class which, in turn, may suggest further 
modifications of the functional response class. This process of 
titration eventually distils functional stimulus and response 
classes that optimize the lawfulness between behavior and 
environment." (p. 48) 

Zuriff treats the process of functional definition as an empirical phenomenon. In fact, 

like most traditional behaviourists, he sees an empirical method of definition as an essential 

component of a valid behaviourist approach. Zuriff contends that 

"The actual process of functional definition does not 
necessarily follow the steps of this idealized illustration. The 
only critical feature is that stimulus and response classes are 
defined on the basis of what is empirically found to be 
functionally related." (p. 48; italics added) 

This view is not supported in the theoretical synthesis proposed here. 

Functional Definitions are Appropriate in Theory 

The important distinction was made earlier between the empirical and theoretical modes of 

operation. There is no reason why a functional approach cannot be used by the behaviourist in 

either of these contexts. Behaviourists operating within these two contexts have different 

goals, and their actions are subject to different restrictions. It is possible in both contexts 

however, for a process of continued reassessment to be used in the definition of functional 

response classes. In the empirical or practical setting where the goal is prediction and control, 

the continued reassessment is achieved through the observation of specific instances of the 

functional stimulus-response relationship under study. In the theoretical context, the goal is 

the production of plausible explanatory theory. Functional stimulus and response classes are 

hypothesised in an attempt to form a plausible explanation of various behavioural 

phenomena. The proposed form of such classes can be reassessed according to their success in 

providing a viable account of these phenomena. 

The fact that a viable method of testing or assessing functional classes exists in both the 

empirical and theoretical modes allows a functional method of description to be used in both 

of these situations. Apart from the criteria for assessment, the task of the investigator in 

either mode is essentially equivalent. The investigator must continually reassess, and 

possibly alter, the functional description that has been 'hypothesised' to define the stimulus 

or response class. Given that none of the defining characteristics of a truly 'behaviourist' 
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approach are threatened, and as long as a method of reassessment is available, a functional 

approach is a viable option. 

In the theoretical context the behaviourist deals with the explanation of behaviour in 
general. Part of the behaviourist's activities in this setting will be the assessment of the 

general principles used in such an explanation. The process of continual reassessment of 

functional classes in the theoretical context provides a means of testing the usefulness of such 

classes as general explanatory constructs. 

An Apparent Problem of Circularity 

There are apparent circularities in both the method and the principle of functional 

definition. The method of functional definition is described as a process of "titration", where 

a change in the specification of the stimulus class may bring about a redefinition of the 

response class and vice versa. As Zuriff points out, this process is better described as a "spiral" 

rather than a circle, as the redefinition of the stimulus and response classes will produce a 

progressive "tightening" of the functional relationship under study. 

The principle of functional definition is apparently tautological, in that stimulus and 

response terms are defined according to their relationships to other stimulus and response 

events. In any specific relationship then, the stimulus and response classes can be defined in 

terms of the other. Such definitions nevertheless produce a useful specification of the 

particular functional relationship of interest. Regarding the apparently circular definition of 

functional relationships, Zuriff states that 

"Relationships must always be defined this way. The central 
definition is that of the "functional relation", and "stimulus" 
and "response" are defined in pairs as the relata of this 
relationship." (p. 49; italics in original) 

Even though the definition of relationships necessarily takes a circular form, to ensure that 

such definitions remain useful the functional stimulus and response components must be defined 

independently of one another, otherwise 

"If the response is specified as "whatever is controlled by the 
functional stimulus", and the stimulus is specified as 
"whatever is responsible for the functional response," then the 
formulation is again enmeshed in circularity." (Zuriff p. 49) 

More generally, the fact that stimuli and responses are functionally defined according to 

their relationships to other such entities does not lead to 'empty' or inadequate description. 

The behaviourist has no alternative but to define a stimulus or a response in terms of its 

relationships with other stimuli and responses, simply because no other types of 

psychological entity exist. As long as the causality of behaviour has the potential to be 

encapsulated within a functional definition, then the functional approach is completely 

adequate. The causation of stimulus-response events is only ever due to the influence of similar 

events occurring at the same level. A description of the causality of behaviour can therefore 

only be in terms of these other causal stimulus-response events. There is no underlying or more 
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fundamental level of psychological functioning that needs to be explained. A functional 

approach is only seen as inadequate where it is presumed that psychological phenomena are 

caused by objects or structures that have a status other than that of a functional stimulus or 

response. Criticisms of a functional approach that are based upon this assumption are 

however, not convincing. In the section dealing with the investigator-subject division, it was 

argued that there are problems with theories that attempt to explain behaviour by proposing 

the existence of causal entities or structures at an underlying level. This argument will be 

developed fully in the subsequent section concerning modelling. 

A voiding the Infinite Regress 

The process of functional definition involves the behaviour of both the investigator and the 

subject. It was pointed out earlier that, because the investigator is exhibiting the very type of 

behaviour he or she is attempting to explain, it is often difficult to derive an explanation of 

any value. It was further argued that the primary reason for this lies in the danger of an 

infinite regress being incorporated within the investigator's explanation. A similar type of 

problem involving the infinite regress apparently faces the behaviourist in the process of 

functional definition. 

In the process of functional definition, the behaviourist observes the responses of a subject 

in order to define the stimulus and response classes relevant to a particular functional 

relationship. The formation of a functional definition by the behaviourist is however also a 

response, and is under the stimulus control of some aspect of the environment. In order to 

ascertain the accuracy or validity of the functional definition, it is therefore necessary to 

check whether the investigator is responding to the correct aspect of the environment. The 

investigator's responses must be under the partial stimulus control of the subject's responses, 

otherwise the functional definition that the investigator produces will be totally irrelevant. 

The beginning of an infinite regress is now apparent. The act of checking the accuracy of the 

investigator's descriptive behaviour is itself a set of responses and will also require 

validation. Once started, there is no condition that will terminate such a regression, and the 

conclusion must be that it is impossible to completely justify, or assess the absolute truth of the 

initial functional definition. 

The behaviourist cannot argue with this reasoning. The infinite regress precludes a 

rational justification of any action. Some 'behaviourists' have argued that pragmatic 

considerations be used instead of justifiability, in order to determine whether a functional 

description is acceptable. This approach provides no real answer however, as the same 

argument applies to the process determining 'usefulness' as applies to the process of 

determining justifiability. An infinite regress develops in the process of attempting to 

determine whether or not the initial functional description is truly useful. 

A 'true' behaviourist, however, would not wish to justify any response according to its 

pragmatic value, absolute truth or according to any other criterion. Responses, by definition, 

are not assessable according to their intrinsic value. Responses are absolute, in the sense that 

they are the only type of event or entity that ever occurs. It is therefore impossible to be 

'outside' responding, to somehow impartially and ultimately assess it, and it does not make 
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sense to attempt such an assessment. Responses such as the act of functional definition, simply 

occur, and a lack of absolute justification does not in any way vitiate the fact of their 

occurrence. Responses do not require justification; they simply are. The inescapability of the 

infinite regress relies upon a perceived need for absolute justification. Functional definitions, 

as a form of response, do not require justification, and the infinite regress never eventuates. 

Behaviourists do not have justification as a theoretical or empirical goal. To be true to 

their own view of the world, behaviourists accept that their theoretical and empirical 

endeavours are simply responses, and as such can never be justified. The fact that the actions 

of behaviourists are responses, does not however, imply that these actions are in any way 

arbitrary, empty, meaningless, or nonsense with regard to science. After all, science is no more 

than a functionally related set of such behaviours. A response, such as a functional definition, 

that is exhibited as part of doing science, is not arbitrary or 'meaningless', because it will be 

functionally related to other examples of scientific behaviour. A functional definition is thus 

likely to be under the partial stimulus control of other aspects of science, such as existing 

methodology and assessment criteria, and can also act as a stimulus condition for the 

elicitation of further 'scientific' responses. 'Science' is nothing more than a description of the 

coherence in behaviour that results from the functional relationships between a set of 

responses. 

Given that science is a set of functionally related responses, how did it ever come to exist 

in its current form? Further to this, how can science ever progress, develop or change, given 

that scientists cannot 'choose' an approach according to its inherent worth? These questions 

also apply to the form of phenomena within science, such as methodology and any criteria 

that appear to guide the behaviour of the investigator. Furthermore, this type of question is 

also applicable to the apparent acceptance or rejection of functional descriptions. Given that 

scientists are in no position to make a correct 'decision' as to the truth of a functional 

description according to scientific criteria, what is it that actually guides the apparent 

acceptance or rejection of functional descriptions? 

Scientific behaviours occur simply because such behaviours have survived. Similarly 

within science, certain methodologies and criteria exist because these approaches have 

survived while others have not. Phenomena such as 'science', 'methodology' and 'scientific 

criteria for truth' are nothing more than descriptions of functionally related sets of responses. 

The selection of specific responses thus accounts for the overall evolution of such phenomena. 

The apparent coherence of scientific behaviour comes from the fact that similar, or 

functionally related, types of behaviour have survived. The consistency of new scientific 

behaviour with the current scientific methodologies and criteria of acceptability, occurs for 

two reasons. First, such behaviour is under the partial stimulus control of the current scientific 

environment, and second, those people exhibiting scientific behaviour are likely to share a 

similar reinforcement history. 

There will be a convergence in the responding of scientists who have a similar 

reinforcement history and stimulus environment. If certain methods and criteria for judging 

scientific validity have survived, these will provide a common environmental influence on 

those who are responding in the scientific context. Scientists who assess the acceptability of a 

functional description may therefore respond similarly. Whether or not the functional 
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description or explanation survives may correlate with its acceptance or rejection by the 

scientific community, but it is not causally determined by it. A functional description will 

influence the form of science, if it survives to be a component of it. It is possible therefore, for 

an aspect of science to be universally accepted and to have little influence, and conversely for 

a scientific response to be rejected yet survive. It may not be possible to assess a functional 

definition according to its absolute truth, but its 'relevance' to and subsequent influence upon 

science can be assessed according to whether or not it continues to be exhibited. In spite of their 

status as merely responses, functional descriptions are not arbitrary nonsense in the context of 

science, given that they survive. If they do not continue to be exhibited, then they are no 

longer part of science. Conversely, if a functional description survives, then it is not only 

relevant to science, it forms a defining component of what science currently is. 

Functional descriptions form a fundamental component of behaviourist theory and 

empirical investigation. Functional descriptions are responses that require no justification, 

and consequently there is no possibility of the process of description entering an infinite 

regression. Moreover, the status of such descriptions as responses does not imply that they are 

arbitrary, meaningless and random events in the context of science. For the behaviourist, the 

endeavours of the investigator remain central to the development of science. Given that the 

sound philosophical basis of the functional approach has been shown, the advantages that 

the behaviourist position gains from such an approach can be examined. 

The Advantages of a Functional Approach 

The initial advantages of a functional approach can be derived from the above discussion. A 

functional approach provides a method of description and explanation that successfully 

avoids any form of circularity or regress. The possibility of an infinite regression is precluded 

by the fact that a functional description is nothing more than a response of the investigator. 

This avoids the type of regress that may result from a blurring of the subject-investigator 

division, and also avoids the regress inherent in the need for absolute justification. The 

apparently circular process of functional definition, can more accurately be described as a 

"spiral", and is therefore guaranteed to terminate at some point. Any form of circularity in 

the principle involved in the specification of a functional relationship is either of no 

consequence, or is easily avoidable. There is an inherent circularity in the definition of any 

relationship, and this form of circularity poses no threat to the usefulness or accuracy of a 

functional definition. Any other potentially damaging types of circularity are easily avoided 

by the independent definition of the stimulus and response terms relevant to the functional 

relationship under study. Thus, the initial advantage of a functional approach is its internal 

and logical coherence. A functional approach has the potential to produce substantial 

description and explanation. 

The functional approach of behaviourism has the further advantage of allowing a far 

wider range of psychological phenomena to be legitimately addressed. The various ways in 

which a functional approach increases the scope of behavioural theory will be examined 

below. 
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Early behaviourists attempted to describe events purely in terms of physical movements, 

in order to maintain an acceptable level of objectivity. The range of describable phenomena 

was limited to those events that corresponded directly to physical scales or measures. 

Anything more abstract or molar could not be represented. This approach to description was 

simply too restrictive, as it precluded the description and explanation of important 

"psychological" phenomena, that had no direct physical correlates. Furthermore, the fact 

that descriptions were couched at a physical level, meant that many important behavioural 

patterns that were apparent at a more molar level, had to be ignored. 

The functional description of psychological phenomena provides a method by which the 

behaviourist can again talk about "psychological" events, yet remain consistent with the 

basic tenets of behaviourism. More molar and abstract definitions of perceived patterns of 

behaviour are acceptable, as long as they adequately capture the nature of the functional 

relationship under study. Some method of assessing the accuracy of a functional definition is 

therefore required. As was mentioned earlier, methods of assessing the adequacy of a 

functional defintion exist in both the theoretical and empirical contexts. 

The extent to which stimulus and response classes can be defined according to their 

"meaning" to the subject, or by their "intention", is determined by the adequacy of such 

definitions in maintaining the lawfulness of the functional relationship of interest. It is not 

acceptable, however, to infer that the meaningful or intentional component exists anywhere 

outside the description of behaviour. Thus the range of psychological phenomena that can be 

addressed, and the range of language that can be used to describe such phenomena, is increased 

by the use of a functional approach. 

Further to this, functional classes provide the behaviourist with a method of dealing 

with any apparently 'meaningful' consistencies in the exhibited behaviour of the subject. The 

clearest example of this is found in verbal behaviour, where many "surface" forms of language 

can be seen as being semantically consistent or equivalent. For the behaviourist any such 

consistencies are treated as perceived functional equivalence, and the various equivalent 

behaviours would constitute the members of a definable functional class. Any similarity lies 

in the description of the behaviourist and is not inherent in the exhibited behaviour of the 

subject. There is no need therefore, to posit the existence of underlying, causal semantic 

structures or processes in order to explain the apparent similarities. It was argued earlier that 

such an inference is not warranted. 

The description of 'semantic' consistencies in terms of functional classes enables the 

causation of behaviour to remain determined. If the apparent semantic consistency between 

various responses was due to a causal system that operated according to semantic properties, 

then the "surface" form of a response would be arbitrary as long as the meaning it carried 

remained constant. The surface form of a response under such a system would not be 

determined. The behaviourist rejects this view and contends that responses are not produced in 

order to 'carry' meaning. It has been previously argued that there is only one level of 

psychological functioning and responses at this level are determined by other events occurring 

at this level. This is the level of the surface response. If a set of responses is deemed 

'semantically' similar, it is not therefore because they result from the same underlying, 
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causal, meaningful structure. Each surface response has its own train of causality, that can be 

described in terms of other S-R events. 

What then of apparent 'semantic' similarity? The key word here is 'apparent'. Events 

are only similar if they are deemed to be so. Or, in more behaviourist terms, events are 

functionally similar if they are perceived to perform a similar stimulus-response function. It 

is impossible to know that a group of events are ontologically equivalent. After all, if 

equivalent meaning was inherent in various surface forms of response, then these forms would 

carry exactly the same meaning for the perceiver, and could carry the same meaning to other 

perceivers. Obviously this is not so. The perceived 'meaning' in any surface response may 

differ subtly from other, similar forms, and may differ dramatically according to the nature 

of the perceiver. What then is the value of positing shared underlying meaning between 

surface forms, when the exact meaning that these surface forms have for the perceiver is never 

known in advance? If an equivalence in the meaning of responses is not known prior to the 

perception of an equivalence, then what is the evidence that the shared 'meaning' exists 

anywhere but within the observer's perception of it? It is often the case that the psychologist 

will see that certain forms of response elicit what he or she perceives as a similar set of 

responses within a given audience, and will conclude that the initial set of responses had an 

equivalent inherent meaning. Where does the reality of the similarity lie but in the response 

of the psychologist, and what is the advantage in inferring that there was inherent meaning? 

The behaviourist sees no advantage in such an inference and accepts that any notion of 

similarity lies within the description of behaviour that he or she makes. The fact that the 

behaviourist observes that a set of responses will elicit a coherent set of responses within a 

certain audience, will lead the behaviourist to describe a functional relationship between two 

functionally defined classes of event. The behaviourist will conclude that the members of 

each set of events are functionally equivalent and no more. After all, what is a shared 

'meaning' other than perceived functional equivalence? 

The functional definition of what constitutes a 'stimulus' and a 'response' within 

behaviourist theory is a further factor which increases the range of psychological phenomena 

that can be explained. There are no intrinsic qualities that an event or entity requires in order 

to function as a stimulus or a response. Instead, every event is either a stimulus or a response, 

according to its function in the context in which it is described. Such a situation allows the 

serial chaining of stimulus-response events, where the response term of one operation can 

function as the stimulus term in another. A functional definition of stimuli and responses thus 

enables stimulus-response events to influence one another. No longer must these events be seen 

as discrete and independent. If the functional definition of stimulus and response events is 

combined with the additional concepts of mediation and learning, then complex organisations 

of behaviour can be adequately represented and described in S-R terms. This was argued in the 

previous section dealing with mediating events. Through the combination of these constructs, 

behaviourism is now in a position to propose an explanation of complex psychological 

phenomena such as language. This is a tremendously important advance, as the the inability 

of early behaviourist theory to explain such phenomena constituted a major problem for the 

behaviourist paradigm. 
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The functional definition of stimuli and responses also allows a behaviourist model to be 

applied at any level of investigation. Because there is no set of intrinsic qualities that defines 

an entity as a 'stimulus' or a 'response', these terms can be used to describe the components of 

any type of functional relationship. A functional description can thus be applied to the 

analysis of abstract, molar behaviour such as language, and can also provide an adequate 

description of events at the physiological level. The process of functional description can be 

applied to any type of entity, given that these entities are organised in a lawful manner. This 

is because a functional description deals primarily with the organisation of, and 

relationships between, entities, rather than with the nature of the entities themselves. The 

discipline of psychology covers phenomena that occur at many different levels, ranging from 

conscious experience through to physiological events. The fact that a functional analysis is 

applicable across all such levels of investigation serves to further extend the range of 

phenomena that can be addressed by the behaviourist. 

Learning - The Dynamic Component 

Introduction 

Learning is the dynamic force in the ongoing production of behaviour that allows the 

relationships between stimuli and responses to change with experience. New associations can 

be formed, and existing relationships alte11ed. The ability to learn new forms of behaviour has 

obvious adaptive advantages, providing the organism with a level of flexibility that helps 

it cope with changing environmental circumstances. In S-R behaviourist theory, learning is a 

process of associating stimulus and response events in a lawful manner, so that the recurrence 

of a particular stimulus condition will elicit the response that was most recently associated 

with it. In practice however, the ability of stimulus-response events to interact makes it 

unlikely that the result of any learning operation will be directly apparent in overt 

behaviour. Nevertheless, the behaviourist must assume that the relationship that is formed 

between a stimulus and a response event is lawful and unchanging until such time as a further 

learning operation functions to alter the existing association. 

The fact that the behaviourist must often assume or infer the action of the learning 

principles that he or she proposes, indicates that the behaviourist may address the issue of 

learning from within a theoretical as well as an empirical mode of operation. This division 

will be apparent in the following section concerning the definition of learning. A factual 

definition will be presented first, followed by an overview of the major behavioural attempts 

at defining learning in the theoretical context. This overview will be in the form of a 

discussion of the major divisions or contrasts that have developed within behaviourist 

learning theory. In the final section, a particular view of learning will be proposed as part of 

the present synthesis of behavioural theory. 
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The Definition of Learning 

The phenomenon of learning and the principles that are proposed to account for it, can be 

defined within two different contexts. Hilgard and Marquis (1961) propose that 

"Definitions of learning are of two general sorts which we will 
refer to as factual and theoretical definitions. The factual 
definitions are all alike in that they relate the phenomenon 
of learning to observable events in the physical world. The 
theoretical definitions describe the essential conditions or 
basic processes which the writer believes to be necessary for 
learning to occur." (p. 2) 

The distinction made here between the factual and theoretical types of definition is an 

example of the theoretical-empirical division mentioned earlier in this chapter. The task of 

defining learning within the empirical or factual context has proved to be more 

straightforward than within the theoretical setting. In the empirical context the 

phenomenon of learning can be defined in terms of observable events, and the principles of 

learning can be defined in terms of the experimental manipulations or operations that lead to 

the successful prediction and control of behaviour. The inherent objectivity of this form of 

definition has led to a reasonable level of consensus regarding the empirical definition of 

learning, in spite of the fact that theoretical views remain divided. The presentation of a 

generally accepted empirical definition thus provides an appropriate starting point for a 

general discussion of the behavioural approach to learning. 

An Empirical or Factual Definition 

Following Hilgard and Marquis (1961), a reasonable starting point for the definition of 

learning is given by the statement that 

"Learning refers to a more or less permanent change in 
behavior which occurs as a result of practice." (p. 2) 

The permanence of the change in behaviour is specified in order to preclude the transient 

effects of motivational states, adaptation and fatigue on behaviour. The inclusion of the 

causal influence of practice rules out the effects of factors such as maturation and 

physiological changes. In the context of empirical defintion, learning has the status of an 

intervening variable that mediates between observed events. 

There are however, further issues that need to be taken into account in an empirical 

definition of learning. The first of these concerns the distinction between learning and 

performance. The performance of any specific behaviour may reflect the influence of factors 

other than learning, such as the current level of motivation or arousal. Thus observed 

behaviour does not necessarily provide an accurate measure of the effects of learning. 

Furthermore, learning may occur and not be immediately exhibited in overt behaviour. 

Learning is therefore not simply a permanent change in behaviour, but is instead a change in 

the potential to behave. 
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The second issue that requires attention is the role of practice in learning. Practice alone 

does not produce learning, but only fatigue and extinction. Instead, learning is only ensured 

with the introduction of reinforcement. Hilgard and Marquis (1961) define empirical 

reinforcement in the following manner: 

" ... reinforcement is basically an empirical term which covers 
the fact that there are conditions (reinforcers) which, when 
used appropriately, promote learning." (p. 239) 

In addition to this, Hilgard and Marquis paraphrase Skinner (1938) in the statement that 

" ... reinforcement refers to the occurrence of one of a class of 
events called reinforcers, in the proper relation to the learned 
response; the proper relation being that which tends to 
increase the probability that the response so reinforced will 
recur with the representation of the situation. The failure to 
reinforce a response decreases the probability of occurrence of 
the response." (p. 5) 

Reinforcers are thus events that are observed to increase the probability of a response in a 

given stimulus situation. The reinforcer will only act in this manner if its occurrence is 

appropriately related to the occurrence of the stimulus and response events. There is no 

preconceived notion of what constitutes a reinforcer. Instead, the question as to what types of 

event are reinforcing is answered empirically. This empirical conception of reinforcement is 

termed the "Weak Law of Effect", which stands in contrast to the standard "Law of Effect" 

proposed initially by Thorndike, and followed by later theorists such as Hull. The standard 

Law of Effect assumes that the qualities necessary for an event to act as a reinforcer can be 

specified in advance. The standard Law of Effect will be dealt with fully in the following 

section. 

An awareness of these further complications of the empirical learning situation allows a 

more comprehensive definition to be formulated. Hilgard and Marquis propose that learning 

in the empirical context be redefined in the following manner: 

"Learning is a relatively permanent change in behavior 
potentiality which occurs as a result of reinforced practice." 
(p. 6) 

Such a definition is acceptable to most behaviourists, mainly because it avoids the issue 

of why or how such changes in behaviour occur. Similarly, empirical definitions of the 

'principles' of learning are purely operational and make no claims as to why these operations 

successfully produce learning. Operational descriptions of classical and instrumental 

conditioning procedures provide the accepted empirical 'principles' of learning within 

behaviourism. 

The task of specifying the critical mechanisms and principles that underlie learning is 

left to the theorist. Naturally, behaviourists have attempted to use empirical means in order 

to pinpoint the critical aspect of learning, but these attempts have invariably been 

inconclusive. Not only are there methodological problems in the empirical study of learning 

principles, but the ever-present gap that exists between experimentation and theory 
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introduces uncertainty into the process of drawing theoretical implications from empirical 

findings. What then are the principles that behaviourists have hypothesised to account for 

the fact of learning? 

Theoretical Definitions of Learning -The Various Points of Debate 

It was mentioned earlier that theoretical definitions of learning involve the description of 

the essential conditions or processes that a theorist believes are necessary for learning to 

occur. The history and present status of learning theory is best categorised according to the 

theoretical divisions that have arisen. The major areas of debate will be summarised below. 

The first major topic of debate concerns the nature of the entities that become associated 

via the process of conditioning. This debate not only applies to the context of learning, but is 

also relevant to all theories of general mental functioning. What then are the fundamental 

units or entities that must be dealt with in theories of behaviour? In the context of learning, 

this question has been answered in two ways. 

Historically, the stimulus-response (S-R) school of thought assumed that learning 

involved the association of overt stimulus and elicited response events. This was a 

fundamental assumption of the traditional behaviourist view. 

In contrast, early stimulus-stimulus (S-S) theorists such as Tolman believed that learning 

involved the association of mental representatives (signs) of entities in the environment 

(stimuli). The process of association produces "cognitive maps" of how environmental entities 

relate, and these maps are then used to somehow guide behaviour. These ideas formed the 

basis of the cognitive approach in psychology. The fact that a cognitive map was not 

explicitly linked to specific behavioural outcomes, led to criticisms of this approach on the 

grounds that behaviour remains undetermined. Furthermore, the idea of a mental 

representation being used to guide behaviour requires that something exists to make use of 

such a structure. Problems of the homunculus are thus present in such theories. 

Stimulus-response theories do not suffer from these problems because there is an explicit 

response term included within the primitive learning principle. All associations are made 

according to such a principle and therefore every stimulus will elicit a determined response. 

In the learning context however, is the division between the S-R and S-S views as crucial 

as it first appears? Both approaches adhere to an associationist view of learning in which 

the critical factor is the bonding of certain entities. At no stage do the associationist 

principles of learning proposed by either of the S-S or S-R schools differ according to the 

nature of the entities that are to be bonded. In a discussion of the principles that underlie 

learning, the major issue is how, or by what process, do entities become associated. The nature 

of those entities, and hence the S-S versus S-R debate, is essentially irrelevant. 

Perhaps the most important division in (behaviourist) learning theory concerns the 

specification of the primary principle or condition of association. Debate in this area focuses 

upon the question of what underlies the empirical fact of reinforcement. It was mentioned 

earlier that 'reinforcer' in the empirical context was simply any condition that promotes 

learning. The aim here then,is to specify the general principle or condition that must be 

present in order for learning to occur. This is certainly the area of debate that has shown the 
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least evidence of theoretical convergence. Although this is primarily a theoretical issue, 

empirical investigation and methods suggest two potential principles of association. 

Temporal contiguity is the most apparent condition necessary for classical conditioning to 

occur, while the presence of a rewarding consequence seems to be an essential factor of 

instrumental learning. Empirical evidence thus suggests that learning may rely upon the 

presence of contiguity or reward, or some combination of the two. 

Empirical evidence also indicates that there is one factor that is consistently involved in 

conditioning. Hilgard and Marquis (1961), in their definition of the empirical fact of 

reinforcement, state that 

"Without exception these [reinforcing] events are stimulus 
changes such as accompany presenting food and water ... or 
presenting a stimulus that has a history of being correlated 
with such happenings." (p. 203; italics added) 

Stimulus change is seen to be consistently involved in the promotion of learning. This fact 

provides some common ground for all the major behavioural learning theories, and suggests 

that a theory that emphasises stimulus change as a primary principle may be in a position to 

subsume and therefore unite a large number of these existing theories. This point will be 

expanded in the next section that deals with the view of learning to be included as part of the 

present theoretical synthesis. 

It is also generally accepted that temporal contiguity, at least between the stimulus and 

response, is a necessary component of the learning situation. If a reinforcing event is postulated 

to follow the response term, then there must also be temporal contiguity between this 

reinforcer and the response. Where is it then that standard behavioural learning theories 

begin to diverge? While all behavioural theories accept the principle of temporal contiguity, 

there is considerable debate as to the need for further principles in order to fully account for 

learning phenomena. These theoretical positions will be summarised below. 

The most basic theories of learning are those derived directly from the operational 

guidelines of classical conditioning. Here the sole principle of learning is the temporal 

contiguity or pairing of the items to be associated. In classical conditioning, an association 

develops between the UCS and the CS after these two stimulus events are presented together 

for a number of trials. The CS can thus come to elicit a response equivalent to the UCR. One 

interpretation of this result is that the contiguous presentation of the UCS and the CS causes 

these stimulus terms to become associated. By its association with the UCS, the CS thus gains 

the power to elicit a response (CR) similar to the UCR. There are several problems however 

with this interpretation that have become apparent through empirical investigation. The 

relationship between the UCS and the UCR seems critical to successful conditioning, which 

would indicate that the association that is learned does not involve only those terms that are 

temporally contiguous (the UCS and CS). Also, the CR has been shown to consistently differ 

from the UCR. This implies that the new ability of the CS to elicit the CR is not simply due 

to the "stimulus substitution" that would result from the pairing of the UCS and CS. These 

results are more plausibly accounted for in 'reinforcement' terms. 

The second class of learning theory proposes that contiguity is the primary principle of 

association, but that the event following the response is also significant to the learning 
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operation. The event following the response can be referred to as a 'reinforcer', even though it 

has no direct causal role in the formation of the S-R association. This is the position taken by 

Guthrie(1935, 1959, 1960), who argues for contiguity as the principle of association, and views 

reinforcement as nothing more than the occurrence of stimulus change. He proposes that a 

stimulus condition will be continuously associated to responses until such time as the that 

particular stimulus condition is removed. The term 'removed' in this context means simply 

that the stimulus situation changes and so the 'old' stimulus situation is no longer present. 

Stimulus change is an important reinforcer in Guthrie's conception of learning, because it 

automatically protects the association formed between the stimulus and the response that 

occurred closest to the removal of that stimulus. Once the stimulus situation is gone, no other 

responses can be conditioned to it, and the last association made remains intact. While this 

type of reinforcement is not causal in the traditional sense, it brings about the automatic 

selection of response events that were likely to have produced the removal of the stimulus. 

These response events remain associated to the stimulus. Guthrie's account of learning can 

successfully explain all of the major learning phenomena. 

An important aspect of Guthrie's model is that there is no intrinsic property of any event 

that defines it as a reinforcer. Successful reinforcement is therefore not dependent upon the 

nature of the 'consequence' that follows a response. Any stimulus change is reinforcing. This 

separates Guthrie from other theorists who contend that the nature of the consequence is 

critical to learning. 

The last major theoretical approach to learning again proposes that temporal contiguity 

is a necessary condition for learning to occur. The response must be contiguous with the 

stimulus, and a rewarding consequence must follow the response. As with Guthrie then, this 

view of learning involves reinforcement, but the intrinsic nature of the reinforcer is also seen 

as important. The association of the stimulus and the response is made conditional upon the 

rewarding nature of the reinforcing event. Stimulus change is not seen as a sufficient condition 

for reinforcement. An implication of this model is that the reinforcer following the response 

has a causal influence upon the formation of the stimulus-response association. The fact that 

the reinforcer must act backwards in time to influence the stimulus-response association has 

been a problem for this type of theory. A further problem for models such as this has been the 

apparent inability to satisfactorily specify the qualities that a reinforcer must have in order 

to facilitate learning. Theorists who adhere to this type of model have insisted however 

that the properties of a rewarding consequence can be specified. Often such theorists believe 

that the form of a rewarding event, or more specifically a primary reinforcer, is innately 

determined. 

The first statement of such a theoretical position was made by Thorndike (1911) in his 

proposed ''Law of Effect". Thorndike defined the Law of Effect in the following manner: 

"The Law of Effect is that: Of several responses made to the 
same situation, those which are accompanied or closely 
followed by satisfaction to the animal will ... be more firmly 
connected with the situation, so that, when it recurs, they will 
be more likely to recur; those which are accompanied or 
closely followed by discomfort to the animal will ... have 
their connections with that situation weakened, so that, when 
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satisfaction or discomfort, the greater the strengthening or 
weakening of the bond." (p. 244) 
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For Thorndike then, the critical property of the reinforcer was its power to satisfy or to 

produce discomfort. As was mentioned above, a major problem with this type of learning 

principle lies in the objective definition of the reinforcing events. Many attempts have been 

made to define the meaning of Thorndike's "satisfaction" and "discomfort". Perhaps the most 

significant Law of Effect theorist, Clarke Hull, defined a reinforcing (or satisfying) event in 

terms of its need or drive reducing quality. This definition did not prove satisfactory however, 

so Hull later proposed that it was the reduction of drive-related stimuli that was the 

essential feature of a reinforcer. Note here that Hull, whose primary interest was the 

intrinsic "tension reducing" aspect of reinforcement, was forced to accept a position that 

treated reinforcement primarily in terms of stimulus change. Neo-Hullians such as Miller 

(1941) also produced theories that defined reinforcement in terms of drive-stimulus reduction. 

Interestingly, Thorndike, the apparent 'father' of theories that propose the existence of 

intrinsically rewarding events, does not define his terms of reinforcement in this manner. 

Thorndike's view of reinforcement was more in line with that of Skinner than of Hull. He 

defined the concepts of "satisfaction" and "discomfort operationally: 

"By satisfying state of affairs is meant one which the animal 
does nothing to avoid, often doing such things as to attain or 
preserve it. By a discomforting or annoying state of affairs is 
meant one which the animal commonly avoids and abandons." 
(p. 245) 

While theories based upon a notion of intrinsically rewarding events such as Hull's are 

intuitively appealing, they have difficulty explaining some learning phenomena.1 

Overall then, attempts at a theoretical definition of learning can be summarised in the 

following manner. Temporal contiguity, at least between a stimulus and a response is 

generally accepted as a fundamental principle. Most plausible theories also accept that some 

further event, commonly labeled a reinforcer, is significant in the phenomenon of learning. 

There is considerable debate however as to the status of such an event. For theorists such as 

Guthrie, the fact that stimulus change occurs, provides a sufficient condition for 

'reinforcement'. Others argue that the reinforcer must have a particular quality, and the 

strengthening of the association between a stimulus and response is conditional upon the 

presence of such a quality in the reinforcing event. If this view of learning is adhered to, the 

question arises as to the definition of a reinforcer in terms of the critical qualities that it must 

manifest. The adequate definition of an intrinsically 'rewarding' event has been problematic. 

Many theorists believe that the status of a particular type of event as reinforcing is innately 

determined. The final issue involves the causal role of contiguity versus reinforcement. Some 

theorists believe that temporal contiguity is the sole causal principle that acts to associate 

stimuli and responses. Others hold the view that the reinforcing event following the response 

1For example, drive reduction theorists have difficulty explaining avoidance learning. See Hilgard and 
Marquis (1961), p. 267. 
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also affects the formation of the S-R association. Those who accept that there are some 

predetermined qualities that define a reinforcing event are forced to accept the latter view of 

causality. 

The discussion so far has dealt with the debate surrounding the nature of the entities 

that are associated, and the principles by which associations are formed. A further point of 

debate within behavioural learning theory concerns the nature of the association itself. Is the 

link between two entities a variable strength association that is gradually strengthened or 

weakened over a series of learning operations, or is it an "all-or-none" association that can be 

formed and broken in a single trial? This is the central question in the continuity (gradual) 

versus non-continuity (all-or-none) debate which deals with the discovery of the 'true' 

learning function. Empirical learning curves display gradual changes in the degree of 

performance over learning trials. Continuity theorists such as Hull and Spence take this result 

at face value, positing formulae to describe the gradual increase of "habit strength" that is 

achieved through reinforced practice. 

Non-continuity theorists such as Guthrie believe that conditioning is complete in a single 

trial, and that the apparently continuous and gradual form of the empirical learning function 

results from performance related variables. Guthrie proposes that there is a different 

stimulus situation on every trial, even where the experimenter attempts to control the 

environmental conditions. On any trial the stimulus conditions present will be conditioned to 

the response, but from trial to trial there will only ever be a sample of that conditioned 

stimulus population present. With practice, the proportion of already-conditioned stimuli 

present on any trial gradually increases and it is this fact that creates the gradual 

appearance of empirical learning curves. 

This view of Guthrie's fits well with the concept of a stimulus set that was proposed 

earlier in this chapter. It was hypothesised that in any given stimulus setting, there will be a 

complete set of relevant stimuli, each of which may be associated with a different response. 

These stimuli interact to produce a response set. This is similar to Guthrie in that behaviour 

in any given situation is seen as resulting from the influence of a set of more molecular 

conditioned associations. 

There is evidence however of a degree of theoretical convergence between the continuity 

and non-continuity approaches. As Hilgard and Marquis point out, Spence (1956, pp. 108-109) 

includes a random performance factor in his continuity theory of conditioning. In the 

hypothetical case of perfect control over the stimulus situation, Spence predicts complete 

conditioning on the first trial that the reaction potential goes over threshold. While there 

remains the notion of a threshold on a continuous scale, conditioning proceeds in a more step

wise than continuous manner. 

In spite of some level of theoretical convergence, the division between the continuity and 

non-continuity positions does not become trivial. Non-continuity theories have no notion of 

association strength, while such a concept is central to the explanation of behaviour proposed 

in continuity models. It will be argued in the next section however, that a non-continuity 

theory such as Guthrie's can be interpreted as including a notion of associative strength when 

it is examined at a molar level. 
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The final major division that is apparent in behavioural definitions of learning concerns 

the critical component of the reinforcing event. In the hypothetical learning situation 

involving stimulus-response-reinforcer, what is it about the reinforcer that makes it a key 

component in the formation or strengthening of the stimulus-response association? In other 

words, what is the essential factor that underlies the empirical fact of reinforcement? Many 

of the arguments surrounding this issue have already been mentioned in the discussion of the 

fundamental principles underlying learning. These arguments will be built upon below. 

The first alternative is to suggest that there is no critical aspect of reinforcement needed 

to form the association between stimulus and response. This is of course Guthrie's view of 

learning. Contiguity is the principle of association, and reinforcement merely 'selects' a 

response to be associated with a given stimulus. It is the occurrence of the reinforcer that is 

critical to learning rather than any inherent quality of the reinforcing event. All 

reinforcement is simply stimulus change. 

Within theories that assume the existence of some causally significant attribute within 

all reinforcing events, there are three standard views of reinforcement. The critical 

reinforcing component is seen as coming either from tension (drive) reduction, stimulus 

presentation, or from the act of responding itself. The view that some responses are inherently 

reinforcing is the least popular view, mainly because the empirical evidence for such a view 

is always interpretable in terms of tension reduction or stimulus presentation. 

The idea that reinforcement involves the presentation of stimuli is often based on the 

assumption that some forms of stimulation are innately reinforcing. Gaining such stimulation 

thus constitutes a reinforcing event. There is a large amount of evidence for the role of 

stimulation in reinforcement. Taste stimuli for example can reinforce behaviour in the absence 

of drive reduction. Direct brain stimulation can be used as a reinforcer, as can the opportunity 

to explore novel stimulus situations. 

Reinforcement is most commonly conceived as a matter of tension or drive reduction. The 

standard Hullian view for example was that drive reduction must be inherent in any event for 

it to function as a primary reinforcer. As was mentioned earlier, Hull had to modify this view 

to one that relied upon the removal of drive-related stimuli. The neo-Hullians Miller and 

Dollard (1945) defined a 'drive' in the following way: 

"A drive is a strong stimulus which impels action. Any 
stimulus can become a drive if it is strong enough." (p. 15) 

To Miller, reinforcement was drive-stimulus reduction, and given that any stimulus can be 

classified as drive "if it is strong enough", reinforcement is simply stimulus reduction. 

There is an obvious overlap in the theoretical positions outlined here. Some theorists see 

reinforcement as a matter of stimulus acquisition, while 'drive' theorists contend that 

reinforcement must involve stimulus reduction. To combine these approaches, all that need be 

said is that reinforcement is dependent upon stimulus change; which is exactly the position 

outlined by Guthrie. 

Overall, many of the divisions within behavioural learning theory are not as 

substantial as they first appear. There are distinct trends of theoretical convergence within 

the arguments concerning what is to be associated (S-S vs S-R), the 'true' form of the learning 
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curve (contiguity vs non-contiguity) and the critical component of reinforcement. There has 

been no such trend however in the debate concerning the primary principle or principles of 

learning. While the role of temporal contiguity is generally accepted, there is considerable 

argument as to the need for, and possible role of, additional learning principles. As part of the 

process of producing a modern synthesis of S-R behaviourist theory, a plausible resolution of 

this debate will be presented. The learning principles presented below are seen as the most 

acceptable in light of the preceding analysis of learning theory, and most desirable in the 

context of the theoretical synthesis that has been developed thus far. 

The Leaming Principles of the Theoretical Synthesis 

Physiological Assumptions 

By way of introduction it is necessary to make two related assumptions concerning the the 

associative process of learning. First, association is assumed to be a phenomenon that occurs in 

the central nervous system (CNS). Thus when a functionally defined 'stimulus', 'response' or 

'reinforcer' is described in the learning context, it is assumed that such an event exists in the 

form of a pattern of CNS activation or stimulation. Consequently, when a stimulus and a 

response are said to become associated, it is actually the CNS 'traces' of these events that 

become linked. It can therefore sometimes be beneficial to conceptualise all significant 

learning and behavioural events as resulting from patterns of neural stimulation. 

The second assumption is that patterns of CNS activity, once initiated may live on 

beyond the duration of the physical events that caused them (sensory stimuli), or that they 

caused (motor response). This allows the interaction of stimulus-response events in the 

production of behaviour, and also allows the association of temporally proximal events in the 

context of learning. Association is assumed to occur between concurrent members of the active 

set of stimulus-response traces. The membership of the active trace set is continually 

changing, with the traces of new stimulus or behavioural events being added, and the traces of 

older events fading away. This conception of the active set has distinct similarities to 

common notions of attention. In fact, it has been suggested that the contents of attention 

provide the elements for association.1 It is assumed here that it is not necessary to be 

consciously focused upon events in order that they become associated. Instead, events can be 

associated if they have impinged upon or occurred within the organism, and the organism has 

the potential to be aware of them. This is essentially a distinction between the scope of 

awareness (potentially focused upon) and the focus of attention. 

The Principles 

The learning component of the present theoretical synthesis follows the lead of Guthrie 

rather than Hull. The primary principle of association is that of temporal proximity. Events 

1Guthrie (1959), pp.186-189. 
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that occur within a certain temporal distance of each other, or whose physiological 'traces' 

are simultaneously active, will be automatically associated. The implementation of such an 

associative process is a neural or physiological phenomenon, and requires no further 

discussion. Under a continuous or gradual view of learning, the automatic association of 

stimuli and responses involves the strengthening of existing associations. Potential 

associations therefore exist between all stimuli and responses. The strength of an association 

between two entities that have never been simultaneously active is nil. Again the method by 

which this is achieved is a neural issue not directly relevant to the present discussion. If an 

all-or-none view of conditioning is favoured, then the process of automatic association 

involves the formation of new links and the possible removal of other links that already 

exist. It will be argued below that it is possible to hold either a continuity or non-continuity 

position, as long as certain criteria are met. 

Temporal proximity is not however the only significant principle operating in the 

complete learning situation. Again following Guthrie it is proposed that 'reinforcement' exists 

in the form of stimulus change. The occurrence of stimulus change marks the end of one learning 

operation and the onset of another. Through the occurrence of reinforcement, a particular 

stimulus situation is 'removed' and no further responses can be conditioned to it. In an all-or

none view of learning, the most recent association made to the stimulus completely replaces or 

overwrites previous associations to that stimulus. Stimulus change, or the removal of a 

particular stimulus situation, therefore functions to protect the most recent association that 

has been formed. The stimulus remains associated to a response that was temporally close and 

antecedent to the removal of that stimulus. Such responses are likely to be causally 

significant with regard to the removal of the stimulus to which they are associated. This 

scheme thus favours the retention of responses that are likely to produce effects relevant to 

the current stimulus situation. 

While Guthrie maintained an all-or-none model of association, such a model is not the 

only plausible possibility. All that is required in order to fit with the rest of Guthrie's theory 

is that there is some bias toward the learning of events that occur near the time of stimulus 

change. The need for such a bias does not rule out the possibility that learning could be a 

gradual process, where the strength of an association is altered by the learning operation. 

Even if an all-or-none view of association is accepted at the molecular level, some notion 

of association 'strength' can be retained at a more molar level. In the empirical context for 

example, the pieces of behaviour that are being functionally described as single units, are 

often exceedingly complex and interacting sets of stimulus-response events. While each S-R 

component of such a molar unit may comply to an all-or-none model of association, the 

behaviour of the unit as a functional whole may appear to change gradually. Guthrie's notion 

of association 'strength' for molar units of behaviour is evident in his explanation of the 

gradual nature of the empirical learning function. The degree of learning, or the strength of 

the association between stimulus and response sets, is dependent upon the proportion of the set 

members that are appropriately conditioned. Obviously when Guthrie talks of the stimuli 

involved in an all-or-none learning operation, he is referring to a very molecular entity such 
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as a muscle movement.1 If the theorist cares to couch his or her description at a more molar 

functional level, Guthrie would have no argument with the concept of an association strength 

between stimulus and response sets. 

Overall, the fundamental principles of learning described here are very simple. 

Association occurs automatically, and is not dependent upon any 'decision' as to the rewarding 

quality of a consequence. Reinforcers do not have to cause anything to happen; they simply 

occur. Why then is this view of learning, which is essentially that of Guthrie, deemed to be 

the most appropriate for a modern synthesis of behaviourist theory? 

Why Support this View of Learning? 

The trends evident in the preceding summary of behavioural learning theory indicate that an 

approach similar to that of Guthrie would be most appropriate. In the debate regarding the 

nature of the learning function, Guthrie's all-or-none view was shown to be similar to the 

supposedly gradual view of conditioning proposed by Spence(1956). Furthermore, it has been 

argued above that Guthrie's non-continuity view is cast at a very molecular level, and does 

not stand in opposition to the concept of a gradual increase in association strength between 

more molar behavioural units. In the debate surrounding the critical component of 

reinforcement, the Law of Effect or drive theorists are forced to conclude that reinforcement 

involves stimulus reduction. Other theorists maintain that a reinforcing event is one in which 

certain classes of stimulation are obtained. As was noted earlier, the theory of Guthrie, in 

which reinforcement is simply stimulus change, subsumes these rival positions. The most 

central point of contention in learning theory concerns the nature of the fundamental principles 

of conditioning. Those theorists who support a view of learning based solely upon temporal 

contiguity have encountered problems in explaining various learning phenomena. This has 

also been the case with Law of Effect theorists (except Thorndike!) who propose that 

reinforcers must have some intrinsically rewarding property. The Law of Effect or 'tension 

reduction' approach has also been unable to adequately define the necessary qualities of a 

rewarding event, and has also been criticised for the model of causality that it presupposes. 

Overall, some notion of reinforcement appears necessary to account for learning phenomena, 

yet there seems no way that the inherent nature of a reinforcer can be adequately 

predetermined. The model proposed by Guthrie includes the concept of reinforcement, and does 

not require that the nature of any specific reinforcing event be specifiable prior to its 

occurrence. 

Guthrie's theory of learning can also successfully explain all the major learning 

phenomena. His approach can account for experimental results that pose problems for 

alternative models of learning. In fact, a major criticism of Guthrie's theory is its apparent 

"invulnerability". As Hilgard and Bower (1981) put it 

1Guthrie in fact uses the term "movement" in his description of learning operations. For example, the 
proprioceptive feedback from a muscle "movement" may provide the stimulus for a learning 
operation. Such descriptions of learning are certainly "molecular'' or low-level. 



"One of the sources of uneasiness about Guthrie's system lies in 
its assured answers to the problems of learning - answers that 
remain unchanged through more than forty years of active 
psychological experimentation. Experimental controversies 
finally become resolved as we learn about independent 
variables that modify the measured consequences. No matter 
how these issues get resolved, Guthrie's system remains 
unchanged. Either the system is a miraculously inspired one or 
it is not very sensitive to experimental data." (p. 93) 
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The logic and assumptions inherent in this comment are dubious to say the least. The 

implication is that a theory is in some way suspect if it has not had to undergo change in order 

to account for experimental results. Apparently theories that require constant alteration are 

more desirable: 

"Even a loose system such as Thorndike's went through 
revisions on the basis of evidence ... [and] Hull's system was 
[also] continuously being revised to meet experimental fact." 
(Hilgard and Bower, p. 93; square brackets added) 

Surely the need for constant revision is more an indication of theoretical weakness than of 

strength. 

Furthermore, the implied criticism of Guthrie's system rests upon the further implication 

that the theory is not precisely stated. Nowhere is it argued that this is in fact the case. 

Apparently the explanatory power of Guthrie's theory concerns other psychologists. 

Given the power and explanatory success of Guthrie's system, the question may of course 

be asked as to why it is not popular today. Hilgard and Bower(1981) conclude that 

"The particular set of behaviourist renditions of it 
[associationism] given by Guthrie seem to have lost their 
appeal to succeeding generations." (p. 94; square brackets 
added) 

Perhaps this is further evidence for the lack of any causal 'truth' criteria working to select 

appropriate theory in psychology. While a rationalist should be baffled by the demise of 

Guthrie's system, the behaviourist is not. Such an approach has simply not survived. 

A further reason to accept the position of Guthrie in the present context is that his theory 

of learning is completely consistent with a functionalist form of behaviourism. The terms 

'stimulus' and 'response' are are defined as functional entities, and all the major components of 

Guthrie's theory are defined in terms of stimuli and responses. This includes reinforcement, 

which is defined as simply the occurrence of stimulus change. The flexibility gained from the 

use of a functional approach allows Guthrie's system to explain learning in situations where 

the apparent reinforcer does not seem innately rewarding.1 The functional approach to 

learning, and more specifically to reinforcement, can also adequately explain those situations 

where learning appears to occur because of the intrinsically rewarding nature of the 

consequence. For example, the reduction of 'drive' stimuli that occurs when a rat is presented 

1For example, learning can occur where the "reinforcer" is nothing more than the chance to explore, or 
the occurrence of stimulus change. See Hilgard and Marquis (1961), p. 253-258. 
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with water after bar-pressing, is simply an example of reinforcement through stimulus 

change. Drinking will alter the stimulus situation, leaving some component of the bar

pressing response associated to the initial stimulus condition. There is no problem with the 

fact that it is innately determined that behaviour such as drinking reduces certain stimuli in 

the organism. This does not imply that a primary reinforcer must be 'hard-wired'. The 

association between drinking and the reduction of certain internal stimuli is merely another 

example of an S-R association that has been 'learned' or selected for through the process of 

evolution. The fact that such an association is innate, and can be described in terms of its 

relevance to drive reduction, does not give it any greater status as a reinforcer in the context of 

learning. The innateness of such an association merely increases the probability that stimulus 

change will consistently follow the drinking behaviour of a water-deprived organism. This is 

no more than a special case of the general principle of reinforcement through stimulus change. 

The learning principles outlined above are also appropriate to a functional form of 

behaviourism because the process of learning requires nothing other than that stimulus and 

response events occur. It is a fundamental assumption of behaviourism that there is nothing of 

causal significance beyond the simple occurrence of associated stimulus and response events. 

Unlike Guthrie's conception of learning, "reward" notions of reinforcement do not fit well with 

this fundamental behaviourist proposition. There are two problematic aspects of this 

"reward" notion of reinforcement. 

The first of these problematic aspects concerns conditional causality. In a "reward" 

theory of reinforcement, the association of a contiguous stimulus and response is made 

conditional upon the rewarding quality of the event that immediately follows the response. 

If such an event has the 'appropriate' quality, then it will 'reinforce' the association between 

the preceding stimulus and response. The mere occurrence of a significant event immediately 

after the stimulus-response pairing is not deemed a sufficient condition for learning to take 

place. 

'True' behaviourism does not include the notion of conditional causality. Events affect 

other events simply according to whether they occur. Thus to propose that the causal 

influence of a 'reinforcing' event depends upon criteria other than the fact that such an event 

happened, is not consistent with the assumptions of behaviourism. To make the effect of a 

potential reinforcer conditional implies that a 'decision' is made as to whether certain 

conditions are met. Such a notion carries with it the further implication that there is some, 

possibly intelligent, component within the causal system that can make such decisions. There 

is an unavoidable explanatory regress inherent in this type of theorising. An assumption of 

behaviourism is that all causal events occur at the same level. Consequently it is impossible 

to hypothesise the existence of some causal influence that can make assessments of 

behavioural events. Such a causal entity would have to exist at a level outside that of 

behaviour. Consequently, explanatory concepts such as 'decision' have no place in 

behaviourist theory. 

The second problematic issue is related to the point made above. The causal influence of a 

reinforcing event is seen as dependent upon whether it has the 'appropriate' rewarding 

quality. While it is easy for the behaviourist to describe a reinforcer in terms of its 

appropriate qualities, it is dangerous to infer that 'appropriateness' is a causal criterion of 
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the learning process. This would imply that the causal system 'knows' what is appropriate. 

Again this implies the existence of some intelligent component of the causal system, and is not 

consistent with the tenets of behaviourism. 

In contrast, a model of learning such as Guthrie's is completely consistent with the 

fundamental behaviourist approach. It places no conditional constraints upon the process of 

association and therefore avoids the necessity for any problematic 'decision' to be made. 

Learning is explicable purely in terms of stimulus and response events, as they occur in their 

natural order. There is no problem of the retroflexive causal influence of the reinforcer, simply 

because the reinforcer is not a causal event in the usual sense. Reinforcers, as stimulus change, 

do not cause anything; they simply occur. There is therefore no need to judge a reinforcer in 

terms of its 'appropriateness', or by any other criterion. 

Further support for the view of learning proposed here lies in the significant parallels 

that exist between the learning theory of Guthrie and the theoretical approach of both 

Skinner and Darwin. For both Skinner and Guthrie, a reinforcer has a similar theoretical 

status. A reinforcer is not seen as playing a causal role in the formation of a bond between a 

stimulus and a response. Both Skinner and Guthrie would also claim that the form of a 

reinforcing event is not determinable in advance, because there is no defining property that a 

reinforcing event must have (It was noted earlier that Thorndike also defined his concepts of 

"reward" in purely operational terms). These theorists also view the role of a reinforcer in 

the learning context in a similar manner. The fact that reinforcement occurs at a certain time 

will mean that some associations and hence behaviours will survive while others do not. 

While reinforcement does not actively select behaviour, the fact that it occurs does affect the 

future responding of the organism. Like Skinner then, Guthrie has taken what amounts to an 

evolutionary (Darwinian) approach to learning, where many associations are made, but only 

certain relationships survive to be manifest in later behaviour. The difference between 

Skinner and Guthrie lies in the fact that Skinner is not an associationist. He does not posit the 

formation of causal links between stimuli and responses. In the learning situation this 

difference is evident in the fact that Guthrie would see the selection of associations as 

underlying the survival of certain responses, while Skinner would ignore the role of 

association and concentrate study directly upon the survival of behaviour (Skinner, 1974) 

Given the significant similarities in the position taken by Skinner and Guthrie, it is 

interesting that the work of Skinner is probably the most influential force in behaviourism at 

present, while Guthrie's model is now largely ignored. The current acceptance of the value of 

Skinner's system can thus be taken as direct support for the work of Guthrie. 

The theories of Skinner and Guthrie portray a distinctly Darwinian or evolutionary 

theme. Darwin's model of natural selection is generally accepted as an explanation of the 

current form of any particular species, including any innate behaviour that the members of 

such a species may exhibit. Most Law of Effect or "reward" theorists for example would refer 

to the process of natural selection to account for the presence and form of innate, causal 

reinforcers. Hull was one such theorist who believed strongly in the importance of survival 

value as a determining criterion. Thus, if "reward" theorists cared to fully trace the causality 

of behaviour, they would ultimately refer to the process of natural selection - a process which 

is equivalent to the model of learning proposed by Guthrie. The fact that "reward" theorists 
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accept the evolutionary model proposed by Darwin implies the tacit acceptance of Guthrie's 

learning model. 

Overall, a model of learning similar to that proposed by Guthrie is included in the 

theoretical synthesis being developed here. This type of model is included for three main 

reasons. First, the position outlined by Guthrie is found to be the theoretical alternative most 

consistent with the fundamental tenets of behaviourism. Second, this approach has excellent 

explanatory power, and can successfully account for all of the major learning phenomena. 

Third, Guthrie's approach to learning does not stand as a mutually exclusive alternative to 

other models of learning. Instead, the approach of Guthrie can successfully subsume 

apparently opposing models of learning such as those based upon "reward" or "drive". 

Standard Criticisms and Replies 

The presentation of a theory is most often undertaken in order to provide a plausible 

explanation of certain phenomena. To achieve this, first it is necessary to demonstrate the 

internal consistency and logical form of the proposed theory. This initial presentation must 

also show that the theory has the potential to function as a powerful explanatory tool. In 

order to complete the task however, it is necessary to directly apply the proposed model in 

the explicit explanation of the phenomena of interest. 

The presentation of stimulus-response theory thus far has fulfilled the initial 

requirement mentioned above. So as to make some attempt to fulfil the second requirement, a 

brief outline of a behaviourist account of language production will be presented below. The 

ability of a theory to adequately account for the complexity of language is a benchmark often 

referred to by cognitive and linguistic theorists. Needless to say, the most common conclusion 

of these theorists is that a behaviourist account is inadequate in the context of language 

'comprehension' and production. Thus, while language production is only one of the many 

phenomena of interest in psychology, it seems an appropriate example of behaviour upon 

which to focus. 

The value of a theory is also judged according to its ability to answer criticism. 

Behavioural theories have been vigorously and unceasingly attacked by the proponents of 

alternative approaches in psychology. Most recently these attacks have come from the 

theorists heading the revival of the cognitive paradigm. In order to exemplify the nature of 

the attacks leveled at behaviourist theory, the following section will also contain a brief 

rebuttal of the criticisms of behaviourism presented by the cognitivists Bower and Anderson 

(1973) in their publication 'Human Associative Memory'. Bower and Anderson focus upon 

memory phenomena as an example of the type of complex behaviour that cannot be 

adequately accounted for by S-R theory. 

Both of the topics of discussion in this section therefore involve an examination of 

behavioural accounts of complex phenomena (language production and remembering). The 
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behavioural explanations of such phenomena rest upon the inclusion of internal or mediating 

events in stimulus-response theory. It has been argued earlier that internal events can be 

legitimately included in behavioural theory. Assuming that these arguments are accepted, it 

is now possible to present an explanation for specific complex phenomena.While the focus 

here is upon language and memory, it is important to realise that the following discussion is 

applicable to any example of complex behaviour, including other traditionally problematic 

phenomena such as problem solving, intentionality and purposiveness. 

A Behaviourist Account of Language 

Many criticisms of S-R theory rest on its perceived inability to account for any behaviour with 

organisation more complex than serial chaining. Human language is an example of such a 

behaviour as it exhibits interdependencies and patterns that go beyond the simple 

concatenation of linguistic units. How then do behaviourists account for the production of 

complex language structures? 

A key point of the behaviourist explanation of language is the realisation that language 

production is simply another behaviour that occurs in a certain context. When the internal 

organisation of an exhibited piece of language is to be explained, it is therefore necessary to 

deal with the complete stimulus situation in which the speaker produced that language. The 

apparent interdependencies between elicited language units is often an example of the classic 

"3rd variable" problem that plagues causal analysis in psychology. While the form of one 

language unit appears to be dependent upon the form of another, possibly distant language 

structure, it is often the case that this regularity is actually determined by a third external 

factor (environmental stimulus) that influences both of the observed language units. Linguistic 

'rules' do not act as true third variables, in that they still work to determine the form of one 

linguistic unit, according to the form of other existing units. In this way, the relationship 

between two units is not caused by a force completely outside the present language being 

generated. Where a third variable is involved, two linguistic units are therefore not 

interdependent in any way - the form of one is not influenced by the existing form of another. 

Their apparent relationship is simply due to the fact that both their elicited forms are 

caused by the same external stimulus. 

A concrete example is needed to clarify this present point. Zuriff (1985) uses the sentence 

"The men whom you saw yesterday are now here." (p. 132) 

to portray the complex, non-serial organisation of language. The fact that "are" is present 

instead of "is", seemingly depends upon the sequentially remote use of "men" as opposed to 

"man". Also, the use of "whom" is, in linguistic terms, dependent upon the presence of "you" 

which occurs after "whom" in the sentence. For the linguist, and for many cognitivists, the 

production of "are" would come from the application of an appropriate rule that would 

specify the correct forms that can follow the use of a plural subject in a sentence. 

For the behaviourist, any such apparent dependency is illusory, and any relationship 

between the forms of the elicited words, stems from the general influence of an environmental 

stimulus condition. This stimulus condition can thus be seen as a "third variable" that exists 
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outside of the language structure yet exerts a causal influence upon the form of that structure. 

A certain stimulus condition may produce a "readiness to respond" in various functionally 

defined classes of verbal response. It is the continued action of this stimulus that creates any 

apparent regularities and coherence within elicited language. Thus to explain how "are" 

came to be present in the same sentence as "men", the behaviourist would propose that there 

was some stimulus present that produced a "readiness to respond" in certain classes of verbal 

response that included "men" and "are", and did not include "man" and "is". One possible 

description of such a class of response could be 'the set of masculine plurals'. There may have 

been, for example, more than one man standing in front of the speaker at the time, and this 

could act as the stimulus situation that produced this discriminative "readiness to respond". 

This environmental stimulus can influence the production of the entire sentence, and so be 

responsible for the consistency in the use of "men" and "are" by the speaker. Similarly, certain 

environmental conditions would be present prior to the emission of the sentence that would 

predispose (a readiness to respond) the speaker to say both "whom" and "you". To deny that 

the form of "whom" depends upon the presence of "you", avoids any problem with the fact 

that "whom" precedes "you" in the sentence. 

Overall, then, an environmental stimulus will produce a readiness to respond in various 

classes of response, and this readiness will be manifest in the 'choice' of certain consistent 

language forms, such as "we" along with "whom", over possible alternatives. 

It is possible to apply these ideas to a discussion of language production in general. Any 

verbalisation is merely one example of behaviour. The form of any utterance, and even 

whether an utterance is made at all, will depend on a full set of stimulus conditions that have 

occurred within a certain "temporal vicinity", and this set of stimuli will interact to produce 

a novel and coherent verbal response set. The observed dependencies within a piece of 

language do not reflect the influence of a set of grammatical rules, but instead are due to the 

influence of environmental stimulus variables. 

Language Comprehension 

The 'comprehension' of language as a psychological phenomenon does not exist, and so is 

ignored in a behaviourist account of human functioning. The elicited language of one person 

may act as part of the ongoing stimulus situation for the elicitation of responses in another, 

and that is all. In this process, the listener does not 'comprehend' or understand anything, and 

hence there is no phenomenon that requires explanation. There is no meaning inherent in the 

elicited language of an individual that needs to be somehow extracted. 

Behavioural theories can adequately account for other forms of complex behaviour such as 

problem solving. Such theories are also capable of explaining complex traits or themes of 

behaviour such as goal-directedness, intentionality, purposiveness, and flexibility in the 

method of achieving a goal. All of the constructs necessary to explain these types and facets of 

behaviour are present in the theoretical synthesis outlined above. 
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More General Criticisms 

Bower and Anderson (1973) begin their book 'Human Associative Memory' with an 

introductory chapter examining the history of the associationist tradition. Part of this 

chapter involved the presentation of various arguments about which the authors made the 

following claim: 

"Our theory, in rejecting the TMP [Terminal Meta-Postulate], 
therefore is rejecting not only Skinner's radical behaviorism 
but all of S-R associative conceptions. They are just not 
powerful enough to capture the complexity of human memory 
or language." (p. 33) 

The present section will focus upon the arguments of Bower and Anderson that were presented 

to substantiate this claim. 

Bower and Anderson's rejection of behavioural theories is based upon the rejection of a 

meta-theoretical statement that they label the "Terminal Meta-Postulate" or "TMP". The 

TMP is claimed to represent the basic tenets of a behaviourist approach. This statement has 

three component parts: 

1) Sensationist Statement - The only elements required in a 

psychological explanation can be put into a one-to-one 

correspondence with potentially observable elements. These 

elements may themselves be observable stimuli or responses, or 

they may be derived from such observables. These derivatives 

have been variously known as intervening variables, mediating 

responses, sensations, perceptions, images, or ideas. 

2) Connectionist Statement - The elements in Statement 1 

become connected or associated if and only if they occur 

contiguously. 

3) Mechanistic Statement - All observable behaviour can be 

explained by concatenating the associative links in Statement 2. 

While it is possible to see statements 1) and 2) as being consistent with a true S-R 

behaviourist approach, the interpretation that Bower and Anderson make of these terms is 

too restrictive. For the sake of their argument, Bower and Anderson interpret the sensationist 

statement as limiting the range of legitimate behavioural entities to observable elements. 

Also, the concept of association by contiguity is restricted to allow only single associations. 

For example, if the events 'a', 'b', and 'c' occur in that order, 'a' can only be associated with 'b' 

regardless of whether 'c' occurs almost immediately after 'a'. 

The final component of the TMP proposes that the only valid form of S-R organisation is 

the serial concatenation of links between (observable) events. Given that a large proportion of 

this chapter has dealt with the aspects of S-R theory that allow for the complex 

organisation of stimulus-response events, this statement cannot be seen as applicable to a 

behaviourist approach. In fact the TMP, as it is interpreted by Bower and Anderson, is not 
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representative of any form of behaviourist theory beyond the "simple S-R reflex thesis" that 

was presented at the beginning of this chapter. It has already been argued that behaviourists 

themselves recognised the deficiencies in such an approach, and consequently no major 

behavioural theory attempts to adhere to the tenets of the reflex thesis. A rejection of the 

TMP cannot therefore be forwarded as a refutation of stimulus-response behaviourism. Thus 

the arguments presented by Bower and Anderson can be treated as simply irrelevant to 

behaviourist theory. 

Bower and Anderson do go on however, to address the possible introduction of "implicit 

mediating responses" into behaviourist theory. They contend that 

"The presumed distinction between such implicit S-R events 
and the nebulous "ideas" of earlier associationism was based 
on the following restrictions: 
1. The postulated implicit R's were restricted to those which 
were fractional copies of large-scale responses ... 
2. The only implicit stimuli are those corresponding to 
feedback from implicit responses." (p. 30) 

It is proposed that a behaviourist theory that adheres to these strictures will not achieve 

significant gains in explanatory power through the introduction of mediating events. 

A functional form of behaviourism would deny the need for the initial restriction on the 

form of an implicit response. Responses are defined simply in terms of their role in a 

particular stimulus response relationship, and there is no need to tie such responses to overt 

behaviour. The second restriction mentioned above must also be rejected as it denies stimulus 

activity originating from internal receptors such as those involved in monitoring the state of 

the stomach. 

A functional form of behaviourism would thus reject the need for either of these 

restrictions. Whether or not these restrictions are accepted however, is not critical in 

determining the explanatory power of behaviourist theory. It is the ability of many 

mediating events to simultaneously interact and hence produce coherent behaviour that is 

central to behaviourist theory. Neither of the restrictions stated above are directly relevant 

to this issue. Yet Bower and Anderson conclude 

"The apparent power of mediating events comes about because 
S-R theorists literally abandon Strictures 1 and 2 above, and 
allow their "mediating" S-R events to take on precisely the 
surplus meanings of such notions as idea, concept, meaning, 
image, and referent which had been current in the mentalist 
vocabulary of British associationism." (p. 30) 

This conclusion is without foundation. The apparent power gained from the introduction of 

mediation has nothing to do with "strictures 1 and 2". Furthermore, abandoning these 

restrictions does not leave mediating events equivalent to the notion of "idea, concept, 

meaning, image and referent". The distinction between behaviourist conceptions of internal 

events and mentalistic constructs lies in the causal status of meaning and knowledge. 

Behaviourist mediators are not 'meaningful' entities. This has been argued at various stages 

throughout this chapter. Apart from this central difference, there are distinct similarities 
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between cognitive and behavioural notions of internal events.1 These similarities pose no 

threat to behaviourism. 

Bower and Anderson also contend that the status of many behaviourist mediators is that 

of an intervening variable. For example, Hull's concept of "habit strength" is a variable 

which specifies the relationship between an observable stimulus and observable response. 

According to Bower and Anderson the fact that intervening variables remain tied to the 

relationship between observable events "exemplifies the so-called Terminal Meta-Postulate 

mentioned earlier" (p33). Behaviourist theory does not therefore gain explanatory power 

from the introduction of mediating variables. 

Again this argument poses no real problem for the major S-R theories, including that of 

Hull. The mediators contained within many S-R theories have the status of hypothetical 

constructs, as opposed to intervening variables. A mediator therefore ceases to be merely a 

parameter of the direct relationship between two observable events. Instead, mediators are 

seen as significant internal events that occur between an overt stimulus and response. As has 

been argued, such events can, for example, interact to elicit other mediating events or to elicit 

'novel' responses. It is the status of mediators as hypothetical constructs that allows 

significant gains in the explanatory power of S-R behaviourist theory. 

The Reconstruction of Memories 

In an attempt to make their criticisms of behaviourism appear less abstract, Bower and 

Anderson focus upon specific memory phenomena that they claim cannot be explained 

adequately in S-R terms. Three overlapping memory phenomena are presented. The first 

concerns the apparent ability of people to exhibit some "retention of knowledge" of situations 

in which they did not overtly respond. The second phenomenon is the fact that many 

"surface" forms of language can apparently represent the same underlying meaning. As part of 

an example, Bower and Anderson state that the 

"recollection of Mr Addison Sims can be stimulated and 
retrieved by a multitude of different stimuli." (p. 34) 

The conclusion that Bower and Anderson draw from the evidence of multiple retrieval cues for 

the same fact is that 

''Knowledge about events ... is a complex set of conceptual 
relations, and a very diverse variety of inputs (perceptual and 
linguistic) can tap into that knowledge structure." (p. 34) 

The last difficulty that is perceived to exist in a behavioural account of remembering is that 

such a view 

1For example, Zuriff contends that cognitive notions of learning based upon knowledge acquisition 
"would be acceptable by behaviorist standards if "knowledge" could be shorn of its connotations of 
consciousness and viewed as a theoretical concept mediating between the environment and 
behavior." (Zuriff, p. 111). 



"ignores our ability to paraphrase and recast linguistically 
the basic conceptual facts about events. One can say "I met Mr. 
Sims on the commuter train to Chicago" just as well as ''While 
riding into the Windy City on the 8.35, I bumped into Joe"; for 
an appropriate audience and context, these two sentences 
assert the same propositions or conceptual relations despite 
having almost no content words in common." (pp. 34-35) 
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This idea is further reinforced with the example of the linguistic ability to redescribe an 

event in a foreign language. In these cases, there is no chance of explaining the remembering 

behaviour in terms of the reproduction of overt responses learned earlier. 

Again it is obvious that these criticisms are being leveled at the simple S-R reflex 

behaviourist model. For an S-R theory positing the existence of mediating stimulus-response 

events, learning in the absence of an overt response is easily explained. It has also been shown 

that 'novel' responses can result from a system of interacting stimulus-response events. The 

fact that a person may exhibit remembering behaviour that has never before been elicited is 

therefore not a problem for behaviourism. 

The second major aspect of the criticisms presented by Bower and Anderson concerns the 

fact that many "surface" forms of language can apparently be used to access and to 

communicate the same "propositions or conceptual relations". Most behaviourists would not 

bother to reply to such a statement, simply because they would contend that no such 

phenomenon exists to require explanation. Behaviourism rejects the notion that there is any 

underlying meaning that is carried in language or reflected in any other form of behaviour. 

Bower and Anderson thus attempt to create a problem for behaviourism by assuming that the 

inferred phenomena of cognitive science exist in the real world. The behaviourist would argue 

that the presence of knowledge or meaning can only ever be inferred from behaviour, and 

therefore do not accept that it exists. 

The phenomena that Bower and Anderson are actually referring to are the semantic 

similarities and consistencies that are perceived by observers to occur in language. A 

behaviourist successfully explains such patterns in language in terms of the perceived 

functional equivalence of various forms of language. The use of functional description in this 

context has been fully discussed in the section dealing with the advantages of a functional 

approach within behaviourism. 

In summary, the criticisms of S-R behaviourism presented by Bower and Anderson reflect 

an ignorance of the true nature of stimulus-response theory. Consequently all of these proposed 

criticisms are not relevant or damaging to any major S-R account of behaviour. 

A Physiological Conception 

It was stated earlier that stimulus-response theories of behaviour and experience are 

applicable at many levels of investigation. It is possible to use a behavioural approach in the 

analysis of either very abstract or molar behavioural entities, or of very molecular events 

such as muscle reflexes. This is possible because of the focus of stimulus-response behaviourism 
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upon the functional organisation of entities, regardless of the intrinsic nature of the entities 

themselves. It is possible therefore to talk of behaviour in terms of stimulus-response events 

occurring at the physiological or neural level. This is not to say that stimulus-response theory 

provides an accurate picture of the physical properties of neural systems, but it may provide a 

useful picture of the logical or functional organisation of entities at the physiological level. 

It is however, commonly argued that a physiological analysis of behaviour is inevitably 

inadequate. Such an analysis cannot capture the functional significance of an organism's 

behaviour, as it relates to the environment. While this may be the case for the analysis of 

specific behaviours, a physiological conception of behaviour can be useful in an explanation of 

behaviour in general. 

It is possible to conceive of all significant psychological events in physiological terms. 

Admittedly the behavioural meaning of events may be lost, but the fact remains that all 

causally significant events will be represented neurally. For an environmental stimulus to 

become a causal influence for the organism, it must impinge upon the sensory receptors of that 

organism. In fact, the causal significance of environmental events can only be judged according 

to the extent it is sensed by the organism. The essential component of any overt stimulus can 

thus be described in purely physiological terms. This is also the case for overt responses. It is 

presumed that all behaviour is physically determined and so the initiation and control of any 

response must originate from the ongoing action of stimulus-response events at a physiological 

level. A physiological analysis can also be applied to internal events such as conscious 

experience, thought and visceral responses. 

An advantage then, of addressing psychological issues within the context of physiology 

is the implication that all significant events are caused in the same manner. The idea that 

all psychological phenomena originate from a common physical system is consistent with the 

behaviourist premise that all such events have equivalent causal status. A stimulus-response 

explanation can therefore be applied to the production of all psychological phenomena. 

When the causation of behaviour and experience is viewed in such a manner, the 

importance of internal or 'mediating' events within explanatory theory becomes apparent. In 

fact, the term 'mediation' does not remain appropriate in the physiological context. Internal 

events no longer mediate between overt stimulus and response events. Instead, the whole 

causal process can be conceptualised in terms of physiological or neural events, beginning with 

the perceived stimuli and ending in the initiation of a physical response. 

It can be further assumed that the causation of behaviour is determined or controlled by 

the action of the nervous system. If the production of behaviour is conceived as primarily a 

neural phenomenon, it is possible to picture all significant causal events as patterns of 

activation or stimulation in the nervous system. Again the advantage in this comes from the 

ability to see all psychological phenomena as representable in terms of a common causal 

process. This was apparent in the preceding section discussing the principles of learning, 

where it was shown to be advantageous to treat all reinforcers as stimulus events. 

Furthermore, the conception of behaviour as being nothing more than patterns of neural 

activity successfully conveys the completely physical and mechanical nature of 

psychological events. In the functional analysis of complex behaviour it is easy to describe 

events in terms of the 'decisions', 'purpose' or 'knowledge' of the organism. At the 
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physiological level however, it is hard to inject the notion of intelligent behaviour into an 

analysis that deals purely with neural activation and association. 

An examination of stimuli and responses at the neural level thus provides a more concrete 

and mechanical context for functional analysis. In order to fully understand many of the 

concepts proposed in stimulus-response psychology it is therefore helpful to examine them in 

such a context. All stimulus-response events then, can be thought of as coming from the 

stimulation of associated neural entities. The pattern of neural associations is altered by the 

process of learning. Any behaviour or experience is due simply to the current pattern of neural 

activation. The primary source of stimulation is the activation of sensory receptors, which are 

triggered when certain levels of energy impinge upon them. As the sensory situation changes, 

due largely to the ongoing behaviour of the organism, different neural patterns of stimulation 

are produced. Some components of the existing pattern of neural activation may combine to 

produce the neural control of a physical and ultimately behavioural response. The process is 

completely 'mindless' and automatic. The complex and subtle nature of behaviour simply 

reflects the complex nature of the stimulus conditions and of the pattern of physical 

associations that exist in the brain. 

For example, a person may, as part of his or her complete set of stimulus inputs, sense the 

physical form of the question "What colour is this?". The ongoing patterns of neural activity 

that follow the stimulus situation that included this question may then produce the neural 

initiation of the vocal chord movements corresponding to the reply "It is red". This response 

obviously involves no 'knowing' on the part of the person, and does not even depend upon the 

existence of something red in the environment. The words "It is red" were simply produced as 

part of the continuous responding that forms behaviour and experience. 

Not only does this portray the completely unintelligent production of behaviour but it 

also helps show the need for functional classes and descriptions. This view of physical 

causation clearly indicates that it is almost certain that exactly the same behaviour will 

never be repeated. Not only is it unlikely that the overall stimulus situation will ever be 

identical, but the influence of learning constantly revises the pattern of neural associations. 

Furthermore, the neural chain of causality leading to a similar response in two different 

organisms will be dramatically different. Behaviour cannot then be categorised according to 

consistencies in the causal mechanism. The investigator can only ever attempt to categorise 

and describe behaviour in terms of its perceived function. This was argued fully in a preceding 

section. A physiological conception of behaviour clearly indicates why a functional approach 

is preferred in behavioural science. 

Overall then, a physiological conception of stimulus-response behaviourism serves to 

illustrate four major points. First, a physiological conception indicates that all types of 

psychological phenomena share a common physical causality. This reinforces the 

behaviourist assumption that all psychological phenomena have equivalent status as either 

stimuli or responses, and can be adequately explained in these terms. Second, the fact that all 

causally significant psychological events are represented physiologically indicates the 

importance of 'mediating' or internal stimulus-response events in behavioural theory. Third, 

a physiological perspective serves to illustrate the status of psychological phenomena as 

fundamentally physical, and also portrays the automatic, 'mindless' nature of responding. 
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Lastly, a physiological perspective helps to support the argument that similarities in 

observed behaviour cannot be described in terms of a shared causal mechanism, but instead 

must be described in terms of perceived function. 

The Innate Basis of Behaviour 

It is a commonly held belief that behaviourism rests upon the assumption that there is no 

significant innate aspect to behaviour. This "tabula rasa" or blank slate view of the mind 

proposes that all behaviour, perhaps bar a variety of automatic reflexes, is acquired through 

experience. There is however, no reason why innate forms of behaviour should be excluded 

from behaviourist theory. The concept of innately determined behaviour conforms with the 

fundamental tenets of a behaviourist approach outlined earlier, and the ideas presented in 

the previous section concerning physiology imply that such a notion is completely plausible. 

All organisms of interest are born with some form of central nervous system (CNS), and it 

is highly likely that the CNS of the newly-born infant will exhibit some innate pattern of 

neural association. It was argued previously that behaviour and experience can be seen as 

completely determined by neural activation and associativity. If this is the case then it can 

be assumed that forms of innate behaviour may exist, and the complexity of such behaviour 

will be determined by the complexity of the innate CNS organisation. 

Having established the legitimacy of the notion of innate behaviour, the question can be 

asked as to how such behaviour comes to be present in the new-born infant. The process of 

evolution can easily account for the 'selection' of certain (presumably adaptive) patterns of 

innate behaviour. Organisms who exhibit certain innate behaviours will survive while 

others will not. Thus the development of innate behaviour is a matter of selection by survival. 

This view is completely consistent with the behaviourist model of learning presented 

earlier. In fact, all behaviour is 'learned' or develops in the same manner, regardless of the 

time frame. If a behaviour is exhibited, it is because certain necessary stimulus conditions are 

present, and because the relevant pattern of stimulus-response associations has survived. 

Innate behaviour is thus no different from any other form of behaviour, and does not therefore 

require a separate theoretical treatment. Stimulus-response theory can still legitimately 

claim to provide an explanation for all forms of behaviour and experience. 

In summary, this chapter has presented a behavioural theory that exhibits explanatory 

power and is based upon plausible theoretical constructs and assumptions. Standard criticisms 

of behavioural forms of explanation have been refuted and it has been shown that 

behavioural theory can adequately explain complex psychological phenomena. The set of 

explanatory causal constructs and assumptions underlying such a theory have also been 

analysed and found to be logically sound. 

As will become apparent in the following chapter, the status of behavioural theory as 

both plausible and powerful contrasts sharply with the status of theories built upon cognitive 

explanatory constructs. 



CHAPTER3 

The Cognitive Approach 

It is hypothesised that contemporary examples of cognitive theory continue to exhibit the 

problems traditionally associated with the cognitive paradigm. Arguments in support of this 

hypothesis rest upon the assumption that there are in fact logical problems inherent within 

the overall cognitive approach. This chapter is intended to provide arguments in support of 

this assumption. Chapters Four and Five will then show that, in spite of cognitivist claims to 

the contrary, these problems continue to be manifest within contemporary cognitive theory. 

The initial part of this chapter will provide a brief outline of the defining 

characteristics of the cognitive paradigm. Some of the major flaws within this type of 

approach will then be discussed. 

Defining Features of the Cognitive Paradigm 

The primary defining attribute of the cognitive paradigm is the adherence to an information

processing model of the mind. Under such a model, all psychological phenomena are caused by 

the action of procedures operating upon a semantic data-base or knowledge structure. 

Knowledge is thus stored or represented in mental structures, and the inherent meaning of 

these representations can be causal in determining the action of the procedures that operate 

upon them. The cognitive approach is therefore fundamentally structuralist, assuming that 

mental representations of meaning have causal status. The mind is seen as being logically 

structured according to semantic criteria. 

Cognitivists realise that mental representation alone cannot account for production of 

behaviour and experience. The direct causal mechanism of the cognitive paradigm is 

therefore to be found in the dynamic behaviour of 'procedures' or 'processes' that assess the 

'meaning' of environmental input in terms of existing knowledge and beliefs. Procedures also 
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determine the most 'rational' course of action according to the perceived meaning of the 

current situation. Processes or procedures then, perform tasks and can be described functionally. 

It is however assumed that procedures function according to semantic criteria. Processes are 

thus most commonly described as sets of semantic 'rules' that apply in a specific context. The 

application of rules is the means by which the cognitive system makes the decisions and 

performs the tests that guide behaviour. The fact that procedures function according to 

existing beliefs allows the the static or structural component of the cognitive model to exert a 

causal influence. 

From this it can be seen that the cognitive paradigm assumes that psychological 

functioning is 'anchored' at three points. Any explanation of behaviour must refer to the 

stimuli, responses and the existing knowledge structures of the organism. Of these three 

aspects of behaviour, both stimuli and the knowledge structures (beliefs) are not only seen as 

causal but are also treated as 'givens' of the cognitive system. By this it is meant that it can be 

automatically assumed that an organism which has a certain belief will act accordingly. 

Beliefs therefore have the same status as sensory stimuli in that they are indisputable causal 

inputs to the cognitive system. Explanations of behaviour can thus be of the form "Given the 

stimulus is X and given that the organism has the belief Y, then the outcome will be Z". 

The final distinguishing feature of the cognitive approach in psychology is a fairly 

recent addition. Modern cognitive theories are most often based upon serial computer models of 

mental functioning. The fact that the computer provides a concrete example of an information

processing system has led many cognitivists to derive their theoretical constructs directly 

from the computer analogy. Also, a standard method of assessing cognitive theories is by 

computer simulation or modelling. It is assumed that the ability to produce patterns of results 

equivalent to observed psychological phenomena using computer simulation provides evidence 

for the validity of the causal system being modelled. 

In summary then, the cognitive paradigm adheres to an information-processing model of 

mental functioning. Under such a model there exists a causally significant semantic data-base 

that is used by various processes in order to guide behaviour. These processes can be described 

in terms of semantic rules that perform the decision-making tasks of the cognitive system. Any 

response can therefore be seen as a 'rational' action according to the perceived meaning of the 

stimulus situation and the existing beliefs of the organism. It is also assumed that such 

behaviour can be modelled on the architecture of the serial computer. 

Problems with the Cognitive Approach 

The defining features of the cognitive approach produce major problems within cognitive 

theories. Many of these problems arise from the investigator-subject division introduced in 

the preceding chapter. Cognitivists appear unable to separate their own behaviour from that 

of the system under study. Various forms of explanatory regression are therefore manifest 

within cognitive theorising. A series of related difficulties also arises from the use of the 
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concepts of meaning, knowing and believing as causal constructs within the cognitive 

paradigm. As will be shown below, problems related to the notion of the homunculus or 'inner

being' will exist within any theory that assumes the causal status of such constructs. 

The Causal Status of Rules and Beliefs 

Cognitivists often maintain that behaviour is governed or guided by an organism's set of rules 

or beliefs. Such a view is however fraught with problems. If a theory proposes that rules and 

beliefs are the primary causal agents in determining behaviour, then these forms of 

knowledge are necessarily transformed into something more or something less than they 

really are. If rules directly cause behaviour, then they are no longer an entity that people can 

have, be aware of and then act upon. In this context once a rule is invoked, any associated 

consequence must automatically follow. There is no notion of a decision being made according 

to the set of rules and beliefs that currently reside within the organism. Instead, behaviour is 

a determined consequence of the action of various rules, and the organism, or its cognitive 

system, need not know or be aware of anything. Rules are thus reduced to a status equivalent to 

that of stimulus-response events. Once they are accessed or elicited, the response is automatic 

and determined. 

If rules and beliefs are merely statements of knowledge that may or may not lead to a 

certain action then they have little explanatory value. Furthermore, if it is proposed that 

this type of rule is used in the process of deciding upon an appropriate response, problems of 

infinite explanatory recursion become apparent. 

In a system where rules and beliefs are statements of knowledge that may be referred to 

in the decision-making process, the critical causal component of the system is not the rules or 

beliefs that are held but is instead the decision-making process itself. How does the decision

making process make sense of rules and beliefs and by what criteria does it determine an 

appropriate action? In such a system the decision-maker must be able to 'understand' the 

meaning of the knowledge base it is working upon. Thus the explanatory system includes a 

component that displays exactly the type of phenomenon that the investigator seeks to 

explain. The decision-maker is the homunculus that has plagued knowledge-based 

approaches from the beginning. Unless the idea of 'causal knowing' is discarded from 

cognitive theories, there is no way to avoid the infinite explanatory recursion that comes 

with the need for an intelligent homunculus. If the notion of 'causal knowing' is discarded 

then rules and beliefs are reduced to the status of stimulus-response events. 

Inferring Causal Knowing 

Psychological phenomena take the form of either behaviour or experience. Cognitivists infer 

from the observation of such phenomena that there exists some other level of mental 

functioning. Cognitivists assume that, because they can perceive a meaningful pattern in the 

behaviour of an organism, such behaviour must be caused by a meaning-based process. For 

example, if an observer perceives a sense of 'purpose' in the behaviour of a subject then, under 

a cognitive approach, the observer will assume that purpose exists as a causal agent within 
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that subject. Such an assumption is unwarranted and also ensures that the problem of the 

homunculus will ensue. There is no direct evidence for the existence or causal action of any 

form of underlying cognitive structure. Even the occurrence of a thought such as "I know X" does 

not necessarily imply the presence of a semantically-defined object "X!' within the mind. In 

behavioural terms, "I know X" is simply a response. 

Why is it then that cognitivists posit the existence of underlying causal knowledge in 

spite of the lack of direct evidence? As was discussed in the earlier section concerning the 

investigator-subject division, the presence of such constructs in explanatory theory often comes 

about simply because such constructs are intuitively appealing to the theorist. The theorist 

experiences 'knowing' and a sense of 'purpose', and can perceive similar patterns in the 

behaviour of others. The theorist also associates such experiences with the causation of his or 

her behaviour. It is therefore intuitively appealing to posit an underlying causal system that 

relies upon the causal influence of similar phenomena. It was shown earlier in this section and 

in the previous chapter that an infinite explanatory regress invariably follows the injection 

of the theorists own cognitive phenomena into the causal system that is proposed to explain 

such phenomena. 

A further reason for the cognitivists to posit the existence of underlying causal knowledge 

is simply that cognitivists assume this to be the case. It is assumed that knowledge is stored in 

mental representations and that the influence of this knowledge is reflected in behaviour. 

Organisms are thus free to make decisions according to what they believe or know and 

according to the meaning inherent in any given situation. While the causal role of knowledge 

and meaning is treated as a given in cognitive science, such an assumption is not beyond 

question. Again the existence of meaning and knowledge can only ever be inferred from the 

experience or exhibition of 'knowing' or 'meaning' behaviour. If the inferred existence of these 

constructs can be shown to be problematic then the fact that the complete cognitive paradigm 

is based upon such an assumption would imply some fundamental problems for all forms of 

cognitive theorising. 

Can there be Unconscious Knowing? 

Many theories in cognitive psychology rely upon the action of unconscious processes to explain 

many psychological phenomena. This type of theory proposes that the same type of cognitive 

phenomena that we experience consciously, such as appraising, decision-making, testing and 

knowing, can also occur in the unconscious mental world. The cognitive system that is proposed 

to explain mental functioning is thus given the ability to exhibit the type of behaviour that 

organisms exhibit or experience. It can be argued however that the existence of phenomena 

such as knowing or appraisal is precluded by definition from the unconscious world. For the 

meaning of some event to be realised, or for a fact to be known, or for a situation to be 

appraised necessarily involves an awareness on the part of some entity. As was the case with 

rules and beliefs, if a mental event such as a 'decision' is said to be made without any entity -

such as an homunculus - being aware that such an event occurred, then essentially the 

'decision' has exactly the qualities of a determined response. It is no longer a 'decision' in the 

cognitive sense simply because the consequence occurs involuntarily. Or to put it another way, 
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the cognitivist cannot argue that an unconscious act is voluntary without introducing some form 

of 'inner being' to control the act on behalf of the oblivious organism. 

The fact that 'knowing' and 'meaning' are also tied to consciousness is implied in the 

argument above. If it is accepted that cognitive operations such as decision-making must occur 

consciously in order to be voluntary then the information upon which a decision is based must 

also reside in consciousness. For the cognitivist, the information used in decision-making is the 

appraised meaning of a particular situation and the current beliefs or knowledge of the 

organism. A cognitive approach thus requires that the decision-maker within the cognitive 

system be 'aware' of the relevant meaningful perceptions and knowledge structures. If the 

organism is truly 'unaware' of the meaning of an event then the organism does not 'know' about 

that event in the cognitive sense. Under such a circumstance a 'meaningful' appraisal or 

decision cannot be made. An organism can therefore only be said to unconsciously 'know' the 

meaning of an event if an homunculus exists in the unconscious world to experience the 

'knowing' on behalf of the organism. 

Meaning - Where and What is it? 

It was argued above that knowing and meaning, in the cognitive sense, are necessarily resident 

within some form of consciousness. It was also argued in the section of the previous chapter 

dealing with the merits of a functional approach that meaning only exists in the awareness of 

the perceiver of that meaning. Meaning is thus tied to experience and has no status above that 

of any other experiential phenomenon. Furthermore, there is no ontological reference that 

defines the absolute meaning of any event or object. Meaning does not therefore exist as an 

intrinsic component of events or objects that occur in the real world. Evidence for this claim can 

be found in the fact that the 'meaning' attributed to any event is dependent upon who or what 

perceives that event. Even ardent cognitivists such as Bower and Anderson are forced to 

qualify the nature of the 'meaning' that they propose is carried by overt behaviour. In a 

discussion of language production Bower and Anderson examine two "surface" forms of 

language and claim that 

" ... for an appropriate audience and context, these two 
sentences assert the same propositions or conceptual relations 
despite having almost no content words in common." (1973, p. 
34-35; emphasis added) 

The crucial point here is that for another audience, or the same audience in another context, 

the perceived meaning of the same piece of language can be totally different. 

The cognitive paradigm rests upon the assumption that mental functioning involves the 

appraisal or processing of perceived events according to existing knowledge structures. 

Explanations and theories are therefore in terms of the causal impact of the meaning 

appraisal that occurs in various situations. It is assumed that meaning is the primary causal 

factor in the production of behaviour and experience. 

However, it has been shown that 'meaning' is not inherent within events and objects that 

exist in the real world and is instead merely the experience of 'meaning' or 'knowing' that 
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may occur within the consciousness of any individual. Meaning does not therefore refer to 

anything that is constant from one experience of it to another. The nature of meaning is thus 

completely arbitrary and undefinable. Any theory that rests upon the appraisal of 'meaning' 

as the primary causal process is therefore a theory based upon arbitrary causality. Such 

theories reflect nothing of general explanatory value, say nothing about the causal system 

under study, and only ever reflect the experience of 'knowing' or 'meaning' within the 

theorist. 

Testing and Knowledge-Based Decisions 

The cognitive paradigm can also be criticised for its use of the theoretical concepts of testing 

and decision-making. The form of such criticisms are similar to the types of argument already 

presented in this chapter. It is however worthwhile to explicitly address the issues of testing 

and decision-making because these constructs are central to all major cognitive theories. 

The idea that testing and decision-making are causal factors in psychological functioning 

is intuitively appealing to the naive psychologist. Testing and decision-making are 

phenomena that all humans exhibit and experience and it is tempting to posit the action of 

such phenomena in explanations of behaviour. The use of such constructs in psychological 

theory is therefore commonly and automatically accepted. It has been argued in previous 

sections however, that the inclusion of human phenomena as part of a theoretical system 

reflects a blurring of the investigator-subject division and this may lead to serious logical 

problems within the proposed theory. It has further been argued that the apparent 

plausibility of theories that refer to the actions of distinctly human phenomena often comes 

about because the reader can experience such phenomena (such as decision-making) on behalf 

of the system under study. While the fact that the reader can do this makes the theory 

intuitively appealing, it also creates a situation where an infinite explanatory regress is 

likely to be manifest within that theory. 

Individual experience can however be useful in providing the basis for a definition of 

'testing' and 'decision-making' phenomena. From personal experience all humans are aware 

that the phenomenon of testing involves looking at objects or events, being aware (conscious) of 

the meaning inherent in these events and assessing this meaning according to relevant 

criteria. These criteria are most often in the form of the organism's current beliefs or 

knowledge. 

There are two obvious components to this testing or decision-making behaviour that all 

humans experience. First, tests are performed by reference to the existing data-base, or in the 

case of cognitive science, according to the current beliefs of the organism. The causal system 

that exhibits testing behaviour must therefore exist at more than one level. Some entity such 

as a procedure or process must work upon or look at a particular data-base. In the cognitive 

paradigm it is proposed that a set of beliefs exists at one level and that these beliefs are 

processed by some other entity that is in a position to scan this knowledge structure. 

While the presence of more than one causally significant level in explanatory theory 

does not automatically lead to logical problems, it does however create the potential for an 

infinite explanatory regress to occur. If the the additional levels of mental functioning 
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proposed in a theory are such that they always require further explanation, then the process 

of explanation itself can never stop. 

The second apparent component of testing and decision-making is that the entity that 

refers to the data or knowledge base must assess events according to their perceived meaning. 

It was argued earlier that some entity must be (consciously) aware of the meaning of events 

and criteria in order for a true decision to occur. If the hypothesised entity does not have any 

form of consciousness then it cannot 'know' the meaning of events and cannot therefore make a 

cognitive form of decision. Theorists that wish to talk of 'testing' and 'decision-making' as 

true causal factors must therefore posit the existence of an entity at another explanatory level 

that exhibits awareness and has sufficient intelligence to know the meaning of perceived 

events and assess these events in terms of the beliefs of the cognitive system. 

It is obvious from the preceding discussion that the notion of causal testing forces the 

cognitivist to postulate the existence of an intelligent being outside the belief structure. If the 

entity proposed to exist outside the belief structure was purely 'mechanical' and 'mindless' in 

operation then the problem of infinite explanatory regression could be avoided. However, the 

reliance upon causal testing forces the cognitivist to give the entity human attributes such as 

consciousness. The entity is therefore a true homunculus, exhibiting behaviours and experience 

that demand further explanation. If the theorist attempts to explain the behaviour of the 

decision-making entity in terms of further cognitive operations then an infinite explanatory 

regression must occur. The only way for the cognitivist to avoid this situation is by giving up 

the very constructs that define the cognitive paradigm. 

Reduction of Explanation - Can the Cognitivist or the Behaviourist 
Ever Stop the Regress? 

The criticisms of cognitive theory presented above have focused on the lack of a plausible 

mechanism to carry out cognitive operations such as decision-making. It is has been proposed 

that the use of cognitive concepts such as testing, knowing and decision-making invariably 

produces an infinite explanatory regression within cognitive theory. An infinite regression 

appears unavoidable because the implementation of these cognitive operations requires the 

existence of intelligent entities at other unexplained levels of cognitive functioning. The 

question "Yes, but how or by what is this done?" can thus be consistently asked of cognitive 

constructs. Cognitive theories are therefore unable to explain how the described algorithms 

are actually implemented solely in terms of the causal agents contained within the theories 

themselves. Any such model cannot claim to provide a definitive explanation of any aspect of 

human cognition. 

It can be argued however that these criticisms apply not only to cognitive theory but to 

virtually every type of theory of behaviour or mental functioning. For example, what is the 

'mechanism' that actually carries out the process of learning proposed in behavioural theory? 

How or by what are the new 'associations' formed? A behaviourist is likely to make a 

statement such as 

'If the consequence is reinforcing, then the stimulus and the 
response will become more likely to be associated in the future' 
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What then is the process that determines the consequence and increases the strength of 

association accordingly? The behaviourist is likely to answer this question by claiming that 

the nature of the process is irrelevant, and if forced to comment upon the form of such a process, 

could contend that it was some 'automatic' process working upon neural patterns. If the 

behaviourist can seemingly side-step the question with such ease, is there any reason to 

prevent the cognitivist from doing the same? If the cognitivists are presented with a question, 

as was put forward earlier in this paper, concerning the nature of the process that 'tests' 

declarative memory, it seems possible for them to simply reply that such a testing process is 

done 'automatically' at the neural level. 

Both the cognitive and behaviourist approaches thus have the potential to be criticised 

on the grounds that the content of their theory does not go beyond a description of the outcome 

of some more mechanical processes that actually cause these crucial outcomes to occur. For 

example, to say that 'the stimulus and the response will be associated if the consequence is 

reinforcing' merely describes the outcome of some fundamental and more mechanical process 

that actually performs this action, in some as yet unexplained manner. 

This is only seen as a problem if it is assumed that an adequate explanation in 

psychology must incorporate a physical or mechanical type of causality in whatever 'process' 

or 'mechanism' that is presented. Arguments regarding reductionist theorising become 

relevant at this point. Is it necessary to continue reducing the level of description or 

explanation until a 'mechanical' level is found? If this is so, then depending upon the nature 

of the theory it is possible that the process of reduction may never stop. Obviously theorists 

who wish to talk about psychological phenomena will also hope to talk about the causation 

of these events in abstract behavioural terms. Is it therefore acceptable for these theorists to 

simply choose to describe causal events in such abstract terms even though such descriptions 

require implementation by mechanisms at lower levels? This is certainly what the cognitive 

and behavioural theorists appear to do. It is debatable however as to whether the 

behaviourist or the cognitivist can simply choose to stop the explanatory regress at an 

arbitrary point and leave the implementation of their proposed causal agents to the 

unexplained 'automatic' actions of 'neural mechanisms'. It may be that the nature of their 

theorising ensures that such a regress must occur. 

In order to answer these questions it is helpful to view the relevant issues in terms of the 

investigator-subject division discussed in Chapter Two. It may be the case that the particular 

mechanism under study simply exists at a single mechanical or physical level - in the 

psychological context, this may be the neurobiological level - and that there is no other 

'level' above this at which the mechanism per se actually functions. Thus, any more abstract 

level of analysis no longer directly reflects the true mechanistic nature of the system, but is 

simply a collection of terms that a theorist has chosen in order to describe the system as he or 

she sees it. At any level above the most primitive therefore, we are no longer dealing with 

the subject, but have instead moved to the level of the theorist. Under such a view, the 
question 'But how does the system tell, or make a decision?' is now inappropriate, because we 
are asking the system to 'tell' between abstract concepts that exist only in our descriptions or 
theories. If we talk of the system comparing two 'facts', then there is no reason now to demand 

that a lower-level mechanism be revealed that actually compares these abstract entities, 
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simply because they don't exist at any level other than that of theory. They are concepts that 

belong to our theories, not to the system under scrutiny. Thus, if questions such as 'How does it 

tell?' are asked of a theory, the theorist can adequately answer this question by referring to 

the proposed system and its abstract mechanisms (for instance he or she may reply 'The 

system can tell by comparing fact A with fact B"), then such an answer is perfectly acceptable. 

In ceasing to demand an underlying mechanism to account for the implementation of each 

abstract process, a reductionist type of regression ultimately leading back to a physical or 

neurobiological level of causation is avoided. From this perspective, theorists can quite 

legitimately resort to ideas of 'automatic neurobiological processes' when they are pressed on 

exactly 'how' their theoretical systems are implemented. 

It is a central condition of the above argument that, in order to avoid the reduction of 

explanation, it is essential that the theory is not presented as a direct representation of how 

the world is actually structured. Theoretical processes and constructs can only relate to other 

abstract and theoretical entities. Only those forms of theorising that conform to this condition 

can legitimately leave their discussion at an abstract level. Of interest here is whether the 

cognitive and behavioural paradigms produce theory that satisfies this condition. 

Following the view of behaviourism presented in Chapter Two it is obvious that the 

behavioural paradigm is consistent with the argument outlined above. Behaviourists assume 

that mental and behavioural phenomena are caused by physical events. The proposed causal 

system therefore exists solely at the physical level. Any form of description at a more 

abstract level is thus a reflection of the perceptions of the investigator rather than a 

statement regarding the ontological status of the system under study. 

Furthermore it was argued in Chapter Two that the behaviourist assumes that all 

psychological phenomena are examples of either stimuli or responses. The description or 

explanation of the investigator is thus merely an example of such behaviour. Any of the 

constructs that are contained within a theory or description are therefore components of the 

investigator's response. Overall then, the behavioural paradigm proposes that abstract 

constructs exist only within the theories of the investigator. According to the argument 

presented above this implies that behavioural theories do not need to posit additional 

'mechanisms' in order to explain how the abstract processes are actually implemented. 

Behaviourists recognise the purely theoretical status of the abstract constructs that they use 

in the description of behaviour. 

In contrast however, the cognitive paradigm is based upon a different set of 

pretheoretical assumptions concerning the nature of psychological reality. Cognitivists 

assume that organisms are in some way 'intelligent' and can therefore influence their own 

behaviour through a process of rational decision-making based upon criteria of meaning. 

Theoretical constructs such as testing and decision-making are presumed to be causal influences 

that guide the behaviour of the organism. Thus when an explanation of behaviour is in terms 

of such high-level constructs it is assumed that these constructs represent processes that exist 

within the organism. Cognitivists thus propose that their theories are more than examples of 

simple responding. The claim is that cognitive theories directly reflect the true form of the 

system under study. The constructs described in theory therefore require explanation, not just in 

theoretical terms, but in terms of the mechanisms existing within that cognitive system. 
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Cognitivists are therefore in a position where they must be able to explain the nature of the 

mechanisms existing within the organism that carry out the processes outlined within their 

abstract theories. Any particular level of cognitive theory thus relies upon the explanation of 

mechanisms that exist at more 'fundamental' levels of cognitive functioning. 

To summarise, both the cognitive and behavioural paradigms produce theories that use a 

somewhat abstract and descriptive terminology. Both these approaches can therefore be 

questioned regarding the validity of these abstract explanations that must assume the actions 

of lower level mechanisms. The question can be asked as to how the constructs or processes at 

one level of theorising actually perform their described function. The potential problem is 

that an unavoidable reductionist regress may occur as the theorist attempts to find a level of 

explanation at which the constructs or processes require no further explanation. It can be 

argued that behavioural theories are such that they avoid the need for explanatory 

reduction. In contrast, cognitive theories are built upon pretheoretical assumptions that make 

it necessary for the constructs proposed at one level to be explained in terms of lower-level 

events. Unlike behaviourists, cognitive theorists are never in a position where they can 

choose to simply stop this form of regress. Any causal explanation or description of behaviour 

will therefore never be complete. Cognitive theories can never provide a definitive account of 

psychological phenomena. 

Simulation and Modelling 

Modelling and simulation techniques provide a fundamental methodology for theory 

development and verification within the cognitive paradigm. Cognitivists believe that the 

application of such techniques can provide meaningful insights into the true nature of the 

system being modelled. It can however be argued that the type of modelling generally 

employed by the cognitivists adds little to the power or validity of the theories that are 

developed under such a methodology. 

There are two distinct types of simulation and modelling techniques that are applied in 

different investigatory situations. For the purposes of the following discussion, these two 

variants will be described and later referred to as 'Type 1' and 'Type 2' modelling. While 

results of a Type 1 simulation can be relevant to the aim of the simulation excercise, the 

results of a Type 2 technique are essentially arbitrary in relation to the goal of the 

simulation. Type 2 modelling is therefore a poor method of theory development and 

verification. The cognitive paradigm utilises a Type 2 simulation methodology. 

The Type 1 method of modelling is applied where the nature of the system being 

modelled is already known. The aim of the simulation is to observe the performance or output 

of the described system under certain conditions. The 'starting point', or the known ('given') 

information on which to build the simulation, is provided by an understanding of the causal 

attributes and behaviour of the system under study. The functional behaviour of the various 

components of the target system, and their interrelationships can be specified. It is this 

specification of the true behaviour of the system that provides the basis of the model and of 

the simulation. 
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The ability to specify the nature of the system at the outset enables strong and 

meaningful predictions to be derived from the existing knowledge of the system. If the actions 

of the causal mechanisms involved are known, then any predictions, and any simulation 

results can be said to truly reflect the causal action of the system under study. Thus the 

predictions of the model's actions, and the results of the simulation method are meaningfully 

tied to the system that has been specified and then implemented. 

There are many examples of the utilisation of the Type 1 simulation method, such as the 

statistical modelling implemented in the computer language 'Simula'. This language allows 

the programmer to create actors or objects that have certain statistical properties and 

communicate with the other actors in particular ways. For example, the programmer may 

wish to model the performance of a restaurant complex that has 40 tables, one maitre de, 

various queues, and an influx of customers at a given rate. Here the nature of the system can be 

precisely specified prior to the simulation run, and the result of interest is the performance of 

the establishment at critical times. Thus the nature of the system is known and the behaviour 

of the model can confidently be attributed to the action of that system. 

Type 2 simulation is a direct contrast to the simulation scheme described above. This 

type of modelling is used when the nature of the system to be modelled is not known in 

advance, and the actual aim of the simulation exercise is to discover the nature of that 
system. The 'starting point' or set of 'givens' upon which the exercise is based, is provided by a 

set of phenomena or observations that are treated as the output of the system under study - in 

the present context, these would be observed or experienced psychological phenomena. 

With Type 2 modelling the causal properties of the system are not known in advance and 

their form can only ever be inferred from observed regularities between the inputs and outputs 

of the system. If certain variables are seen to covary, then a causal system that best 

characterises this relationship can be hypothesised. It is then possible to apply the 

hypothesised relationship to other observed variables in order to 'test' the validity of the 

proposed relationship. Hypotheses made in this situation do not however necessarily reflect 

the true nature of the causal mechanism being modelled. For example, the true performance of 

a mechanism in the system may be best described as logarithmic; but under certain conditions 

the regularities observed between variables may lead to a prediction that the mechanism 

functions in an exponential manner. Because there is no necessary link between the results 
derived from the simulation excercise and the system that is being modelled, the Type 2 
method of simulation reveals nothing of value about the true nature of the system under study. 

In the Type 2 context, the aim and the desired result of the simulation process is the 

development of a system that can account for and produce the phenomena of interest. Whereas 

Type 1 modelling is of a form that allows the results of the simulation to be meaningfully and 

validly derived from the specified 'starting point' of the simulation (the specification of the 

system itself), Type 2 modelling does not. Type 2 modelling attempts to take the output of an 

unspecified causal mechanism as a 'starting point', and then to use simulation techniques to 

discover something about the nature of that unknown mechanism. Here, the results of the 

simulation process do not come directly or meaningfully from the starting point of the 

simulation as they did in Type 1. There is no method by which the theorist can 'work back' 
from observed phenomena to discover the nature of the causal mechanism that produces them. 
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The output of a Type 2 modelling process, unlike the Type 1 modelling method, is only 

arbitrarily related to the 'givens' or starting point of the simulation exercise. 

The simulation and modelling used in modern cognitive theory development is clearly 

Type 2. Cognitivists run computer simulations of cognitive processes and judge the success of 

these simulation attempts in terms of how closely the simulation output matches observed 

psychological phenomena. In performing this simulation exercise, the aim is to increase our 

understanding of the cognitive system. The question here is whether any model based on a 

Type 2 method of theory development can actually add anything of value to our 

understanding of the nature of the system under study. The arbitrary connection between the 

Type 2 method and the results of that method would indicate that nothing of interest can be 

generated by this approach. 

What Type 2 simulation or modelling does have is the appearance of being a powerful 

method that can add to the credibility of any model that is derived from its use. There is 

something appealing about being able to actually run a model and show it as producing the 

'correct' results. It is presumed that the fact that the implemented model actually works must 

surely add something to our understanding of the processes involved. What must be 

remembered is that this type of modelling provides no method by which the 'correct' form of 

the system can be discovered, and even if a model produces the 'correct' results, there is no 

method of judging whether the proposed model is in any way similar to the real mechanism of 

interest. 

Also, Type 2 modelling inherits the impression of methodological validity from its 

association with Type 1 modelling. Both types share the labels 'modelling' and 'simulation', 

yet it is only Type 1 that meaningfully relates the proposed system with the results of the 

simulation. 

Overall then, what can those investigators who use the Type 2 simulation method 

validly conclude from its application? At most they can claim that "this is one possible way 

that the system could be", and indeed many cognitive theorists contend that this is all they 

wish to assert. Given that this is all that the cognitivist aims to show then there is no 

problem with the use of Type 2 simulation methods. There is also however little to be gained 

from achieving such a trivial goal. A problem only arises when theorists attempt to make the 

additional claim that they are in some way adding to our understanding of the causal 

processes involved. Every theorist is likely, at least implicitly, to contend that he or she is 

contributing something to the understanding of some phenomena. Unfortunately, Type 2 

modelling, as it is presented here, fails to bring science any closer to determining the true 

nature of the causal mechanisms underlying observed or experienced phenomena. The 

particular simulation model that is finally developed is determined by influences outside the 

scope of the simulation, and the fact that the model can simulate the behaviours of interest in 

no way lends that particular model credence over any alternative. A completely incorrect 

model could adequately simulate observed phenomena. Simulation and modelling per se do 

not provide a method by which it is possible to discover the true nature of a causal 

mechanism. 

This point is well made in the various instances of cognitive theories that have been 

developed through the use of computer simulation. Empirically, the results coming from these 
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models are evidently very similar to the observed performance of the human subject. It can 

produce output with the 'correct' characteristics. The computer simulation can accomplish 

this empirical task, in spite of the fact that the information-processing approach on which 

the model is based can be shown to be fundamentally flawed. The inherent deficiencies of the 

information-processing approach do not prevent the 'successful' Type 2 simulation of the 

appropriate phenomena. The 'successful' simulation of human cognition does not however 

significantly add to our understanding of the causal system that produces psychological 

phenomena. 



CHAPTER 4 

Semantic Network Theories of 
Emotion Cognition and 

One of the overall hypotheses under study here is that, in spite of claims to the contrary, 

modern cognitive theories have failed to overcome the problems that have traditionally 
plagued the cognitive paradigm. The present chapter is intended to provide support for this 

hypothesis. The previous chapter outlined the general nature of the logical problems 
inherent within the cognitive approach. The present chapter summarises and analyses an 
influential example of modern cognitive theory in order to show that logical problems remain. 
The discussion focuses upon semantic network theories of mental functioning as proposed 

initially by Quillian (1962, 1967) and later developed by theorists such as Collins and Loftus 
(1975), Bower (1981), and Ingram (1984). Semantic network theories are cognitive theories of 

memory, thought and affect. 

A further general hypothesis under investigation is that the aspects of modern cognitive 

theories that are most plausible are those consistent with behavioural forms of explanatory 

theory. The analysis of network theory presented in this chapter will provide good support 

for this hypothesis. 
The chapter will begin with the outline and criticism of the major tenets of semantic 

network theory. Following this, network theory explanations of several major mnemonic and 

cognitive phenomena will then be presented. The focus here will be upon the perceived effects 
of mood on memory and general cognitive processing. The discussion focuses on this particular 

area for two reasons. First, most of the recent research involving semantic network theory has 
centered on the relationship between mood and cognition. The work by Bower and his 

associates has been an important force in this area. Second, the explanations proposed to deal 
with emotion-related phenomena refer to exactly the same types of network operations and 
constructs that would be used in a semantic network explanation of any other cognitive 
phenomenon. Any conclusions drawn regarding the plausibility of network theory in this 

context can thus be validly generalised. Admittedly, network theorists have posited the 
existence and causal influence of specific "emotion nodes", but as Gilligan and Bower (1984) 

state 



"Although we believe that emotion nodes have ... unique 
properties, we should also note that none of these unique 
properties is needed to explain the results we have presented." 
(p. 572) 
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More generally, it is also worthwhile examining the way in which a theory accounts for 
specific phenomena because it is in such accounts that areas of explanatory weakness may 
become apparent. With this in mind, semantic network explanations of various phenomena 
will be analysed in order to determine the plausibility of the various theoretical constructs 

upon which these explanations are based. 

Outline of Theories Based upon the Semantic 
Network Construct 

Specific reference to the semantic network construct, and to the related notion of "spreading 
activation" first appeared in the work of Quillian(1962, 1966, 1967, 1969). His ideas were 
later extended by many theorists in order to address many areas of mental functioning (See 
Ratcliff & McKoon, 1981). General theories of cognitive function using semantic networks 
continued to develop in the work of cognitivists such as Collins and Loftus (1975), Anderson 

and Bower (1973), Anderson (1976), and remains a major component in some of the more recent 
cognitive theories such as the "production system" model proposed by Anderson (1983, 1987). 

In its purest form however, network theory was developed by Bower and his associates in 
their theories of memory, cognition and affect. This area of theory development and research 
provides the most up-to-date form of network theory, and largely subsumes the work of the 
earlier theorists. It is on the work of Bower and his associates that the discussion will focus. 

An initial "feel" for the nature of semantic network theory can be obtained from the 
following extract from the 1984 publication of Gilligan and Bower: 

"Network theories ... conceptualize memory as an associative 
network of nodes representing, among other things, numerous 
concepts, schemata, and events ... An event becomes encoded [or 
learned] in the network as a cluster of propositions with strong 
associative links to concepts and other units (eg, emotions) and 
schemata to which they are related. ... The propositions 
constitute the basic units of thought, and the activation of 
them or their related concepts is the basic process of thought. 
Activation can occur directly or indirectly. Direct activation 
occurs by presentation of a corresponding stimulus pattern; for 
example, stimulation of an emotion would activate the 
corresponding emotion node; presentation of a word on a 
recognition test would access its network representative. 
Indirect activation occurs when "energy" spreads from 
associated nodes that are activated, for example, the mood 
could be "turned on" via activation spreading to it from 
associated concepts or propositions." (Gilligan & Bower, 1984, 
pp. 555-556; italics and square brackets added) 

This statement serves to introduce the major areas of network theory that will be covered 
in the following section. First, the network conceptions of memory and knowledge 
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representation are presented. Following this is a discussion of the central network constructs of 
activation and association. The topic of association is divided into two sections the first of 
which deals with the structural properties of associations or links within the network, and 
the second with the learning or encoding process by which new associations are formed. A 

network definition of thought, consciousness and other related ideas is then outlined, and the 
final topic for discussion in this section is the concept of the "emotion node" and its relevant 

properties. 

Memory 

Network theories are primarily theories of memory, and propose that the structures and 

processes of the memory network are the central components of cognition. Memory is proposed 
to be an interlinked or associated network of "nodes". These "nodes" can represent concepts or 

propositions, and memory can therefore be seen as an associative network of semantic units, 
organised according to semantic similarity. The links between nodes thus represent the 
relationships that exist between concepts or propositions (for that individual). The semantic 
"relatedness" of two nodes (concepts or propositions) is determined by the number of links 
between them, and the strength of those links. The links or associations between two nodes 
need not be direct, but can instead be via "shared properties" (Collins & Loftus, 1975). The key 

role of memory as a structure is the representation of knowledge. How then are knowledge 
units such as beliefs, events and facts represented in the semantic network? 

Nodes and the Representation of Meaning Through Association 

The initial view of semantic network memory presented above proposed that "nodes" in the 
network represented either concepts (e.g "dog", "feel", "likes", "Mary") or propositions (e.g 
"Mary likes dogs"). At the most primitive level however, semantic memory can be seen as 
consisting solely of interconnected concept (c.f complex propositional) nodes. A proposition 
such as "Mary likes dogs" can thus be represented in terms of the associations between 
constituent concepts (see Figure 4.1). 

X 

Figure 4.1: The proposition "Mary likes dogs" is represented below by 
associations between concepts. The concepts are related via the proposition node 
"X" using labelled links that show the manner of association (S= subject; 
P=predicate; R= relation; 0= object). 
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Note however, that there is some form of "node" or junction (labelled "X") in Figure 4.1) 

that is placed at the relational junction of the relevant concepts. While this node is 

apparently "empty" of intrinsic meaning (i.e it does not directly stand for an "idea") it 

nevertheless represents a valuable unit of stored knowledge. Such a node represents the 

complete proposition or assertion that "Mary likes dogs" by way of its meaningful or labelled 

associations to basic concept nodes. This is an example of "meaning by association" which is 

the primary principle of knowledge representation in network theory. 

It is not only such "proposition nodes" that gain their meaning through association. Even 

primitive or basic concept nodes are defined in terms of their links to other memory elements. 

For example, in Wickelgren's hierarchical network model, the meaning of a concept is given 

by the elements to which that concept is associated above and below in the hierarchy 

(Wickelgren, 1981, p. 29). 

Quillian (1962, 1967) similarly suggests that the "properties" of nodes are represented by 

their labelled, relational links to other concepts. Overall then, the "meaning" of any node is 

found in the other concepts or propositions to which it is linked. 

The idea that all memory units are defined in terms of other such units may imply that a 

semantic network is a rather convoluted and unstructured tangle of associations. While 

networks must be complex and interwoven, network theorists do however propose that the 

network has a more ordered hierarchical form. Anderson and Bower (1973) suggest that 

"complex ideas" are constructed from, or are built upon, lower level "semantic primitives" or 

"simple ideas" using labelled associations. Propositional structures can then be developed 

from these units in order to provide the tools for a "higher order" level of cognitive analysis. 

Wickelgren (1981) also proposes a hierarchical meaning structure: 

"The meaning of a concept is given partly by the constituent 
words and images that activate it from below and partly by 
the propositions ... of which it is a constituent" (p. 29) 

Associative meaning is thus gained from items connected from "above" and from "below" in 

the associative hierarchy. 

The fact that more complex representations can be built up from lower-level units implies 

that the constituents of higher order propositions need not be limited to basic concepts. The 

constituents of higher order propositions can be either simple concepts or other lower level 

propositions (e.g Anderson, 1981, Figure 2.10). All that is required is that the various 

constituent units can ultimately be traced back to a series of "terminals" or basic concepts. 

Given that all new propositions or concepts that are added to the semantic network must 

be tied back to existing structures, network theorists posit the existence of an innate set of 

primitive concepts upon which all further learning can be based (Anderson and Bower, 1973). 

While it is proposed that certain innate concepts exist, there are presumed to be no innate 

associations between these units (This is in direct contrast with the behavioural theory 

outlined in Chapter Two, which rejects mental representation yet proposes that there is a 

genetically determined set of stimulus-response connections). Wickelgren (1981) suggests that 
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the full set of basic "idea" nodes is set after maturation, and that after this point "new" nodes 

can only be added by "chunking" or combining existing associated node structures into single 

units. 

The hypothesised existence of such a process forces a redefinition of the fundamental 

"node" concept. Ingram {1984) proposes that 

" ... each memory, or memory unit, is composed of a cluster of 
components {concepts and propositions) making up memory. 
These clusters are sometimes referred to as memory "nodes"." 
(p448; italics added) 

The term"node" can therefore either refer to complex structures representing complex ideas, or 

to single primitive concepts. Wickelgren {1981) defines a node simply as "whatever represents 

an idea", regardless of its complexity. 

The state of the semantic network undergoes change as the organism makes sense of life 

events by relating them to its existing knowledge. Events are "encoded" in propositional form, 

by associating existing knowledge structures in novel patterns. Events are therefore encoded 

and stored in the same propositional form that is used to represent conceptual knowledge or 

beliefs. No distinction can thus be made between "episodic" and "semantic" memory. Episodic 

memory in the form of a "trace" of events does not exist. Wickelgren {1981) rejects the notion 

that a new "token" node is formed for each occurrence of a concept within life events. Instead, 

"new" events are encoded in terms of novel associations between existing ideas, and if many 

events access the same set of nodes (refer to the same ideas), then the overall memory of those 

events will result from the additive influence of those events upon the interlinking of the 

relevant nodes. No single event or episode is thus likely to be remembered in a "pure" form. 

It is apparent in the above discussion that a key component of the propositional 

representation of events and knowledge is the meaningful association of concepts. The 

incorporation of meaningful associations - such as "subject", "predicate", "cause", "while" 

{Bower, 1981) - allows the formation of propositions using basic concepts. The ability to 

represent propositions, which have the power to 'assert' some sense or meaning, is the key to 

the structural representation of knowledge. The nature of these associations will be discussed 

fully in a later section. 

The final aspect of knowledge representation in a semantic network to be mentioned here 

concerns the relationship between concepts and words. While Wickelgren (1981) contends that 

"The modern word for any particular meaning of a word or 
phrase is "concept"." {p28) 

most network theorists insist that "words" and their conceptual (meaning-defined) 

counterparts are distinctly separate entities. The primary reason for the concept-word 

distinction lies in the perceived need to include non-verbal forms of knowledge and experience 

within the network model. Network theorists thus propose that knowledge is represented in 

an "abstract" form within the the conceptual or semantic network. Any relevant verbal labels 

or images are linked to the appropriate node within the "underlying" conceptual structure (e.g 

Bower, 1981; Wickelgren, 1981). 
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Meaning by Association - Where is the Meaning? 

According to network theory, the meaning of any memory unit is defined by its associations to 

the other units in the network. Meaning is thus gained by association. While meaning by 

association is presented as the primary principle for the representation of knowledge, it 

cannot function as the sole determinant of meaning. 

If the meaning of any node is defined purely in terms of its associations to other units in 

the network, then it is implied that no memory unit has intrinsic meaning. If however, none of 

the nodes in memory has inherent meaning then it is also impossible to gain meaning by 

association, as a memory unit can only ever be associated to other meaningless entities. Such a 

situation would produce a semantically "empty" network. 

It is of course impossible to base a cognitive theory upon a structure that is devoid of 

semantic value (Fodor, 1980). While the "empty" network may produce a fundamental 

problem for the cognitivist, it poses no such problem for the behaviourist. The behaviourist 

would view the "empty" network as simply a description of mediating stimulus-response 

connections. Nodes would have no status above that of junctions or points of intersection that 

describe the pattern of association between various stimulus-response units. Each node could 

thus be defined in terms of the events or units that access it (stimuli), and the various 

components it could initiate (responses). In other words, nodes could be functionally defined 

purely in terms of association. The problematic ingredient of "meaning" is neither present nor 

required. Also, according to the current stimulus conditions, energy or activation could then 

'flow through' this network, producing various response patterns as it progresses. The 

principles of activation (stimulation) and association are thus constructs within network 

theory that are compatible with the assumptions of behaviourism and are both logically and 

neurally plausible. As was shown in Chapter Two, examples of these constructs can be found in 

many behavioural theories. 

Network theorists must however avoid the creation of a semantically "empty" network. 

Due to their cognitivist assumptions, network theorists must therefore propose that at least 

some of the nodes or concepts in memory are intrinsically meaningful entities. Evidence for 

such an assumption can be found in some network theories. Wickelgren (1981), for example, 

appears to support the notion of intrinsic meaning as a formal property of network nodes: 

"In an associative memory, there is no such thing as a code in a 
node. According to the principle of specific node encoding, the 
code for an idea is a node (or set of nodes)." (p.26) 

It is however, unlikely that all memory nodes have inherent meaning. Propositional nodes, 

such as node "X" in figure 4.1, serve only to connect the relevant concepts in the appropriate 

manner. It may be the case therefore that there is a certain set of basic or primitive nodes that 

have intrinsic meaning and all other network nodes gain their meaning through direct or 

indirect association with members of this basic set. As mentioned earlier, some theorists 

propose that there is an innate set of concept nodes. Perhaps it is only these innate nodes that 

have intrinsic meaning. 

Given that network theorists are forced to posit the existence of intrinsically meaningful 

entities, a question arises as to whether any entity can have such a property. It was argued in 
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Chapter Three that the notion of intrinsic meaning is implausible. It was shown that meaning 

only exists within the consciousness of the individual, and the meaning attributed to any 

object or event is only definable in terms of individual experience. Meaning is therefore not 

inherent in any object, but instead exists only in the perception of some observer. Most simply 

then, objects do not have intrinsic meaning. Nodes within a semantic network cannot therefore 

be inherently meaningful entities. 

As was argued earlier, if none of the nodes within the network can have inherent 

meaning then the whole associative network will be "empty'' of semantic content. Such a 

network is thus unable to represent knowledge or beliefs. Network theories propose that the 

cognitive system is guided by the knowledge stored in the semantic network. Given that no 

such knowledge can exist, network theories are simply untenable. 

The discussion so far has dealt primarily with structural features of the semantic network. In 

order for network theory to provide a plausible account of any psychological phenomena it is 

however necessary to add a dynamic or "process" component to the structural model presented 

above. The following section introduces the central dynamic aspect of network theory. 

Activation 

The term "activation" concerns the patterns and levels of "energy" that are created within 

the semantic network. Depending on the context, "activation" can refer to "energy'', "levels of 

energy", or "a level of energy above a critical threshold value". For the moment, activation 

will simply refer to energy within the semantic network. 

The behaviour of activation within the semantic network is somewhat analogous to the 

behaviour of water as it would flow down pipes of various sizes that intersect at junction 

points. These junction points are equivalent to conceptual or propositional "nodes" in the 

semantic network and the water pipes represent the associative links between these nodes. A 

second common analogy for activation within a network is the behaviour of electrical charges 

within a circuit board. This particular model will be discussed at a later stage. The water

pipe analogy can also be used to indicate that activation energy is a limited resource. As 

activation energy is divided over more and more links or "pipes" as it spreads through the 

network, the amount of activation flowing down each link is lessened. Perhaps unlike the 

behaviour of water however, activation is also presumed to "decay naturally'' or lessen over 

time. Overall, it becomes apparent that the presence of activation within any particular 

section of the network does not occur in an all-or-none manner. Levels of activation vary 

continuously from some baseline level to a maximum value. Various sources of activation can 

also "summate" at a any particular point in the network to determine the current overall level 

of excitation. 

With regard to activation, nodes within the network provide the link between the 

network and the outside world. Nodes are thus points in the network where extra energy (or 

"water") can be introduced. The activation level of nodes in the network is a critical factor in 

network theory. At some level of activation, a node will be driven over a "threshold" level of 
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excitation and will "fire". Nodes that have reached a threshold level of activation become 

available within consciousness. The implications of this will be discussed in a following 

section. It is most likely that the "firing" of a node represents a sudden increase in the energy 

level of the node. This will introduce a greater level of activation into the network at this 

point and energy will spread to associated areas. Nodes in the network can thus be in various 

states of activation. A node can have little or no activation (i.e at some baseline level of 

energy), or it may have some level of activation above baseline yet below the critical 

"activation threshold". A node with some amount of subthreshold activation is said to be 

"primed" or to be in a "state of readiness", as it will take less additional energy for the node 

to be driven over threshold. A node may also be in an "active" state, where its current energy 

level is at some point above the activation threshold. 

Activation can be introduced to an area of the network in two ways. First, a node can be 

activated directly by way of a relevant stimulus event. Second, areas of the network can 

receive activation as it spreads, in a decreasing gradient of strength, from other associated 

and active areas of the network. "Spreading activation" is a key process in network theory. 

These two methods of activation will be discussed below. 

Direct Activation of Nodes or Concepts 

As was mentioned earlier, it is presumed that nodes in the semantic network are somehow 

linked to the outside world. This allows a node to receive activation from the occurrence of a 

stimulus event that is perceived to correspond semantically or meaningfully to that node. 

Wickelgren (1981) proposes that a feature of associative memory is its "content 

addressability", which allows a stimulus pattern to "directly access" its corresponding 

memory representative. Evidence for the notion of direct access to memory nodes is seen in the 

speed at which people can apparently retrieve or recall ideas and events. Thus, if a stimulus 

event occurs that is perceived to mean "Mary", then that individual's "Mary'' node will 

receive some level of activation. It is not clear however, whether a node that is directly 

accessed will automatically receive sufficient activation to reach threshold and be 

consciously "perceived" by the individual. Ingram (1984) indicates that often a stimulus may 

be "perceived" at some level yet fail to reach consciousness: 

" ... in order to be activated above threshold, and therefore 
receive elaboration, activation from incoming information 
must summate with activation already in the cognitive 
network. Without some activation already in the cognitive 
network, incoming information will usually not contain enough 
activation (unless it is unusually strong) to exceed threshold.'' 
(p. 458) 

What is clear however, is that the node corresponding to the particular stimulus event will be 

accessed, and receive some degree of activation or "priming". 

It is often implied in network theory that all types of memory nodes are directly accessed 

(and possibly directly activated) in the same manner. Network theorists talk in very general 
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terms regarding the manner in which stimuli are matched to memory nodes. Bower and 

Gilligan (1984) contend that 

"A concept or event [node] can be activated directly by various 
means, including verbal symbols or physiological stimuli." (p. 
572) 

For example, asking a friend about some event 

"would activate the corresponding nodes in the network; 
similarly inducing a mood in a subject ... corresponds to 
activating that emotion node." (p. 572) 

Similarly, Bower (1981) proposes that a node can become activated from the 

"presentation of a corresponding stimulus pattern': (p. 134) 

In many cases it is also implied that the physical qualities of the stimulus are sufficient to 

access the appropriate node. Ingram (1984) takes the example of a prospective Porsche owner 

who sees a Porsche on the street: 

" ... the energy from the Porsche stimulus pattern activates the 
corresponding "Porsche memory node" to a sufficient level to 
reach conscious awareness." (p. 448) 

While it may be possible to contend that the physical stimulus attributes of some object 

may directly (via some automatic pattern-matching process) access the memory 

representative of that object, it is impossible to account for the "direct" activation of a more 

abstract concept, such as an emotion, in the same manner. Unlike a stimulus such as a Porsche, 

there is no set of predefined physical attributes that can be used to identify an "emotional" 

stimulus event. Instead, it is the meaning attributed to an event that is the critical 

determinant of whether a stimulus event will access an abstract memory node. This is hardly 

surprising given that the network is structured and functions according to semantic criteria. A 

realisation of this fact is apparent in the "extension" to network theory proposed by Bower 

and Cohen (1982) who present a model of event appraisal to account for the onset (initial 

activation) of an emotion. 

In fact, the presence of some process performing an appraisal or meaning analysis of 

stimulus input is implied in all major network theories. For example, Ingram (1984) accounts 

for the initial level of activation in the "depression node" by referring to the outcome of an 

appraisal process: 

"The initial activation level is, in turn, determined by the 
weight or value that the individual places on the negative 
event (i.e how it is appraised)." (p. 454; italics added) 

Overall, reference to such an appraisal process can be found in most network accounts of 

specific psychological phenomena. This will be shown in the section dealing with network 

accounts of mood-related effects. 
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Spreading Activation 

The second way in which a node in memory can gain activation is by the spread of energy from 

associated nodes. The spread of activation is not limited to those nodes directly associated 

with an active concept, but the "closer" (measured in the number of links that must be 

traversed) a node is to the source of activation, the more additional activation it will receive. 

This is the case because activation is seen as a limited resource that spreads in parallel down 

all of the various links issuing from a node. At each new node encountered the amount of 

incoming activation is divided among the links emanating from that node. Consequently, each 

pathway leaving the node will receive proportionately less additional activation than 

arrived at the node. 

Perhaps the best analogy for the behaviour of spreading activation in a network is the 

ripple effect of dropping an object into a body of water. Ripples spread simultaneously in all 

directions (parallel activation) and so the energy at any one point dissipates as the wave gets 

further from the source and must cover a larger area. 

While a source node continues to "fire", activation continues to spread from it. In terms of 

the water-ripple analogy, if the body of water is continually disturbed at some mid-point, 

then a pattern of concentric waves or ripples will continue to spread outward and dissipate 

with distance. 

Spreading activation is a central concept in many types of psychological theory (Ratcliff 

and McKoon, 1981). The primary reason to include the spreading activation principle in the 

semantic network model is to provide an automatic bias toward the activation of concepts or 

memories most closely associated with the material currently active. Thus, in a semantically 

structured network of associations, those memories most "meaningfully" related to the 

currently active set of ideas will be the most "available" or "primed" and the most likely to 

become active. Such a mechanism is central in the cognitive explanations of phenomena 

involving the apparent semantic coherence of human processing and thought. 

Association 

The concept of association is a further key construct in network theories of the mind. Not only 

does associativity underlie the representation of meaning, but it also forms the fundamental 

principle of learning, and is essential in network explanations of human thought and 

behaviour. The concept of association is thus manifest both in the structure of the network, 

and in the process by which that network is altered with experience. 

Associative Structure - Links or Associations Between Nodes 

The links between nodes in the network are formed through the learning process. Anderson and 

Bower (1973) propose that, while there is an innate set of concept nodes, there is no innate 

"knowledge" in the form of in-born associations. These links are bi-directional, allowing 

activation to spread in either direction. Links between nodes can also be of varying strengths, 

showing the degree of association between two concepts. The strength of association is also 



83 

determined by the learning process. The water-pipe analogy may help to clarify the 

relevance of association strength to the spreading activation model. The strength of an 

association corresponds to the size or diameter of a water pipe, where larger pipes have the 

potential to allow a greater flow of water. Similarly in the semantic network, a stronger 

degree of association allows a larger amount of activation to pass through to the next node. 

All the attributes of links or associations in the network mentioned so far are compatible 

with the notion of spreading activation. There is however one further attribute of semantic 

links that falls outside the scope of the spreading activation construct. The links in the 

semantic network are labelled, making the associations between nodes conditional upon more 

than the ability of activation to spread from one to another. These labelled links are 

essential in the successful representation of meaning and knowledge in the network. The 

knowledge of the individual is carried in the form of propositional structures. For these 

propositional structures to adequately represent knowledge they must be able to "assert" some 

fact or make some "statement" about the world. The concept of simple association is 

inadequate in this context. The fact that a number of concepts are interlinked does not by itself 

assert a particular fact. In order to truly assert something, it is also necessary to know how 

these ideas interrelate. The links in a semantic network must therefore be labelled to show 

the nature of the relationship, and are thus "meaningful" entities in their own right. 

The exact number of link types that is required to adequately represent knowledge and to 

encode life events has not yet been agreed upon (Wickelgren, 1981). As an example of the range 

of link types that have been posited, Bower (1981) mentions associations such as "while", 

"cause", "subject", "predicate", and "relation". Also, Anderson (1983) describes an abstract 

propositional representation that uses link types such as "object", "agent", "location", 

"relation", "goal", "attribute", "category", and "subject". The choice of link types is perhaps 

determined by the particular phenomenon upon which the theorist is currently focused. 

Some network theorists have extended the use of labelled or meaningful associations 

beyond the simple assertion of facts. Anderson and Bower (1973) introduce a notion of 

conditional causality based upon the nature of the association. They propose that nodes are 

connected via functional associations that imply 

"a will lead to b only if the relation Xis evoked." (p. 181) 

Labelled links thus provide the information necessary to decide whether one concept or idea 

will "lead to" another. 

From this discussion it becomes apparent that the mechanism of spreading activation is 

unable to account for the conditional or meaningful aspect of labelled links. The water-pipe 

analogy serves to illustrate this point. A labelled link is analogous to a water pipe that is 

labelled on the outside according to its function or role in the network. Water flowing down 

the pipes, which is equivalent to activation in the semantic network, is simply a flowing 

body of energy which is unable to "see" the label on the outside a pipe and is certainly unable 

to change its behaviour according to such labels. Obviously the labelled link construct requires 

the presence and intervention of a process or entity outside the network that can "make sense 

of" the meaningful labels and perhaps act accordingly. The need for such "intelligent" 

processes outside the network will become even more apparent in the later sections dealing 

with network explanations of specific phenomena. 
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The Process of Association - Learning or Encoding 

For the cognitivist, "learning" involves the acquisition of knowledge, and in network theory 

knowledge is represented in networks of semantically associated nodes. Thus, in the context of 

network theory, learning is a process that acts to change the pattern of associations between 

existing nodes. More specifically, learning involves the formation and strengthening of links 

between concepts in the network. Such a process can account for both the encoding of 

descriptions of life events and for the construction of new, composite concepts. Bower (1981) 

proposes that life events 

"are recorded [learned] in memory by establishing new 
associative connections among instances of the concepts used in 
describing the event." (p. 134; square brackets added) 

and goes on to state that learning 

"consists of establishing these associations and increasing 
their strength." (p. 134) 

Wickelgren (1981), and Anderson and Bower (1973) contend that the basic learning process is 

also involved in the formation of new concepts. Given that the set of primitive concept nodes 

is fixed after maturation, Wickelgren hypothesises that any "new" concepts that are added 

after this time result from the "chunking" of strongly associated groups of nodes. A "higher 

level" form of concept node may thus be created from a group of lower level concepts. Whether 

a group of nodes will be chunked depends on the strength of association between them, and 

this in turn depends upon the number of times that members of the group have previously been 

associated in other learning operations. 

Overall, associative learning involves the formation and strengthening of the links 

between concepts. What then are the principles that determine the conditions under which 

learning will occur? The fundamental principle of learning proposed by network theorists 

appears to be temporal concurrency or contiguity. Most often it is either stated or implied that 

two items must be concurrently active in order for them to become associated. For example, 

Gilligan and Bower (1984) contend that 

"a propositionally encoded event becomes associated with 
other cognitive elements active at the time of learning." (p. 
573) 

and Ingram (1984) proposes that cognitive links 

"are generally established through contiguity during life 
events. Bower (1981) illustrates this link establishment 
process in an example of when the sadness felt at the funeral of 
a friend (depression emotion node activation) becomes 
associated with a cognitive node representing descriptions of 
funerals." (p. 450) 

The reliance upon temporal contiguity or concurrency is of course consistent with all standard 

behaviourist notions of learning. Furthermore, it was argued in Chapter Two that the most 
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plausible behavioural theories of learning are those based solely upon the principle of 

temporal proximity. 

Unlike these behavioural theories however, network theories must contend with extra 

complexities in the learning process. It is assumed in network theory that the outcome of a 

learning operation will be the formation and strengthening of a meaningful association 

between two concepts. Network theorists must therefore provide an account of two additional 

learning phenomena. First they must explain how it is that, of all the events that occur 

concurrently or contiguously, only those items that are meaningfully related become 

associated in a meaningful manner. Second, network theorists need to provide an account of 

how the appropriate type of association is formed between two meaningfully related events 

or ideas. 

The fact that learning may involve more than simple contiguity is acknowledged in the 

description by Bower (1981) of how an emotion becomes associated to relevant emotion

evoking events: 

"The emotion aroused at that time became associated by 
contiguity and causal belongingness with the evoking event." 
(p. 135; italics added) 

How "causal belongingness" is determined requires explanation, just as the learning 

phenomena mentioned above require explanation. 

It is possible for the network theorist to explain these additional learning phenomena in 

two ways. The first potential explanation is that the relevant concepts or events arrive at the 

network already associated in an appropriate manner. Such an explanation presumes that 

some previous perceptual process has already "made sense" of the stimulus input. This is the 

type of explanation proposed by Anderson and Bower (1973), who posit the existence of 

perceptual and linguistic parsers that construct propositional descriptions of incoming 

stimulus events. These propositional representations are of a form that can be mapped 

directly onto existing memory structures. Similarly, Bower, Gilligan and Monteiro (1981) 

suggest that a perceptual process formulates an initial meaningful description of the stimulus 

input: 

"An event is represented in memory by a cluster of propositions 
(output by the perceptual analyzer); these propositions are 
recorded in memory by establishing new associative 
connections among instances of the concepts used in the 
description of the event." (p. 452) 

It is also possible to explain the formation of meaningful (labelled) links within the 

network by hypothesising the existence of a process that attempts to "make sense of" and then 

appropriately associate the currently active components of long-term memory (e.g Ingram, 

1984). Such a process is commonly referred to as elaboration. This form of explanation also 

assumes that a further process, most often termed appraisal, identifies relevant aspects of the 

stimulus input and activates their network representatives. 

Overall, it is obvious that any comprehensive explanation of learning in the context of 

network theory must refer to the actions of "intelligent" processes, such as elaboration and 
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appraisal, that exist outside of the semantic network. The implications of this will be further 

discussed in the sections dealing specifically with these processes. 

Activation and Association - The Electrical Analogy 

The idea of activation spreading between concept and propositional nodes via interlinking 

associations is likened to the activity that would occur in an electrical network (Bower, 1981; 

Gilligan and Bower, 1984). In such an analogy concept nodes are likened to "terminal junctures" 

in an electrical circuit and labelled associations are equated with "wires" running between 

these junctures. The injection of electrical energy into a juncture represents the direct 

activation of a node, and electrical current flowing from a voltage source to remote areas of the 

circuit corresponds to the concept of spreading activation. 

The electrical circuit is presented as an analogy for the semantic network, yet it appears 

more analogous to the semantically "empty'' network described earlier. While the electrical 

analogy can adequately illustrate the principles of associativity and activation (energy) it is 

unable to illustrate the role of semantic values and associations. Nodes in an electrical 

network have no inherent meaning and all of the associations (wires) perform the same 

function. The only way in which the action of the electrical network can become "meaningful" 

is to label wires and junctures in terms of the concepts and relations they represent. The 

patterns of energy or activation that occur could then be interpreted by some external entity 

according to the labels attached to the various units within the network. The network will of 

course remain devoid of inherent semantic content, and will behave in a completely 

meaningless way. Any meaning will therefore lie in the perceptions of the observing entity 

and the network remains semantically "empty". It was previously argued that an associative 

network devoid of semantic content can be seen as simply a representation of the pattern of 

associations between mediating stimulus-response units. Thus, if the electrical analogy is 

accurate, the "semantic" network is nothing more than a mentalistic description of mediating 

stimulus-response activity. 

Thought, Consciousness, Perception, Attention and Understanding 

In network or activation-based theories, the concept of "consciousness" is defined as the set of 

"sensations, concepts, and propositions, whose activation exceeds a threshold at a given 

time." (Gilligan and Bower, 1984, p. 573). Thus consciousness is comprised of the semantic units 

of long-term memory that are currently active. Consciousness is also involved in the definition 

of "thought" presented in network theories. Such theories propose that the basic unit of 

thought is the proposition (which has the ability to assert some fact), and that the basic 

process of thought is the activation of a proposition and its related concepts. Thought is 

therefore conceptualised as the process by which an individual becomes consciously aware of 

an idea. Given that conscious awareness is determined by activation levels in the network, 

the "flow" of thought or ideas can thus be modelled in terms of the changing patterns of 

superthreshold activation that occur in the long-term memory network. 

Consciousness is sometimes seen as equivalent to the concept of "attention", and to the 
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notion of "cognitive capacity' (Ingram, 1984, p. 452). It is presumed that attention is paid to 

whatever forms the current contents of consciousness. The network-based construct of 

consciousness or attention is also assumed to be a limited cognitive resource. Only a small 

number of propositional items can be active, and so be attended to, at any one time. This has 

important implications for the process of cognitive "elaboration" or "analysis" that is 

proposed to make sense of incoming data in terms of the currently active (conscious) components 

of the semantic network. Such a process is also apparently responsible for the meaning 

analysis necessary for the construction or "learning" of meaningful (labelled) associations 

between concepts. The only units of existing knowledge that can be used in the elaboration of 

incoming material are those areas of long-term memory that are currently active. The current 

contents of consciousness can thus be seen as the "mechanisms of cognitive elaboration" 

(Ingram, 1984, p. 451), and the extent to which a piece of input can be elaborated or analysed 

depends on the proportion of the limited-capacity consciousness that is filled with 

semantically "relevant" network structures. If there is more potentially relevant material 

available in consciousness, the elaboration process is better able to fully interpret, perceive 

and understand the incoming conceptual information (Ingram, 1984, p. 457). 

In this context "perception" appears to stand for "perception of the meaning and 

implications", and can thus be seen as equivalent to the notion of "understanding". The term 

"perception", as it is used in network theory, does not mean the initial identification of 

relevant patterns in the incoming sensory stimulus. In the present context such a process is more 

likely to be termed "appraisal". 

The amount of relevant information available in consciousness also affects the degree of 

learning that can occur. The number of links or associations that can be formed between 

existing knowledge structures and the incoming information depends upon the number of 

existing knowledge structures that are active and thus available. While the current contents 

of consciousness determine the number of potential links available, it is the process of 

elaboration that ultimately determines whether meaningful links can and should be formed. 

The hypothesised effect of the current contents of consciousness (i.e what is currently 

active) on the process of elaboration is important in network explanations of various cognitive 

and mnemonic biases that are perceived to occur. This will be shown in a subsequent section. In 

the above discussion it becomes apparent that the concept of "elaboration" is a central aspect 

of network theory. The process of "elaboration" is often used by network theorists as a key 

explanatory construct, yet the nature of this process is never adequately described. Some 

indication of the nature of this process can however be inferred from the various references to 

it throughout network theory. 

The Concept of Elaboration 

Elaboration is a process, the exact nature of which is unexplained, that causes currently active 

(conscious) material to be analysed, "perceived", "understood" and "encoded". A greater 

degree of elaboration is therefore hypothesised to produce a better level of understanding, 

learning and memory. Reference to the effects of such a process can be found in most 

presentations of network theory (Ingram, 1984, p. 450-451; Bower, 1981, p. 135; Bower, Gilligan 
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and Monteiro, 1981, p. 452; Gilligan and Bower, 1984, p. 573). As mentioned earlier, in terms of 

network theory, the elaboration process is presumed to take propositional representations of 

incoming stimuli and interpret or make sense of these using available (active) existing 

knowledge. This process involves the formation of new associations between nodes according to 

the interpretation that is made of the available information. New propositional structures 

will thus be formed within consciousness, producing a fuller awareness, perception and 

understanding of incoming events. These new propositional structures are formed by the 

creation of new links between existing nodes in long-term memory. The interpretation of events 

that is represented by these structures is thus encoded and permanently stored. 

Given that the hypothesised elaboration process must produce these effects upon long

term memory (encoding) and consciousness (understanding and perception), what then is the 

nature of such a process? Network theorists do not directly address this issue. Something of 

the nature of the elaboration process can however be inferred from the various examples of its 

use within network theory. 

Elaboration must be a process that performs a meaning analysis upon the contents of 

consciousness, and must have the power to create meaningful links between nodes in order to 

represent the outcome of this analysis. Such a process cannot be based upon some automatic and 

unintelligent principle of association (such as temporal contiguity) for it must combine 

concepts in a meaningful manner. Thus, in order for it to fulfil its associative role, the 

"elaborator" must be some form of intelligent entity that can be aware of the inherent meaning 

of concepts and propositions, and can then decide upon the type of associations that should be 

made. It was argued in Chapter Three that "meaning" can only be assessed or "known" within 

some form of consciousness. Consequently, for the elaborator to perform the required meaning 

analysis, it must be a conscious entity. The elaborator is thus a classic example of the 

homunculus that plagues cognitive theorising. An infinite explanatory regress (discussed in 

Ch. 1 &2) must follow the introduction of such a process into a model of cognitive functioning. 

This problem becomes most apparent in the claim that elaboration leads to 

"understanding" (e.g Ingram, 1984). Presumably the "understanding" of a stimulus event 

results from the conscious awareness of the newly-formed propositional structures that relate 

that event to existing knowledge. The process of association that is performed by the 

elaborator produces these propositional structures within consciousness. Thus, when the new 

meaningful links are formed, the individual finally "understands" the event to the extent 

that he or she can relate it to existing beliefs and so assert some new "fact". Understanding is 

therefore provided by propositional structures produced by the elaborator, yet the elaborator 

itself also requires the ability to understand the relationships between the relevant 

conceptual units in order to create the very propositional structures that lead to 

understanding! The situation arises then, where "understanding" in the conscious awareness of 

the individual depends upon the "understanding" of the elaborator. This is typical of 

cognitive explanations, which achieve little but the displacement of unexplained yet 

apparently causal "intelligence" from one conscious being to another. 

Figure 4.2 represents the elaboration process as it is described by Ingram (1984). Here the 

elaborator is shown as a process that takes the active sections of long-term memory as input 

and attempts to associate the various active components in a meaningful manner. Note also 
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that the elaborator has the ability to activate additional sections of long-term memory that 

may facilitate the elaboration process. The current contents of consciousness are represented in 

Figure 4.2 by the interlinked stars (nodes) within long-term memory. The inherent meaning of 

these propositional structures represents the current state of perception and understanding of 

the individual. As mentioned earlier, in order for this understanding, perception or 

comprehension to occur, the elaborator must also be able to consciously perceive and 

understand events. An infinite explanatory regress is inevitable in this situation. 

Given that the elaboration construct is shown to be logically flawed, it follows that any 

explanation of specific psychological phenomena that refers to such a construct must be 

similarly flawed. It will be shown that most of the major psychological effects that have 

been explained in semantic network terms refer to the action of the elaborative process. 
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Figure 4.2: The process of elaboration as described by Ingram (1984). The "elaborator" 
performs a meaning analysis upon the contents of consciousness and encodes the 
results. During the elaboration process, further memories may be activated that 
facilitate the meaning analysis. "Understanding" in consciousness comes from the 
propositional structures formed by the elaborator. In order to form these propositions, 
the elaborator must also "understand" the meaning of the current situation. 

It is assumed in some network theories that the elaboration process is provided with a 

set of concepts and propositions within active memory that serve as the data upon which it 

can base its interpretive effort. For example Bower, Gilligan and Monteiro (1981) suggest that 

"An event is represented in memory by a cluster of propositions 
(output by the perceptual analyzer); these propositions are 
recorded in memory by establishing new associative 
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description of the event." (p. 452; italics added) 
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According to such a theory, the elaboration process is given an unordered "cluster" of 

propositions upon which to work. 

Other network theories propose that the full process of elaboration, including the 

formation of meaningful links, occurs prior to the activation of long-term memory (Anderson 

and Bower, 1973). The "making sense" process thus occurs as part of what can be termed 

preconscious perception. This alternative view of the location of the elaborative process does 

not however avoid the problems discussed earlier. A form of understanding based upon 

existing beliefs must still occur before the conscious understanding of the individual. Problems 

related to the homunculus and infinite explanatory regress therefore remain. 

Preconscious Appraisal 

The discussion of the elaboration construct raises a further point of interest. All of the network 
theories that use the elaboration construct assume that some form of preconscious perceptual 
processing occurs within the cognitive system. At the very least, such a process must be at a 
level of sophistication that allows it to recognise and label any meaningful patterns in the 

sensory input. For example, the first type of elaboration-based theory mentioned above 
associates a group of concepts and propositions that have been activated in long-term memory. 

Such a model assumes that the meaning of the sensory input has been analysed to the extent 
that the appropriate memory nodes can be accessed and activated. While some complex yet 

automatic pattern-matching process could be hypothesised to account for the recognition of 
physical objects, such a process cannot account for the direct activation of abstract (less 
physically definable) concepts such as emotions. Again it is the meaning attributed to an 
event that is the critical determinant of whether a stimulus event will access an abstract 

memory node. This point has been fully argued in the previous section dealing with the direct 
activation of memory nodes. In this previous section it was shown that most network theories 

1 refer to another process of meaning analysis that mediates between sensory input and the 
semantic network. This process is most commonly referred to as "appraisal" (e.g Bower and 

Cohen, 1982). Given that the appraisal process must necessarily perform some form of meaning 
analysis, it is likely to suffer from the same type of problem mentioned in the discussion of the 
elaboration construct. 

Reference to perceptual processes that deliver concepts and propositions to active 
memory can be found in most versions of network theory (Anderson and Bower, 1976; Bower, 
Gilligan and Monteiro, 1981; Ingram, 1984, Bower and Cohen, 1982). Specific discussion of the 
appraisal construct is contained in the articles by Bower and Cohen (1982) and Ingram (1984). 

Ingram (1984) hypothesises an appraisal process for the initial activation of an emotion 
node: 

"the activation of the depression node is determined by the 
appraisal of life events. The appraisal construct ... refers to 
the manner in which life events are linked to the contents of 
existing cognitive structures (e.g., attitudes and beliefs). More 
specifically, appraisal is typically seen as the process that 
gives subjective meaning to external events." (p.453) 
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From this description it becomes obvious that there is no substantial difference between the 
nature of the appraisal process and that of the elaboration process described above. Both give 
"subjective meaning" to events in terms of "existing cognitive structures". Perhaps the only 
noticeable difference lies in the final outcome of each process. Whereas elaboration builds 

new structures in memory, appraisal simply identifies and activates existing nodes. Overall, 
it is obvious from Ingram's description that the appraisal process is equivalent to the 
mechanism of elaboration and must therefore be subject to the same type of problems. 

Bower and Cohen (1982) openly admit that while network theory claims that the 
appraisal process causes the initial activation of memory nodes, it fails to explain how 
appraisal actually produces this effect. In a discussion of the antecedents of emotion, they 
remark that 

"Whereas the network theory deals with the cognitive· 
consequences of an emotion after it has been aroused, its major 
incompleteness is that it does not address how emotions are 
aroused in the first place. Figure 13.6, for instance, depicts 
"evoking appraisals" that feed excitation into the emotion 
node, but that part of the system remains unanalyzed." (p.307) 

Bower and Cohen then go on to outline a potential model of emotional appraisal, based upon 

the action of "interpretive rules". These rules are proposed to produce a decision as to which 

memory node should be activated. Such rules are thus seen to provide the meaning analysis 

necessary to evoke an emotion. As was argued in Chapter Three, a major problem for cognitive 
psychology is its apparent inability to produce a plausible process to undertake the task of 
meaning analysis. Thus, if a rule-based process was found to provide a viable method of 
performing such a task, the implications for cognitive psychology would be enormous. The 
principles underlying the model of appraisal presented by Bower and Cohen therefore merit 
examination. The model of appraisal described by Bower and Cohen is however a form of 

"production system" theory, and this type of theory will be discussed at length in Chapter 
Five. There it will be shown that these rule-based attempts to account for semantic processing 

also fail to avoid the problems that have traditionally plagued cognitive psychology. 
Overall, it is not surprising that network theorists must posit the existence of 

'intelligent' processes such as appraisal and elaboration, given that the information within 
the network is structured according to semantic criteria. After all, the semantic network is 

nothing more than a semantic data-base that must be used and maintained by processes that 
can "understand" the information stored within the network structure. Such a model typifies 
the information-processing paradigm criticised in Chapter Three. 

Now that the major tenets of semantic network theory have been presented and in some cases 
criticised, it is possible to examine the application of these constructs in the explanation of 
specific phenomena. The discussion here will focus on the various network explanations of the 
effects of emotion on memory and cognition. As was mentioned in the introduction to this 
chapter, it is informative to examine the way in which a theory accounts for specific 
phenomena because it is in such accounts that any areas of explanatory weakness become 
apparent. It was also argued that the focus upon network explanations of mood-related 

phenomena is appropriate because of the large amount of research in this area that can be 
subject to analysis, and because the results of any such analysis can be validly generalised. 
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Network Theory and Mood-Related 
Phenomena 

Network theorists hypothesise the existence of several mood-related psychological 

phenomena. These phenomena will be described and the empirical evidence for the robustness 

of these effects will then be briefly reviewed. Following this, attention will focus on the 

semantic network explanations put forward to account for these phenomena. The network 

account of each mood-related effect will be outlined, and the plausibility of these 

explanations will then be assessed. 

The Phenomena to be Explained 

Network theorists hypothesise four main types of mood-related phenomena. These are (1) 

mood-state-dependent retrieval or recall (2) mood congruity in learning, perception and 

retrieval (3) the influence of mood intensity on learning, and (4) the influence of mood on 

thought and general cognitive processing. 

Mood-State-Dependent Phenomena 

Network theorists hypothesise that superior recall will occur when the mood present at the 

time of learning matches the mood at the time of recall. As Blaney (1986) puts it: 

"what one remembers during a given mood is determined in 
part by what one learned (or focused upon) when previously in 
that mood; the affective valence of the material is 
irrelevant." (p.229) 

Note that it is the congruence between mood at the time of recall and at the time of recall 

that is the key aspect of this effect, and that the nature of the material that is encoded and 

later recalled is irrelevant. 

Mood-state-dependent effects can be seen as an example of the more general category of 

phenomena referred to as "state-dependent recall". Bower (1981) describes state-dependent 

effects in the following manner: 

"Events learned in one psychic state can be remembered better 
when one is put back into the same state one was in during the 
original experience. If the recaller's state is greatly changed 
from the internal state existing during the initial experience, 
then the recaller will have difficulty remembering events." 
(p.130) 

The implication here is that the (mood) state-dependent effect is contextual. The situation or 

context in which target events are learned is presumed to be learned as well, and restoring 

that context at the time of recall therefore provides extra cues for the subsequent recall of 
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target events. Thus, while mood-state-dependent phenomena are manifest in retrieval or 

recall, they are presumed to also involve events that occur at the time of learning. 

Mood-Congruity in Perception, Learning and Retrieval 

In contrast to mood-state-dependent recall, mood-congruity effects are dependent upon the 
intrinsic emotional nature of the material that is to be processed. Blaney (1986) proposes that 

"Mood congruence assumes that some material, by virtue of its 
affectively valenced content, is more likely to be stored and/ or 
recalled when one is in a particular mood; concordance between 
mood at exposure and mood at recall is not required or 
relevant." (p. 229) 

The critical component of mood-congruity phenomena is therefore the congruity between 
current mood and the emotional content of the material being processed. It is proposed that 

such an effect could occur within perception, learning (encoding), or recall. With regard to 
perception, it is hypothesised that the presence of an emotion should increase the "salience" 
of mood-congruent stimuli in the environment (e.g Bower, Gilligan and Monteiro, 1981, p.453). 
Similarly, mood-congruity in learning or encoding involves a bias toward the encoding of 

incoming material that agrees with the current mood of the learner (e.g Gilligan and Bower, 
1984, p.549). The final area in which a mood-congruity effect may occur is in recall. It is 

possible that stored material with an emotional quality congruous with the current mood is 
more likely to be recalled (e.g Bower, Gilligan and Monteiro, 1981, p.452). Mood-congruent 

recall is thus concerned with the congruence between recall mood and the emotional quality of 
the material that is recalled, and this can be contrasted with mood-state-dependent 
retrieval which involves the extent of congruence between two mood states. 

The Effect of Mood Intensity on Learning 

Network theorists hypothesise that the extent of learning correlates positively with the 

intensity of the current emotion. It is therefore assumed that a more intense mood will lead to 
better learning. Such an effect is normally proposed to work in conjunction with mood
congruency and state-dependent effects to produce any mood-biased patterns of learning and 
recall that are manifest. 

The Effect of Mood on Other Cognitive Processes 

The prevailing mood is also hypothesised to influence many areas of general cognitive 

functioning. It is proposed that many types of cognitive processing will display a mood
congruent bias. For example, Gilligan and Bower (1984) present the "thought congruity 
hypothesis" in which they suggest that 

"subjects' thoughts - free associations, fantasies, 
interpretations, and judgements - will be thematically 
congruent with their mood state." (p.549) 
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Again this is a form of mood-congruity effect, but in this case the congruity is between the 

current mood and the style of cognitive processing that occurs. 

Overall then, three of the four classes of mood-related effect mentioned here are based upon 

the notion of mood-congruity. Mood-state-dependent recall relies upon mood-congruity 

between learning and recall episodes, whereas mood-congruent learning, perception and recall 

centre around the congruity between current mood and the emotional "valence" of the relevant 

material. Mood-congruency is also the critical aspect of mood-biased cognition, where the 

style of any processing is likely to be congruent with the prevailing mood. The emotion

related phenomenon not to exhibit some form of mood-congruity is the hypothesised effect of 

mood intensity on learning. 

The phenomena outlined here are those most commonly hypothesised by network 

theorists, and have therefore been the subject of extensive research. It is worthwhile 

examining the results of this research to determine the robustness of these effects and hence to 

determine whether they merit explanation. 

Do These Phenomena Actually Exist? - The Empirical Evidence 

The assessment of mood-related phenomena presented here is based upon the review articles 

of Blaney (1986) and Singer and Salovey (1988). These authors have produced comprehensive 

summaries of the empirical research relevant to the four categories of mood effect outlined 

above. While some of the conclusions drawn by these authors are debatable, their work 

nevertheless provides the data needed to assess the power and consistency of the 

hypothesised mood-related effects. 

Evidence for mood-state dependent recall is poor. Where a single list experimental 

paradigm is used, significant effects are generally not obtained. More evidence exists for some 

state-dependent effect in a two-list interference paradigm, where mood can be used as a 

contextual cue to differentiate between the members of two word lists learned (usually) in the 

same overall trial. However, even this type of evidence has not been consistently replicated, 

and it appears that the earlier results showing strong state-dependent effects were more a 

product of particular experimental conditions or sample characteristics. For example Bower 

and Mayer(1985) failed to replicate the earlier findings of Bower et al. (1978) and were forced 

to conclude that the success of the earlier study may have been due to the nature of the subject 

population that was tested. 

Singer and Salovey (1988) summarise the evidence relevant to mood-state-dependent 

retrieval in Table 1 of their article. Of the studies cited there, 13 found no state-dependent 

effect, 4 found a partial effect, while only 3 reported state-dependent recall in all 

experimental conditions. Overall, it is doubtful whether mood-state-dependent recall exists 

as an identifiable phenomenon. 

Evidence for "thought congruity" or the effect of mood on general cognitive processing is 

similarly weak. Singer and Salovey (1988) summarise the evidence for such effects in Tables 3 
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and 4 of their article. Table 3 deals with studies in which the mood conditions are induced, 

and a cursory categorisation of the summarised results shows 10 instances where no mood

congruent processing was obtained, 16 reports of partial effects, and 15 instances where 

consistently supportive results were found. The studies presented in Table 4 of Singer and 

Salovey's article are those that used naturally occurring moods and the results cited there are 

similarly inconclusive. While Singer and Salovey interpret the overall pattern of findings as 

"mildly supportive", it seems more appropriate to conclude that the evidence for any form of 

robust thought congruity effect is poor. 

The effect of mood intensity on learning has not been subject to intensive or systematic 

investigation. Of the evidence that is available, again there is no consistent pattern of 

results. Singer and Salovey report that earlier investigations produced "general" support for 

mood intensity effects on learning. Later evidence has however complicated the picture. 

Blaney (1986) reports evidence suggesting that the intensity of affect has no influence upon 

the extent of mood-congruent learning, and Singer and Salovey review empirical research 

indicating that intense negative affect may in fact inhibit learning. In summary then, 

empirical investigation has failed to uncover a clear-cut mood intensity effect on learning. 

In contrast to the weak or inconclusive evidence for the hypothesised mood-related 

phenomena already discussed, strong mood-congruity effects have consistently been found in 

empirical research. Singer and Salovey (1988) focus primarily upon evidence for mood

congruent learning, and report that all but one of the studies involving either naturally 

occurring or induced moods have produced confirmatory results. Blaney (1986) reviews mood

congruity effects in general and similarly concludes that such effects have widespread 

empirical support. Blaney (p.236) also finds good empirical backing for the existence of a 

mood-congruent bias at recall, as well as at the time of learning, although this phenomenon 

has been less extensively researched. However, Blaney also suggests that the hypothesised 

influence of mood-congruent recall is difficult to separate from that of mood-state-dependent 

retrieval in the experimental context: 

"although stimuli in state dependence studies may be 
affectively neutral and although stimuli in mood congruence 
may, in principle, have been experienced by the individual 
only during neutral moods, the first of these two stipulations is 
sometimes violated, and the latter of them often - perhaps 
always - is in the research arena. It is even more likely that 
they are violated in uncontrolled contexts (i.e., real-life 
situations)" (p.237) 

Blaney therefore argues that there may in fact be no significant difference between these two 

phenomena. 

A further consistent empirical finding that is not predicted by network theorists is the 

asymmetry of mood effects. Singer and Salovey (1988) present evidence that suggesting that 

mood-congruent learning and recall occur with happy or positive moods, whereas negative 

emotions appear to inhibit, or at least not to enhance, the learning and retrieval of any type 

of material. 
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In summary, three of the four mood effects predicted by network theorists find only 

limited empirical support. Only mood-congruity effects enjoy convincing empirical backing. 

Mood-congruity effects are biases in mnemonic processing that result from the congruence 

between existing mood and the affective tone of the material being processed. Furthermore, 

empirical research suggests that there is a distinct asymmetry in the effect of mood upon 

memory and cognition. This finding leads Singer and Salovey (1988) to conclude that the 

influence of mood on learning and memory is more complex than predicted by network theory. 

A network model of cognitive and mnemonic functioning therefore receives little support 

from the relevant empirical research. What is perhaps surprising is that the wealth of 

disconfirmatory evidence has apparently done little to lessen the popularity of semantic 

network-based theories. This is especially puzzling given that nearly all of the network 

explanations of mood-related phenomena assume the existence of mood-state-dependent 

retrieval, which is the memory effect that has received the least empirical support. In fact it 

is doubtful whether such a phenomenon exists at all. This point will be discussed fully at a 

later stage. 

Network Theory Explanations of Mood-Related Phenomena 

The concept of an "emotion node" is central to many network accounts of mood-related effects. 

While it is proposed that the overall behaviour of emotion nodes is no different from that of 

normal concept nodes, they nevertheless perform a unique function in the production of mood

related mnemonic and cognitive phenomena. The nature of the emotion node concept therefore 

merits attention. 

The Emotion Node 

It is proposed in network theory that each distinct emotion is represented in memory by a 

specific node. Each emotion node is the central component of an emotion-related network of 

schemata, concepts, autonomic reactions, standard expressive behaviours, and event 

memories. Activation of the emotion node occurs in the same manner as a normal concept node -

either directly via the appraisal of active information, or by excitation spreading from 

associated nodes. The activation of an emotion node constitutes the conscious experience of 

that particular emotion. Once activated, an emotion node is hypothesised to send out more 

activation energy than a normal concept node and this activation energy will spread to other 

related aspects of the emotional reaction. Propositional event memories associated with an 

active emotion will thus become more available to recall. As the emotion node is thought of as 

"central" in a mood-related network, the activation spreading from it to associated memories 

and reactions will eventually feed back excitation to the emotion node, causing the emotion 

node to remain active long after its initial activation. It is also proposed that events that are 
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causally related to the activation of an emotion, or that occur while that emotion is currently 

active, will become associated to the relevant emotion node. 

Overall, emotion nodes behave in the same manner as concept nodes, except that they can 

radiate larger amounts of activation energy, and they are likely to remain active long after 

they have initially fired. Having introduced all the relevant explanatory constructs, it is 

now possible to examine specific network accounts of mood-related phenomena. 

Network Explanations of Mood-State-Dependent Effects 

The explanation of mood-state-dependent recall presented by Gilligan and Bower (1984) is 

typical of network accounts of this phenomenon: 

"An event becomes propositionally encoded in the network, 
with connections to its corresponding emotion node and other 
mood-related concepts (Figures 18.3 and 18.7). The induced 
mood activates these nodes [emotion and related concepts], 
thus biasing the subject to initiate from them searches for 
mood-related memories. This biased search, in addition to the 
priming of mood-congruent memories via spreading activation 
from the excited emotion node, biases recall toward mood
congruent incidents." (pp.573-574; square brackets added) 

Mood-state-dependent effects will therefore occur where the congruence between the nodes 

activated and associated at the time of learning and those active at the time of recall serves 

to bias the search for target materials. 

At the time of recall, state-dependent effects depend on the combined influence of a biased 

search process and the priming of potentially relevant information through the action of 

spreading activation. The search process is biased by the fact that it starts from the currently 

active set of memory nodes which will include that of the prevailing emotion. This process is 

therefore more likely to test and possibly recall events previously associated with that 

emotion. Similarly, spreading subthreshold activation or priming will spread from the 

currently active emotion node to areas of memory previously associated with that emotion. 

Mood-congruent memories will thus require less additional energy to bring them into 

consciousness. In a sense, they are "ready" to be remembered. 

In order to become conscious of a memory that is primed, additional activation energy 

must be injected into the relevant concept nodes. The search process is therefore similar to the 

appraisal process mentioned earlier, in that it is able to directly activate or energise concept 

nodes. 

Also at the time of recall, the occurrence of mood-state-dependent recall depends in part 

upon the actions of the appraisal process mentioned in a previous section. Mood-congruent 

priming and the biased nature of the memory search rely upon the current activation of a 

particular emotion and perhaps some associated memories. As was stated earlier, the direct 
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activation of an emotion node results from the appraisal or meaning analysis of incoming 

stimuli. Thus, in both real-life situations and the induction of mood in the laboratory, the 

appraisal process acts to create the necessary activation conditions in which mood-state

dependent recall can occur. 

Mood-state-dependent recall also relies on processing that occurs at the time of learning 

or encoding. It is the fact that events have been previously associated with a particular 

emotion that enable mood biases in recall to occur. Both the effect of priming and the biasing 

of the search process depend upon the pattern of associations formed at the time of initial 

encoding. The process responsible for associating or encoding events is of course elaboration. 

The occurrence of mood-state-dependent phenomena is therefore partly dependent upon the 

problematic elaboration process discussed earlier. 

Overall, mood-state dependent effects will occur when the mood and propositions active 

at the time of learning are congruent with the mood and propositions reactivated at the time 

of recall. Mood and mood-related material may be contextual elements that are associated 

with target memories at the time of learning and may later be reactivated to form a retrieval 

cue. A full explanation of this type of effect must therefore refer to the process responsible for 

associating events and contextual cues at the time of learning, the process that reactivates 

learned contextual cues at the time of recall, and the process responsible for the subsequent 

identification and retrieval of the target events. The process of association is "elaboration", 

the process of reactivation is "appraisal", while it is the "search" process that must match 

retrieval cues to existing memories during recall. Figures 4.3a and 4.3b illustrate the necessary 

components of a comprehensive network explanation of mood-state-dependent retrieval. 

Figure 4.3a refers to those events necessary at the time of learning, while Figure 4.3b shows 

the processes involved at the time of recall. 

I STIMULUS' II APPRAISAL 

ELABORATION 

·---------

Figure 4.3a. The processes and structures occurring at the time of learning that are 
involved in the production of mood-state-dependent effects. The process of appraisal 
causes the activation of an emotion node (and some related memories) and the 
activation of the network representation of the incoming stimuli. The process of 
elaboration (learning) then associates these concurrently active network structures. 
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Figure 4.3b. The processes and structures occurring at the time of recall that are 
involved in the production of mood-state-dependent effects. The process of appraisal 
causes the reactivation of the emotion node (and related memories) that was active at 
the time of encoding. Items that have previously been associated with that emotion, 
including the target items, are primed by spreading activation. The search process is 
then initiated from the emotion-related nodes currently active. Because of the effects of 
priming and the mood-biased search, those items previously associated with the 
prevailing emotion are more likely to be recalled. 
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The processes of elaboration and appraisal have already been discussed, but what of the 

hypothesised search process? Various network theorists have formulated descriptions of such 

a process (Anderson and Bower, 1973; Anderson, 1976; Collins and Quillian, 1972; King and 

Anderson, 1976). Most current models propose that the search for target items in memory occurs 

in two stages. First, activation spreads in parallel from the memory nodes activated by the 

input stimulus (i.e the stimulus responsible for the initiation of the search). If the activation 

spreading from two nodes intersects, then the level of activation at the point of intersection 

may be driven over threshold. If this occurs, the complete memory "path" joining the two 

source nodes will be retrieved. The retrieval of the complete path is made possible by the 

assumption that activation is "source-specific" - that is, spreading activation can be traced 

back to the node from which it originated. 

The second stage of the search process involves the "evaluation" of the retrieved memory 

path. The semantic relations in the memory path are checked to see if they match the 

semantic relations required to satisfy the input stimulus. The evaluation process involves the 

application of a complex set of decision rules to determine the extent of semantic match 

between two conceptual units. For example, Collins and Loftus (1975) outline the type of rules 

required to perform a "categorization" task. Categorization involves answering questions of 

the form "is X a Y?", and an answer is achieved by the application of various rules that test 

the truth of the proposition "X is a Y". Thus, to answer the question "Is a mallard a bird?", 

the search process is proposed to retrieve any relevant memory paths and then to evaluate 
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these paths by a process of rule application. A rule may, for example, test whether a series of 

superordinate ("isa") links run between the "mallard" and "bird" concept nodes. If this is 

found to be the case, then enough positive evidence will have been found to reach a decision 

criterion, and the person will respond "yes" to the original question. The search process 

described here warrants further analysis. What does such a process really involve? 

Beginning with the presentation of an input stimulus or question, the first task is to 

determine the meaning of the stimulus so that the appropriate rules (such as categorization 

rules) can be applied. In computer simulations this task would be achieved by a search for key 

words, but such a method is inadequate in the context of natural language. The appraisal of 

stimulus input is therefore necessary in order for the search process to occur. Not only must the 

appraisal process determine the rules which should be applied, it must also output some 

abstracted propositional representation of the key semantic content of the input stimulus. For 

example, the statements "Is a mallard a bird?", and "Are mallards a type of bird?" and "Is it 

true that mallards are a kind of bird?" all reduce to the same propositional structure. The 

appraisal process must therefore output an identical propositional probe in order to test each 

of these statements. The propositional probe output by the appraisal process is pictured in 

Figure 4.4. 

Mallard 
isa ----1-...- Bird 

Figure 4.4. The core proposition underlying the input stimulus "Is a mallard a 
bird?". The appraisal process must create a propositional structure that can be 
compared with retrieved memory structures in order to satisfy the semantic 
demands of the input stimulus. Thus, to answer the question ''Is a mallard a 
bird?" the proposition "A mallard is a bird" is constructed by the appraisal 
process and its truth is determined by matching it against semantic memory. 

The appraisal process must abstract the core propositional content, so that it can be 

matched directly with the abstract propositional structures retrieved from memory. All these 

queries will of course be answered by referring to the same part of the semantic network. 

Figure 4.5 represents the type of memory structure that could be retrieved as activation 

spreads from the concept nodes accessed by the input sentence "Is a mallard a bird?". 

Mallard 
isa 

-----•--- Duck 
isa 

-----•---Bird 

Figure 4.5. An example of a propositional memory structure that could be retrieved by 
the search process and matched against an input probe. The input stimulus ''Is a 
mallard a bird?" will send activation to the "mallard" and "bird" concept nodes in 
long-term memory. Activation from these two sources will spread down associative 
links until it intersects. Activation at the point of intersection will be over threshold, 
and by tracing the "source-specific" activation back to the source nodes, the complete 
path pictured above will be retrieved. 
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The process of abstraction results in the creation of a propositional structure of a form 

that is compatible with the propositional representations held in memory. Such a structure is 

created in order to make the subsequent evaluation or matching process as simple as possible. 

All that the matching process must do is compare two structures (the abstracted propositional 

probe and the retrieved memory structure) to see if they are of a similar semantic form. It must 

be noted however that the task of the evaluation or matching is only so simple because much 

of the problematic meaning analysis is assumed to have already been completed. 

Not only must the abstract input probe be constructed before the evaluation rules can be 

applied, but the appropriate section of the network must be retrieved. The method of 

retrieval described earlier relies upon a new theoretical construct that is not part of standard 

network theory. The complete network path from two source nodes is only made retrievable by 

positing the action of "source-specific" activation. No longer is activation a simple energy 

form that ebbs and flows within the semantic network. Activation energy must now be seen as 

a substance that can somehow "carry'' information regarding the path it has followed from its 

source. Presumably a node must mark its own activation, allowing some external process to 

trace its path through the network. The simple, automatic behaviour of the activation 

construct that is both appealing and plausible is largely lost through this addition. It is hard 

to conceptualise how activation as it is defined in network theory could be differentiated 

according to its source. All the standard analogies used to describe the nature of activation are 

simple homogenous energy forms that cannot be differentiated in this manner. 

Assuming for the moment, however, that the abstracted input probe has been constructed, 

and that the relevant memory structure has somehow been retrieved, it is then up to the 

evaluation process to match or compare the structures to determine whether they assert the 

same semantic information. In other words, having acquired all the relevant information from 

the environment and memory, the evaluation process can attempt to answer the original 
question on behalf of the person of whom it was asked. If for example a person is asked "Is a 

mallard a bird?" it is then up to the evaluation process to answer the question "Is a mallard a 

bird?". No advance has therefore been made concerning exactly how this type of question is 

answered. The intelligent behaviour required to explain such a phenomenon is simply 

hypothesised to occur within yet another unexplained process existing outside the semantic 

network. 

Given that all of the critical semantic analysis occurs in the evaluation process, the 

standard semantic network and activation constructs play only a minor role in the search 

process. Activation within the network is only involved in the initial retrieval of potentially 

relevant information, yet to perform even this limited function the basic activation construct 

has had to be fundamentally modified. Overall, then, basic network constructs have only a 

limited explanatory role in the standard account of memory searching and retrieval. The real 

explanation of how appropriate material is retrieved hinges upon the actions of the search 

and evaluation processes that must somehow determine whether a particular network path is 

semantically relevant to the input stimulus. As was the case with the appraisal and 

elaboration processes discussed earlier, the goal of determining semantic value (and acting 

accordingly) is proposed to be achieved through the application of relevant rules. The 

plausibility of rule-based meaning analysis will be discussed in the following chapter. For 
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now it is enough to conclude that the search-based retrieval model proposed in network 

theory by itself moves no closer to truly explaining the process by which material is recalled. 

Standard network constructs play only a limited role in these explanations, while all of the 

critical semantic processing is simply relocated in unexplained processes existing outside the 

network. The introduction of unexplained processes to solve the problem of semantic analysis 

has been evident throughout the areas of network theory discussed so far. Network theorists 

seem intent on avoiding the issue of semantic processing. 

Such a theme is apparent in each stage of the network explanation of mood-state

dependent recall. The activation and reactivation of mood involves appraisal, the formation 

of later retrieved associations involves elaboration, and the final retrieval of target 

information involves the search and evaluation processes. All of these processes are not 

explicable in network terms. By itself, then, network theory cannot explain how mood-state

dependent recall comes about. 

Network Explanations of Mood-Congruence in the Salience of Stimuli 

Bower, Gilligan and Monteiro (1981) put forward an explanation of why mood-congruent 

stimuli in the environment are more salient to the observer. They propose that 

"The active emotion node sends activation to the perceptual 
categories that are linked to it associatively so the percepts 
are in readiness to be used. Similarly schemas for interpreting 
actions as pleasant or unpleasant are brought into readiness by 
the corresponding emotion. The factors operate like a 
"cognitive set" to bias the way perceivers interpret social 
messages they hear." (p.453) 

The process of perception or appraisal therefore uses "percepts" and "schemas" stored in 

long-term memory as guidelines by which it makes sense of the environment. It may be that 

these percepts and schemas are sets of interpretive rules that are applied by the perceptual 

process. The mood-congruent bias in perception comes from the selection of a certain mood

congruent class of interpretive rule that is used to process incoming stimuli. The use of mood

congruent rules in perceptual processing acts to selectively filter incoming stimuli so that 

mood-congruent events are more likely to be perceived. Also, the application of mood

congruent rules makes ambiguous events more likely to be interpreted in a mood-congruent 

manner. 

The selection of a set of mood-congruent rules is proposed to occur automatically through 

the action of spreading activation. Activation spreads from the currently active emotion node 

to associated percepts and schemas, bringing them into a state of "readiness". Exactly what 

constitutes a state of readiness is not explained. In order for items in long-term memory to be 

"available" to various cognitive and perceptual processes, network theory normally proposes 

that these items must be activated above threshold and enter consciousness. For example, the 

search process discussed earlier can only evaluate memory structures that have been retrieved 

into consciousness. It is therefore likely that the "percepts" and "schemas" that are 'ready'' to 

be used by the appraisal (perceptual) process are active components of consciousness. If this is 
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so, then the "readiness" of these percepts is an instance of mood-state-dependent recall. 

Figure 4.6 provides a schematic representation of the explanation of mood-congruent 

perception proposed by Bower, Gilligan and Monteiro (1981). 
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Figure 4.6. A schematic representation of the structures and processes involved in 
mood-congruent perception. Incoming stimuli are filtered and interpreted by the 
perceptual or appraisal process. The "percepts" and "schemas" that are most available 
in long-term memory are used as the guidelines for this appraisal process. Activation 
spreading from the currently active emotion will ensure that these percepts and 
schema, and hence the process of perception, will be mood-congruent. 

Overall, the explanation of mood-congruity in perception involves the influence of the 

currently active components of long-term memory on the perceptual (appraisal) process. It 

may be that the presence of mood-state-dependent recall is a prerequisite for the occurrence of 

this perceptual effect. 

A mood intensity explanation of mood-congruence in perception is also presented by 

Bower, Gilligan and Monteiro (1981). This form of explanation however assumes that 

incoming material must first be perceived as mood-congruent in order for any intensity effect to 

occur. It is therefore hard to understand how an intensity-based explanation can hope to 

account for perceptual effects which are themselves antecedent causal conditions for changes 

in mood intensity. Intensity-based explanations are more appropriately applied to the 

phenomenon of mood-congruent learning. 

Network Explanations of Mood-Congruent Learning 

Network theorists present three types of explanation for the phenomenon of mood-congruent 

learning. They propose that such an effect results from either selective reminding, mood

congruent biases in the extent of elaboration, or the effects of mood intensity on learning. These 
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potential explanations will be examined in turn. By way of introduction it should however be 

noted that these three types of explanation overlap to a large degree. 

Explanations of mood-congruent learning based on the principle of selective reminding 

assume that when a person is in a particular mood he or she is more likely to remember mood

congruent incidents. Bower (1981) then proposes that 

"such reminding is itself an event that enhances memory of an 
input event. This occurs perhaps because the old memory 
allows one to elaborate on the input event or to infuse it with 
greater [more intense] emotion." (p. 144; italics and square 
brackets added) 

Similarly, Bower, Gilligan and Monteiro (1981) hypothesise that 

"for reasons of elaboration, vividness, or whatever, input 
events that remind us of episodes from our past will be 
remembered better .... because the readers' current mood causes 
them to have more reminding experiences with same-mood 
incidents, they will recall more same-mood than opposite
mood materials." (p. 470; italics added) 

Two major points can be taken from these explanations of mood-congruent learning. First, 

selective reminding per se is simply another name for mood-state-dependent retrieval, and 

second, the principle of selective reminding does not by itself provide an explanation of mood

congruent learning. These "explanations" simply propose that mood-state-dependent recall is 

a necessary precursor to mood-congruent learning. The only attempt to explain how mood

congruent learning follows from this antecedent condition is by vague reference to possible 

changes in emotional intensity or in the elaboration of incoming information. Overall then, 

explanations based on selective reminding serve only to show that mood-state-dependent 

recall must be assumed in elaboration or intensity-based accounts of mood-congruent learning. 

Given that this point is explicitly made within the proposed elaboration and intensity-based 

explanations also proposed by network theorists, the notion of selective reminding can be 

ignored completely. 

The second type of explanation for mood-congruent learning is based upon the process of 

elaboration. Ingram (1984) and Gilligan and Bower (1984) have presented accounts of mood

congruent learning that rely upon the elaboration construct. Both of these explanations will be 

examined below. 

The explanation presented by Gilligan and Bower (1984) assumes that mood-state

dependent recall is a necessary precondition for mood-congruent learning. They begin their 

account of mood-congruity effects with the statement 

"According to network theory, the induction of mood activates 
the corresponding emotion node and (some of) its associates, 
thereby creating a mental context dominated by mood-related 
themata." (p. 573) 
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Mood-state-dependent retrieval must therefore create a mood-congruent state of consciousness 

in order for mood-congruent learning to occur. 

Using an example of a story-learning task, Gilligan and Bower then go on to explain 

mood-congruent learning in the following manner: 

"this mood-biased context is used by the subject to understand 
and elaborate upon the story materials. Mood-congruent 
material [stimulus] is easily elaborated because of its 
similarity to, and consistency with, the context themata, 
whereas mood-incongruent material is difficult to elaborate 
because it is inconsistent with such themata. The greater 
elaboration of mood-congruent material results in a network 
representation of it which has more interconnections with 
other memory structures ... This greater number of connections 
results in better memory for the congruent items, because each 
link provides a potential retrieval path during recall." (p. 
573; square brackets added) 

Better learning is thus manifest in the formation of a greater number of connections between 

the to-be-learned stimulus and existing, active knowledge structures. It is the process of 

elaboration that is responsible for the formation of associations and hence the extent of 

learning. The elaboration process links incoming stimuli to the current contents of consciousness 

only if there are valid semantic associations that can be made. Given that mood-state

dependent recall has produced a state of consciousness dominated by mood-congruent 

"themata", an incoming stimulus assessed as semantically congruent with the prevailing 

mood is likely to be associated with a greater number of the memory structures currently 

active. A mood-congruent bias in the extent of association and hence learning is thus created. 

Figure 4. 7 represents the process described above. 

According to this explanation, both mood congruent and incongruent stimuli will be 

perceived and thus have their corresponding network representatives activated. The 

activation of nodes in memory does not however constitute the learning of the stimulus event. 

To be learned, new associations to existing knowledge structures must be formed. If no such 

connections are created, the activation in the nodes representing the stimulus will simply die 

away, and the experience of the stimulus event will have no lasting effect on memory. In the 

case of mood-congruent learning, the extent of association is dependent upon the judgement of 

semantic "similarity" and "consistency" between a stimulus and the currently active 

"themata" recalled from memory. It is the elaboration process that makes these semantic 

judgements. 

Overall then, mood-congruent learning is explained in terms of mood-state-dependent recall, 

and the semantic judgements of the elaborator. As has been shown earlier, both the intelligent 

behaviour of the elaboration process and the nature of the processes that underlie state

dependent recall remain unexplained. An account of mood-congruent learning based upon these 

constructs is therefore of limited explanatory value. 
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Figure 4.7. The explanation of mood-congruent learning proposed by Gilligan & 
Bower (1984). The prevailing mood brings associated memory structures into active 
memory. Consciousness is thus dominated by mood-congruent material. This is the 
phenomenon of mood-state-dependent recall. The process of elaboration (learning) 
will only associate meaningfully related material. Given that consciousness is 
dominated by mood-congruent memories, it is therefore more likely that 
mood-congruent stimuli will become meaningfully associated to the available (active) 
memory structures. 
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Gilligan and Bower assume that all stimuli are perceived and their network 

representatives activated. The mood-congruent bias is therefore presumed to occur within the 

elaboration process and in the recall of existing knowledge structures. 

In contrast, Ingram (1984) sees the mood-congruency bias as occurring in the process of 

activating the network representatives of the input stimuli. Ingram describes the occurrence of 

mood-congruent learning in the following manner: 

"According to spreading activation notions of cognitive 
processes, one determinant of the amount of capacity that an 
information processing task is afforded is the similarity of the 
incoming information to the individual's current cognitive 
contents ... in order to be activated above threshold, and 
therefore receive elaboration, activation from incoming 
information must summate with activation already in the 
cognitive network. Without some activation already in the 
network, incoming information will usually not contain enough 
activation(unless it is unusually strong) to exceed threshold. 
Hence, information that sends activation to already active 
networks will be more likely to be perceived and processed ... 
(see Norman 1968, for a more complete description ... ). Thus 
information that is consistent with, or similar to, the contents 
of the individual's active network will receive cognitive 
elaboration."(p458; italics added) 
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Thus, by the process of priming, mood-related material is more likely to become active and is 

therefore more likely to be processed and learned. Subthreshold activation spreads from the 

currently active emotion node and primes associated memory structures. Less additional 

activation is then required to drive the memory representatives of mood-congruous stimuli 

over threshold. Given that the elaboration or learning process deals only with active 

material, mood-congruent memories and thoughts are therefore more likely to be processed 

and hence learned. 

Mood-congruent learning thus results from biases in perception rather than learning. The 

behaviour of the learning process is not mood-biased, but it is given mood-biased input on 

which to work. 

The apparent power of this model lies in its ability to create a mood-congruent bias in a 

completely automatic and unthinking manner. The increased probability of processing and 

hence learning mood-congruent stimuli is explained solely in terms of spreading activation. 

This is in apparent contrast to the model presented by Gilligan and Bower (1984) in which the 

mood-bias results from the meaning analysis of elaboration process. 

However, if the complete system described by Ingram is examined, it becomes apparent 

that his explanation of mood-congruent learning still relies upon the semantic analyses 

performed by the elaboration and appraisal processes. Figure 4.8 illustrates the true form of 

Ingram's explanation of mood-congruity effects. 
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Figure 4.8. The explanation of mood-congruent learning proposed by Ingram (1984). 
The situation portrayed above deals with the perception of a mood-congruent 
stimulus. Activation spreads from the active emotion node and primes mood-related 
areas of the network. If the incoming stimulus is (appraised as) mood-congruent it will 
access a primed area of the network, and the activation from the stimulus will 
summate with the activation already in the network. Mood-congruent stimuli are 
therefore more likely to activate their network representatives and consequently be 
elaborated and hence learned. 
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Regardless of the fact that the elaboration process is given a mood-congruent sample of 

the incoming stimuli, it must nevertheless "make sense of" the current contents of consciousness 

in order to form meaningful, semantically valid associations. If the desired outcome of the 

learning process is the formation of a semantically organised network, a component of 

semantic analysis in such a process is unavoidable. Ingram's model of mood-congruent learning 

is therefore forced to include an "intelligent" elaboration process. 

Also, given that the elaborator will only form semantically consistent connections, mood

incongruent stimuli will not be associated with the mood-congruent material retrieved from 

memory. The elaboration process will therefore function to "filter out" mood-incongruent input 

and will only allow the learning of mood-congruent material. The elaboration process can 

therefore produce mood-congruent learning without the addition of Ingram's idea of a 

perceptual, activation-based mood bias. Ingram's summation of activation model of mood bias 

is therefore a redundant explanatory construct. 

Along with elaboration, some form of "intelligent" appraisal is also required in Ingram's 

model. Incoming stimuli must be semantically analysed so that the correct memory nodes can 

be accessed and injected with some amount of direct activation. The meaning of environmental 

input must therefore be ascertained in order to reference the appropriate concept node. 

Finally, the explanation of mood-congruent learning proposed by Ingram lacks 

phenomenological plausibility. Ingram's explanation relies upon a perceptual bias, where it 

is likely that the representatives of mood-incongruent stimuli will not reach threshold 

activation. This implies that often the individual will not even be consciously aware of the 

occurrence of mood-incongruent events. There are however situations where mood-congruent 

learning occurs in which it is almost guaranteed that the individual has perceived the mood

incongruent stimulus events. For example, in the laboratory setting where word-lists are 

presented to a subject who is actively attending to the presented material, it is unlikely that 

the subject will simply not perceive the incongruent words. It is therefore unlikely that a 

perceptual bias can account for the mood-congruent effects found in such experimental settings. 

In summary, the explanation of mood-congruent learning presented by Ingram (1984) is 

similar to that of Gilligan and Bower (1984) in that it must refer to the causal influence of 

"intelligent" processes existing outside of the network. In spite of the addition of a 

summation-of-activation model of mood-bias, some form of meaning analysis must 

nevertheless be performed by both the elaboration and appraisal processes. 

Mood-congruent learning can also be explained in terms of emotional intensity. Bower, 

Gilligan and Monteiro (1981) account for mood-congruent learning in terms of the effects of 

mood intensity on the amount of attention, processing and encoding a stimulus receives: 

"events that evoke pleasant evaluations will enhance an 
ongoing positive mood but decrease an ongoing negative mood, 
and vice versa for unpleasant events. We will suppose that the 
amount of attention and processing allocated to an incoming 
event will be greater the greater is the emotional arousal 



(intensity) coincident with that event. By this hypothesis, 
pleasant events will receive more processing when people are 
in a pleasant mood, and unpleasant events will receive more 
processing when they are in an unpleasant mood. As a result, 
subjects should learn to a greater degree events that are 
congruent with their current emotion." (p.453; italics added) 

Similarly, Bower (1981) proposes that 

"If the congruity of the [incoming stimulus] material with 
mood causes such fluctuations in mood intensity, then the 
[mood-congruency] effect on memory should follow if we assume 
that people are more likely to remember events associated 
with more intense emotional reactions." (p.144; square brackets 
added) 
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Mood intensity explanations of mood-congruent learning therefore rest upon the 

assumption that emotional intensity has a general effect upon the process of learning 

(elaboration). Given that this assumption is accepted, it is then hypothesised that mood 

intensity is affected by the mood-congruency of incoming stimuli. If a stimulus is mood

congruent then the prevailing mood will be intensified. In network terms, if a stimulus is 

mood-congruent, the relevant emotion node will receive additional direct activation. Mood

congruent learning thus occurs when an incoming mood-congruent stimulus increases the 

intensity of the existing mood, and is consequently better processed, encoded and hence 

learned. 

In order for mood-congruent learning to occur, the mood-congruency of the incoming 

stimulus must therefore be determined before that stimulus reaches consciousness and is 

elaborated upon. The mood-congruency of the stimulus must first act to intensify (or reduce) 

the existing mood, so that the alteration in mood intensity can appropriately influence the 

elaboration process. In other words, the meaning of the incoming stimulus needs to be 

determined so that the appropriate emotion node can receive additional direct activation. 

The stimulus must therefore be assessed by the "preconscious appraisal process" discussed 

earlier in the chapter, so that the correct mood can be intensified. Figure 4.9 illustrates this 

process. 
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Figure 4.9. A mood intensity-based explanation of mood-congruent learning. The 
above diagram represents a situation in which a mood-congruous stimulus is 
presented. The appraisal process determines that the stimulus is mood-congruous and 
consequently sends additional direct activation to the currently active emotion node. 
The appraisal process also activates the network representation of the incoming 
stimulus. The elaboration process can then associate this representation with the 
mood-related contents of consciousness. It is assumed that the elaboration process is 
affected by the intensity of the prevailing mood. The appraisal has intensified the 
current mood and so the mood-congruous stimulus will be learned better. 

Overall, mood intensity-based explanations of mood-congruent learning rely upon (1) the 

meaning analysis performed by the preconscious appraisal process, and (2) the assumption of a 

mood intensity effect on learning. The nature of the appraisal process was discussed earlier, 

and the effect of mood intensity on learning is discussed below. 

Accounting for the Influence of Mood Intensity on Learning 

Network theorists hypothesise that mood intensity has an unconditional and consistent effect 

upon the extent of learning. Gilligan and Bower (1984) present such an idea in their "mood 

intensity hypothesis" in which they propose that "learning is positively correlated with the 

intensity of a mood" (p.549). The intensity-based explanations of mood-congruent learning 

discussed earlier rely upon the existence of this hypothesised effect. 

Empirical evidence, however, indicates that no such relationship between mood 

intensity and learning actually exists. According to Gilligan and Bower (1984), the 

experiments conducted to test this relationship 

"suggest a state of affairs more complicated than predicted by 
our original hypothesis. Intensifying a happy state had little 



influence on learning mood-irrelevant items, whereas it 
improved the learning of happy ... [items]; intensifying a sad 
mood hampered the learning of even mood-relevant ... [items]. 
Thus, both mood and the relatedness of the learning materials 
are important variables in determining the effect of mood 
intensity on learning." (pp.564-565) 
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Mood intensity thus appears to influence learning in different ways according to the type of 

mood, and according to the mood-congruency of the material to be remembered. Increasing 

mood intensity does not therefore consistently lead to better learning. 

The intensity-based explanations of mood-congruent learning discussed in the previous 

section rest upon the assumption that there is a consistent and simple relationship between 

mood intensity and learning. However, the empirical findings outlined above imply that no 

such assumption can be made. It can therefore be concluded that only the elaboration-based 

explanations of mood-congruent learning remain potentially plausible. 

While Gilligan and Bower (1984) find no evidence for their original mood-intensity 

hypothesis, they do however produce evidence for the more complex form of intensity effect 

outlined above. How then do Gilligan and Bower account for the interactive influence of mood 

type, mood intensity, and mood-relatedness of learning material upon the extent of learning? 

Gilligan and Bower (1984) explain mood-intensity effects in terms of mood-state

dependent recall and elaboration, The explanation that they propose is essentially a 

restatement of the elaboration-based explanation of mood-congruent learning presented 

earlier. In such an account, the the intensity of an emotion is represented by the amount of 

activation radiating from the corresponding emotion node. The greater the amount of 

activation emanating from an emotion node, the more emotion-related material will "flood" 

into consciousness. The process of elaboration attempts to meaningfully associate incoming 

material to the currently active memory structures. Thus, if the currently active components of 

the network are predominantly mood-related, then mood-congruent stimuli are more likely to 

be better elaborated and hence learned. Emotional intensity simply influences the proportion 

of consciousness that is occupied by mood-congruent memories, or in other words, emotional 

intensity determines the extent of mood-state-dependent recall. 

The only aspect of Gilligan and Bower's explanation that goes beyond the elaboration

based account of mood-congruent learning discussed earlier, concerns the effect of mood 

intensity on attentional and perceptual processes. Gilligan and Bower refer to the behaviour 

of perceptual and attentional processes in order to account for the effect of mood type on 

intensity-based learning effects. Here their explanation rests upon the assumption that the 

contents of consciousness guide the process of perceptual interpretation, and determine the 

individual's focus of attention. This idea is of course identical to that proposed by network 

theorists to account for the general influence of mood on perception. In an earlier section it was 

concluded that the network explanation of such effects is based upon the actions of the 

appraisal process in conjunction with mood-state-dependent recall. 

In summary, it can therefore be concluded that Gilligan and Bower's account of mood-
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intensity-related phenomena is merely a restatement of the explanations already provided 

for mood-congruous perception and learning. The network explanation proposed to account for 

mood-intensity effects is thus similar to the accounts of other cognitive phenomena discussed 

earlier. All of these explanations centre on the presence of mood-state dependent recall and 

the processes of elaboration and appraisal. Seemingly e:very explanation proposed by network 

theorists can be interpreted in terms of these three constructs. 

Bower (1981) also addresses the issue of mood-intensity effects. The scope of his 

discussion is however limited to the effect of mood intensity on the learning component of 

mood-state-dependent recall. Bower's account of this mood-intensity effect is consistent with 

the network explanations discussed previously, in that it must infer the causal action of the 

appraisal and elaboration processes. 

The effect of Mood on Other Cognitive Processes 

Network theorists also attempt to explain how emotion affects various aspects of general 

cognitive functioning. For example, mood biases in probability estimates or predictions of 

future events are explained in terms of mood-state-dependent retrieval. It is hypothesised 

that judgements of future probabilities are made by sampling relevant past events and 

opinions stored in memory. Mood-state-dependent recall is proposed to create a mood

congruent bias in this sample, and hence in the estimate that is made. Mood biases in social 

perception have also been explained in terms of the semantic network. It is hypothesised that 

mood biases in social judgements occur when mood-state-dependent recall makes available 

mood-congruent rules, hypotheses and schemata that are used to guide the appraisal of social 

stimuli. The network explanations provided for other examples of mood biases in general 

cognitive processing are of a similar form. 

In summary, the explanations of mood effects on general cognitive functioning are consistent 

with the network accounts of the mnemonic and perceptual phenomena discussed earlier. The 

effect of mood on various cognitive processes is explained in terms of the mood-biased 

elaboration and appraisal that results from the increased availability of mood-congruent 

themes and memories. The accounts provided for certain aspects of mood-biased cognition are 

further instances of network explanations that rely upon the influence of mood-state

dependent recall and the processes of elaboration and appraisal. 

Having examined the semantic network accounts for various mood-related cognitive, 

perceptual and mnemonic phenomena, it is now possible to summarise and assess the overall 

validity of these network explanations. This assessment will then be used in conjunction with 

the general analysis of network theory given at the beginning of the chapter in order to draw 

some conclusions regarding the explanatory scope and power of the overall semantic network 

approach. 
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An Assessment of Semantic Network Theories 
of Cognition, Memory and Emotion 

This thesis proposes that modern cognitive theories continue to exhibit the logical problems 

that have plagued the cognitive paradigm from its inception. In this section it will be shown 

that semantic network theory, as an example of modern cognitive theory, does indeed display 

the traditional problems of cognitive psychology. 

A further hypothesis under study is that the plausible aspects of modern cognitive 

theory are those developed from constructs existing in behavioural theories. Evidence for this 

idea is presented in the analysis of network theory presented below. 

Network Theory-Based Explanations of Mood-Related 
Phenomena 

Network explanations of mood-related phenomena can be summarised according to the 

processes, structures and assumptions upon which they are based. In this section, the critical 

components of the explanations presented earlier to account for various mood-related 

phenomena will be outlined. This summary will then be used to derive the general form of 

semantic network-based explanations. 

Explanations of Mood-related Phenomena - a Summary 

At the time of learning, explanations of mood-state-dependent recall are based upon the 

appraisal of incoming stimuli and the subsequent elaboration of active material. At the time 

of recall, these explanations rely upon the appraisal process to reactivate the relevant 

(emotion-related) areas of the network, and for activation (priming) to spread to related 

network structures. The search and evaluation processes are then hypothesised to perform a 

semantic matching exercise in order to retrieve only semantically relevant information from 

memory. 

Mood-congruence in the perception of environmental stimuli is explained by network 

theorists in terms of mood-state-dependent recall and preconscious appraisal. Mood-state

dependent retrieval makes available mood-congruent themes and schemata in long-term 

memory, and these are used to guide the perceptual process. 

There are several forms of explanation proposed to account for the phenomenon of mood

congruent learning. The "selective reminding" hypothesis simply states that mood-state

dependent recall is a necessary antecedent condition within elaboration and mood-intensity

based explanations of mood-congruent learning. The elaboration-based account of mood

congruent learning proposed by Gilligan and Bower (1984) assumes mood-state-dependent 

recall and the actions of the appraisal process to access and activate the appropriate long

term memory structures. The elaboration process is then hypothesised to examine the active 

components of long-term memory and associate them according to semantic criteria. Ingram 

(1984) also presents an elaboration-based explanation of mood-congruent learning in which he 



114 

proposes that a "readiness" to perceive mood-congruent material is automatically created 

through the priming of mood-congruent memory structures. Mood-congruent learning is then 

supposed to occur because of the greater likelihood of mood-congruent stimuli becoming active 

and hence being elaborated and learned. This explanation must refer to the actions of the 

appraisal process in accessing and activating appropriate memory nodes, and the process of 

elaboration is also needed to form meaningful associations. 

Intensity-based explanations of mood-congruent learning propose that the appraisal of 

stimuli as mood-congruent changes emotional intensity. It is then assumed that changes in 

emotional intensity directly affect the extent of learning that can occur. 

Mood-intensity effects of the form assumed above have not been found. More complex 

forms of mood-intensity bias in learning and perception have however become apparent. The 

network explanations of these effects are essentially restatements of the network 

explanations of mood-congruent learning and perception mentioned earlier. The role of 

emotional intensity in these explanations is simply to determine the extent of mood-state

dependent recall. 

Finally, mood effects on general cognitive functioning are generally explained according 

to the availability of mood-congruent information to the processes of elaboration and 

appraisal. The phenomenon of mood-state-dependent recall is of course responsible for the 

activation and hence availability of information stored in long-term memory. 

Explanations of Mood-related Phenomena - Their General Form 

What then is the general form of a semantic network-based explanation? It is apparent from 

the preceding summary that network explanations of mood-related phenomena rely upon a 

limited range of fundamental assumptions, processes and structures. 

The explanations outlined above exhibit two features that classify these explanations as 

derivatives of semantic network theory. First, all of the accounts of mood-related phenomena 

refer at some point to the knowledge structures that make up the semantic network. All of the 

explanations described earlier involve either the use of the information stored within the 

semantic network, or the alteration of that stored information. Second, access to the 

propositional network structures is gained via the "primitive" process of activation. The 

notion of direct activation serves to link the network with the outside world, while the idea 

of spreading activation in an associative network allows for semantic congruency in thought 

and processing. Reference to the action of activation within the long-term memory structure is 

central to all network accounts of mood-related phenomena. 

While these two constructs are central and defining features of basic network theory, it is 

however apparent in the summary outlined above that neither of these constructs plays an 

important causal or explanatory role in network-based explanations of specific phenomena. It 

will be shown below that the production of activation, and the formation, alteration and 

utilisation of the memory structure rely upon other explanatory constructs that are not part of 

standard network theory. The advantage of examining the explanations of specific 

phenomena derived from a general theory becomes apparent at this point. The analysis of 
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specific network explanations serves to reveal the true nature of network-based explanatory 

theory, and thus acts to uncover the deficiencies and logical weaknesses of such an approach. 

The standard network constructs of activation and structural representation are thus 

included, in some capacity, within network-based explanation. The true form of network

based explanation is, however, better expressed in terms of a critical set of assumptions and 

processes that seemingly underlie every network account of mental phenomena. A description 

in these terms is not only more accurate, but it also subsumes the concepts of activation and 

structural representation mentioned above. A summary based upon this critical set of 

assumptions and processes thus provides a complete description of the form of explanatory 

network theory. 

All of the network explanations of mood-related phenomena discussed above assume the 

existence of either mood-state-dependent recall, or priming through the spread of 

subthreshold activation. The reliance of such explanations upon mood-state-dependent recall 

is interesting from an empirical perspective, in that the evidence for the existence of such a 

mood effect is poor. 

Mood-state-dependent recall is itself a phenomenon explained by network theorists. 

Such a phenomenon is hypothesised to occur through the action of priming (spreading 

activation) and the semantic matching behaviour of the search and evaluation processes. The 

assumption that underlies all network explanations of mood-related phenomena can thus be 

restated. Seemingly, all network explanations assume the existence of priming through 

spreading subthreshold activation, and the semantic analysis of the search and evaluation 

processes. 

It is only within the assumption of the priming effect that the standard network 

constructs of activation and structural (associative) representation have any real explanatory 

status. The only explanatory role of spreading activation in an associative semantic network 

is to account for the increased potential for recall in areas of the network related to currently 

active memory nodes. Note that even in the network explanation of memory recall, such 

constructs do not have primary causal status. It is the action of the search (and evaluation) 

process that ultimately determines the retrieval of semantically appropriate material. 

In conjunction with the assumptions stated above, the general form of network-based 

explanation is described by the causal influence of four cognitive processes. As is apparent in 

the summary of specific network explanations presented in the previous section, some 

combination of the processes of searching, evaluation, appraisal and elaboration is 

hypothesised to be responsible for the production of all mood-related phenomena. Learning, 

recall from memory, perception, changes in the network, and even the production of activation 

are explained in terms of the behaviour of these processes. 

The search, evaluation, appraisal and elaboration processes have all been discussed 

earlier in this chapter and it has been shown that they are all explanatory constructs that 

are proposed to perform a causally significant semantic or meaning analysis. Beyond the 

limited role of spreading activation in recall, these processes are responsible for every major 

causal event described within network-based explanations of mood-related phenomena. 

Figure 4.10 summarises the assumptions and processes that are hypothesised to account for 

such mood-related effects. 
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In terms of this diagramatic summary, the role of activation is encapsulated in the 

"priming" assumption, represented as a labelled diamond. Apart from this single assumption, 

it is apparent in this illustration that every phenomenon or effect (represented as round

cornered rectangles) is explained in terms of the four processes of meaning analysis 

(rectangles) that form the foundation of the pictured explanatory structure. The fact that 

explanations of mood-related phenomena rely upon such processes has been made apparent 

throughout the chapter. Note also that there are no further mechanisms or descriptions 

evident in Figure 4.10 by which the behaviour of these four processes can be explained. In the 

context of network-based explanation, the search, evaluation, appraisal and elaboration 

processes are apparently fundamental. 

Not only are the various abstract phenomena represented in Figure 4.10 explained 

primarily in terms of these processes, but at a more "concrete" level, the behaviour of such 

processes also determines events within the semantic network structure itself. Activation in 

the network is only ever produced by the action of these processes, and the form of the network 

structure is only ever altered through the causal influence of the elaboration process. Network 

theorists hypothesise that various abstract mental states and events such as perception, 

attention, consciousness and understanding directly reflect the current state of the network. 

Given that the processes of meaning analysis determine the current state of the network (its 

form and activation), they must also be responsible for the production of these abstract mental 

phenomena. Events within the semantic network, and mental phenomena that reflect the 

current state of the network, are therefore merely mental effects produced primarily by the 

causal judgements of the four processes of meaning analysis. 

In the context of network explanation it can thus be concluded that the structure and 

activation of the semantic network is bereft of true causal or explanatory status. All network 

events and psychological phenomena of interest are instead determined by the interpretation 

of meaning and subsequent action of the appraisal, search, evaluation and elaboration 

processes. 

The total reliance of network-based explanation on the processes of semantic analysis is 

hardly surprising given that network theorists work upon the assumption that mental 

organisation and functioning occur according to semantic or meaning-based criteria. Mental 

events (e.g changes in the network) must therefore always reflect the meaning attributed to 

the stimuli or knowledge units currently being processed. This is of course a fundamental 

cognitive assumption. 

In the context of explanation, the semantic network thus provides nothing more than a 

knowledge base that can be referenced (and updated) by the all-important processes that 

perform the analysis of meaning. These processes are therefore responsible for all of the 

mental "work" of "thought" that is hypothesised to occur in the network model of cognitive 

functioning. 
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Conclusions Regarding the Theoretical and Explanatory Power of 
Semantic Network Theory 

Having established that all semantic network-based explanations of mood-related 

phenomena are primarily dependent upon the causal meaning analysis performed by four 

hypothesised processes, what then are the ramifications of this finding for network 

explanation and theory in general? As stated at the beginning of the chapter, conclusions 

drawn from the analysis of network explanations of mood-related phenomena can be validly 

generalised to all network-based explanation. Any implications of the present analysis thus 

apply to network explanation and theory in general. 

As shown throughout this chapter, all instances of causal semantic analysis are 

hypothesised by network theorists to occur within some meaning-based process, yet the nature 

of that process is never adequately explained. Semantic network theory and explanation are 

built upon the cognitive assumption that the organisation of mental structures and the 

behaviour of mental processes are determined by semantic factors. Theories and explanations 

adhering to this assumption must directly address the issue of how the critical semantic or 

meaning-based processing is performed. Network theory is based upon such an assumption yet 

fails to address this issue. Instead, network theory and explanation focuses in some detail 

upon the nature of activation and memory representation. It becomes apparent however that 

these theoretical constructs play a trivial part in any "network" explanation of psychological 

phenomena. 

Overall then, the analysis of meaning that is central to all network explanation is never 

adequately dealt with, but is instead simply hypothesised to occur within various 

unexplained semantic processes. All of the processes depicted in Figure 4.10 are instances of 

such hypothesised yet unexplained mental entities. Earlier it was shown that in the context 

of network theory, the processes of meaning analysis are directly responsible for all major 

mnemonic, perceptual and cognitive effects. Network theorists must therefore explain how 

the actions of these processes cause such mental events. Virtually every event of causal 

significance occurs within these processes, and if network theorists fail to explain how these 

events occur, then network theory explains little. 

Even though the means by which critical causal processes carry out their function is not 

explained, the nature of that function is however made very clear. Throughout this chapter it 

has been shown that the critical causal feature of these processes is their hypothesised 

ability to perform the analysis of meaning. As was argued fully in Chapter Three, in order to 

act according to the apparent meaning of objects or events, an entity or process must be aware of 

that meaning. Given that meaning is an experience of the individual, an awareness and a 

subsequent realisation of meaning can only occur within the consciousness of some entity. It was 

further argued in Chapter Three that the analysis of meaning involves the assessment of 

consciously available stimulus events according to existing belief and knowledge structures. In 

order to carry out such an assessment, some process or entity must be in a position to "look at'' or 

observe the available information and consequently arrive at some form of decision or 

judgement. 

Thus, if the processes hypothesised in network explanations are to make semantic 
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judgements on behalf of the individual, they must be conscious entities that can observe and 

assess the information available in the consciousness of the individual. The beginning of an 

infinite explanatory regress is evident in the behaviour of such processes. 

The task of semantic analysis also requires that some entity be able to consciously 

perceive, understand, and test the meaning of available information in order to draw 

"rational" conclusions. In other words, the observing entity or process must exhibit all the 

features of human decision-making. Processes within the explanatory system therefore 

exhibit the very kind of phenomena that the system is intended to explain. 

This situation reflects the subject-investigator division outlined in Chapter Two. There 

it was argued that an infinite explanatory regress is created if the investigator attributes the 

system under study with just those properties that he or she possesses and is supposedly 

explaining. Network theorists are guilty of this type of theorising. They attempt to explain 

the behaviour of the cognitive system by attributing it with distinctly human properties. 

Explanations that exhibit this trait, such as those derived from network theory, therefore 

add nothing of value to understanding in psychology. 

Furthermore, in both Chapters Two and Three it was proposed that an explanatory 

system that contains any process or entity that exhibits "intelligent" attributes such as the 

ability to perceive, understand and determine meaning, will also be caught in an explanatory 

regress. Such an entity or process is a true homunculus, exhibiting behaviour and experiential 

phenomena that demand further explanation (Chapter 3, pp.6-7). In the context of network 

theory the search, appraisal, evaluation and elaboration processes are all required to 

perform meaning-based judgements and are therefore instances of homunculi. The network 

explanations and theory that contain these processes must therefore suffer from the infinite 

explanatory regress outlined in Chapters Two and Three and will thus be devoid of true 

explanatory content. 

Processes of meaning analysis apparently underlie all network-based explanation. The 

analysis of meaning is therefore the primary causal and explanatory principle within the 

network approach. As was argued fully in Chapter Three, any form of theory reliant upon the 

assessment of meaning as the primary causal construct will suffer from unavoidable logical 

problems. It was shown that meaning is not inherent in any object or event, and the "meaning" 

attributed to any such event is simply a conscious experience of the perceiver. The fact that 

meaning is simply an experience of the individual implies that meaning is essentially an 

arbitrary construct. Any theory based upon the causal effects of the analysis of meaning is 

therefore based upon arbitrary causality and is consequently devoid of explanatory value 

(Chapter 3, pp.5-6). Explanatory network theory relies upon the causal influence of meaning, 

and is therefore without significant explanatory content. 

As predicted then, network theory suffers from the traditional types of problems that 

have plagued all forms of cognitive theorising. Network theorists seek to explain 

psychological phenomena in terms of systems and processes that must exhibit distinctly 

human traits, such as knowing, perceiving, awareness, consciousness, deciding and testing. The 

reliance of the semantic network approach upon such meaning and knowledge-based constructs 

leads to the development of theory based upon arbitrary causality, and makes the creation of 

an infinite explanatory regress unavoidable. 
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Activation in an Associative Mental Network -The Plausible Aspect of 
Network Theory 

There are however aspects of semantic network theory that retain some plausibility. These 

are the fundamental features of standard network theory that have been shown to play only a 

minor role in network accounts of specific phenomena. The concept of spreading activation in 
an associative network is central to standard network theory, and is both neurally and 

theoretically plausible. The behaviour of activation in the network is likened to the flow of 

current in an electrical circuit, and to the action of water flowing in a network of pipes. These 

analogies help present activation as a mindless, automatic energy form that spreads 

unconditionally in the mental network according to the existing patterns of associations. As it 

ebbs and flows, activation is hypothesised to cause mental events such as conscious awareness 

and thought. The idea of spreading activation within an associative network is thus 

presented as a purely mechanical and automatic process that, by its very occurrence, can 

account for complex mental activity. 

It is thus implied that network theory constitutes a cognitive account of psychological 

phenomena that successfully avoids the need for "intelligent" causal processes or homunculi 

as part of the hypothesised explanatory system. The network approach gains considerable 

"face validity" from this implication as it is possible that such an approach may avoid the 

traditional problems that plague other examples of cognitive theory. In reality of course, 

explanatory theory that is apparently derived from the standard network model constantly 

refers to the primary causal role of various "intelligent" processes or homunculi, while the 

notion of spreading activation performs only a minor explanatory function. 

Nevertheless, the original idea of activation energy spreading throughout an 

associative network, as described by the electrical or hydraulic analogies, remains 

theoretically plausible. Such a model can successfully account for perception, behaviour and 

the flow of "thought". For example, in network theory, perception is proposed to occur when a 

particular node or set of nodes is raised over a threshold level of activation. In terms of the 

"mindless" network, a similar effect could occur when energy from the firing of sensory 

receptors flows through the associative network and converges upon one or more "nodes" in 

memory. The level of activation (or rate of neural firing) at these points of intersection would 

be raised considerably. "Nodes" in this type of network are however nothing more than neural 

junctions, and have no inherent meaning. Whatever "meaning" or "perception" is experienced 

by the individual simply reflects the overall pattern of "firing" or activation in the mental 

(neural) network (see Chapter Two). 

Viewing the network in this manner enables mental causality to be described purely in 

terms of activation and association. Links are not labelled and nodes do not have inherent 

meaning that must be recognised by some intelligent process outside the network. Any 

"meaning" attributed to a junction or "node" will therefore be defined by the associations 

leading to it (stimuli) and leading from it (responses) in any particular situation. This notion 

of spreading activation in a meaningless network is of course equivalent to the concept of 

stimulus-response mediation proposed as part of the behavioural synthesis in Chapter Two. 

The plausible aspects of network theory are thus components of existing behavioural 
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theory. It is only with the reintroduction of the cognitive assumptions of mental 

representation and semantic analysis that network theory loses credibility. 

Tentative Conclusions Regarding Modern Cognitive Theory 

It was argued in Chapter Three that all cognitive theory relies on causal knowing, believing 

and meaning. If a theory does not rely upon these causal factors, then it is not cognitive. It was 

further argued that any theoretical approach in psychology that is reliant upon the causal 

influence of such meaning-based constructs will suffer from the infinite explanatory regress 

first outlined in Chapter Two. If an explanatory system is required to make "meaningful" 

decisions, some form of homunculus will always be present. 

The present chapter has shown that network theory exemplifies this type of flawed 

cognitive theorising - network explanations are based upon the meaning analysis performed 

by unexplained processes. At the very least then, it can be concluded that network theory 

alone explains little of interest. Network theory does not explain the critical causal 

components of its explanatory system, and as was argued in Chapter Three, cognitivists are in 

no position to simply leave such fundamental causal mechanisms unexplained. 

Furthermore, if the points made in Chapter Three are accepted, it is possible to conclude 

from the arguments presented above that the behaviour of the "intelligent" processes 

hypothesised in network theory can in fact never be adequately explained. The reliance of 

network theory on cognitive assumptions regarding the causal role of meaning initiates an 

infinite explanatory regress. The occurrence of such a regress automatically precludes the 

development of adequate explanatory theory. Such a conclusion provides good support for the 

more general claim that modern cognitive theories, as exemplified by the semantic network 

approach, exhibit the traditional problems of cognitive psychology - problems that are 

avoided in behavioural theories. 

While the evidence presented in this chapter supports such a claim, the argument 

against the plausibility of cognitive theory is by no means complete. Some cognitive theorists 

have acknowledged the fact that their theories rely upon unexplained and apparently 

intelligent processes. For example, Bower and Cohen (1982) realise the inability of standard 

network theory to account for the appraisal process that leads to the onset of an emotion. 

Similarly Anderson (1983) accepts that earlier cognitive models of memory, such as HAM 

(Anderson and Bower, 1973) were "incomplete" because of their reliance upon the operations of 

processes existing in an unexplained procedural system. These theorists have consequently 

produced cognitive theories that are proposed to satisfactorily account for the "intelligent" 

aspects of human behaviour and cognition - the pieces of the explanatory picture left blank 

within standard network theory. Such theories are intended to finally banish the homunculus 

and the problem of the infinite explanatory regress from cognitive psychology. Conclusions 

regarding the inadequacy of modern cognitive psychology must therefore remain tentative 

until these attempts to rectify the problems of the cognitive paradigm are examined. The 

following chapter is intended to provide such an examination. Attention will focus upon the 

most influential instance of modern cognitive theory that addresses the issue of meaning

based causality. Anderson (1983) presents a complete model of cognitive functioning based 
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upon the notion of "production systems" in which he claims to rid cognitive psychology of the 

problem of the homunculus (Anderson, 1983, p. x). The ensuing chapter provides a critical 

analysis of his model with regard to this claim. 
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CHAPTER 5 
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Cognition 

Cognitivists claim that production system theories of cognitive functioning can be seen as 

attempts to remedy the inadequacies apparent in the cognitive theories discussed in the 

previous chapter. The present discussion is intended to summarise and then evaluate the 

success of production system models in achieving this aim. 

This chapter will deal primarily with the ACT* (Adaptive Control of Thought) 

production system theory proposed by Anderson (1983). Following a general introduction to the 

concept of production systems, the critical components of the ACT* model will be outlined. The 

discussion will then focus upon the aspects of this model that have been added in order to 

remedy the inadequacies apparent in network theory. Special attention will thus be paid to 

the processes within production system explanations that are proposed to account for 

distinctly "cognitive" causal events such as decision-making, testing and meaning analysis. 

The causal processes outlined in production system theory will be examined in order to 

determine their explanatory plausibility. In the context of this thesis, this examination is 

intended to determine whether production system theory, as an example of modern cognitive 

theory, can in fact avoid the logical problems that have traditionally plagued the cognitive 

paradigm and that remain apparent in other examples of modern cognitive theorising 

(Chapters 3 and 4). This chapter is also intended to show that various aspects of production 

system models can be interpreted as exemplifying not only the cognitive but also the 

behavioural approach to theory development. 

Production systems have been developed largely through the use of computer simulation 

and modelling. Much of their credibility is gained through the fact that such systems, which 

apparently perform complex cognitive processing, can be implemented on a standard serial 



124 

computer This is an example of the common reliance of modern cognitive theories on either 

some form of computer analogy or simulation evidence. The fact that successful computer 

simulation provides no substantial support for a proposed model of mental functioning has 

been shown in Chapter 3. The opportunity will be taken in this chapter to deal more generally 

with the computer metaphor, and it will be shown that the operation of the computer is in 

fact more analogous to a behavioural rather than a cognitive view of mental functioning. 

Production Systems 

An overall "feel" for production system theory can be gained from the following extract from 

Anderson (1983): 

"underlying human cognition is a set of condition-action pairs 
called productions. The condition specifies some data patterns, 
and if the elements matching these patterns are in working 
memory, then the production can apply. The action specifies 
what to do in that state. The basic action is to add new data 
elements to working memory. Informally stated, a typical 
production rule might be: 

IF personl is the father of person2 
and person2 is the father of person3 
THEN personl is the grandfather of person3 

This production would apply if Fred is the father of Bill and 
Bill is the father of Tom were active in working memory. It 
would make the inference Fred is the grandfather of Tom and 
deposit this fact in working memory." (pp. 5-6) 

Production system theories of cognition therefore assume that there is a set of IF-THEN 

statements or rules called "productions" that are stored in the brain (in production memory). 

The decision as to which rule should be applied in any given situation is determined by the 

matching of the contents of working memory to the condition or 'IF' part of these stored 

productions. The contents of working memory at any given moment are composed of mental 

representations of what is being perceived, thought, and what has been recalled from long

term or declarative memory. If the conditions specified in a particular production can be 

matched to the contents of working memory, then this production will 'fire' and the action or 

'THEN' component of the production will be executed. 

The actions of productions correspond to the occurrence of all cognitive events, such as 

perception, thought, learning and the initiation of behaviour. The complete process of 

production application, involving matching of production conditions followed by the execution 

of the specified actions, is thus the process that is proposed to cause all behaviour and mental 

activity. 
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Production system theory therefore has the potential to remedy the inadequacies of the 

type of cognitive theory discussed in the previous chapter. Network-based theories were 

judged to be inadequate because of their reliance upon the critical causal action of various 

cognitive processes that remained unexplained. Production systems can be seen as an extension 

of this type of theory, retaining the notions of stored knowledge (perhaps in the form of a 

semantic network) and a currently accessible and relevant pool of information (working 

memory), but with the much-needed addition of productions and production memory in order 

to explain the nature of the causal aspects of cognitive processing. The application of 

productions thus provides the cognitivist with possible means by which he or she can explain 

how the apparently causal processes of meaning analysis, testing and decision-making can be 

implemented in a plausible manner. As will become obvious in the following discussion, 

production system models do not provide the cognitivist with a tenable cognitive theory of 

mental processing. Depending on how such models are interpreted, they are either examples 

of plausible behavioural theory, or further instances of fundamentally flawed cognitive 

theorising. 

The similarity between production system models and behavioural theories has already 

been noted by various cognitivists (Anderson, 1976; Newell and Simon, 1972; Anderson, 1983). 

For example, Anderson (1983) comments that 

"Production system theories are similar to stimulus-response 
theories in many ways but with important differences that 
remove the computational inadequacies of stimulus-response 
theories. Most notably, the production is very much like the 
stimulus-response bond. One might conceive of production 
systems as 'cognitive' stimulus-response theories, despite the 
contradiction in the connotations of these terms." (p. 6) 

The criticisms of stimulus-response theory proposed by this author (Anderson and Bower, 

1973) have been discussed and rejected in Chapter Two. There it became apparent that 

Anderson and Bower simply failed to understand the true nature of modern behavioural 

theory. Instead they chose to focus upon and criticise a primitive Watsonian form of 

behaviourism, the limitations of which have been apparent to other behaviourists since the 

1930's. Any "important differences" between behavioural and production systems theory 

cannot therefore be attributed to "inadequacies" in the behavioural approach as Anderson 

contends. In fact, it will be shown that if productions are seen as simply descriptions of events 

as opposed to causal rules, there is no substantial difference between the production system 

and behavioural descriptions of stimulus-response mediation. 

It was mentioned earlier that production system theories could be viewed as extensions of 

the network-style theories discussed in Chapter Four. This is especially true of the ACT* 

production system model proposed by Anderson(1983). This particular theory retains the 

ideas of a semantic-network based declarative memory and a form of working memory that 

functions according to the principles of activation and association. Productions, production 

memory and the associated process of production application can therefore be seen as 
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straightforward additions to the type of scheme outlined in the previous chapter. Productions 

are added in order to explain 'how things happen' or how cognitive events are caused in a 

complete model of mental functioning. While the ACr- model may not be the most convincing 

of the production system theories that have been developed, it has certainly been the most 

influential, and forms a natural progression from the semantic-network models discussed 

earlier. For these reasons, attention will now focus specifically upon the ACT* (Adaptive 

Control of Thought) production system model outlined by Anderson(l983). This discussion will 

begin with a brief overview of the critical properties of the structures and processes included 

in the ACT* model. 

ACT* - An Overview 

It is proposed in ACT* that the cognitive system uses two types of knowledge. Declarative 

knowledge, stored in declarative or long-term memory, is a data-base of facts, propositions, 

temporal strings and images that represents an individual's knowledge of or about events, 

objects and concepts. The second type of knowledge is termed "procedural knowledge" and is 

proposed to represent an individual's cognitive and behavioural skills or capabilities. 

Declarative knowledge is thus a person's knowledge about things, while procedural 

knowledge is that individual's knowledge of how to do things or how to perform appropriate 

cognitive actions. Procedural knowledge is generally conceptualised as a set of IF-THEN 

productions, that can be represented (in some manner) in a production memory. 

There are four important memory structures in the ACT* model of cognitive architecture. 

As mentioned above, declarative memory stores declarative or factual knowledge, while 

production memory stores procedural knowledge or skills. The organisation of declarative 

memory is similar to that of the semantic network structure outlined in the preceding chapter. 

The third important cognitive structure is termed working memory, which is defined at any 

one time by the set of currently active and accessible components of declarative memory. The 

processes of recall from declarative memory, perception and production application all add to 

the contents of working memory. The final major structural component of ACT* is called the 

goal structure, and stores in some logical order the goals to which the cognitive system must 

attend. Part of the goal structure, including the current goal, will always be an active 

component of working memory. 

The knowledge (procedural or declarative) or information resident in these cognitive 

structures and in the environment, is accessed, updated, utilised and applied by the action of 

six cognitive processes. These processes are retrieval, storage, encoding or perception, goal 

setting, pattern matching and production execution. These last two processes can be combined 

and referred to simply as the process of production application. The six processes listed here 

are the causal components of the ACT* model. Thus, if these processes were of similar 
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theoretical status to the cognitive processes examined in Chapter Four, then no theoretical 

advance would have been made. In reality however, these processes all (except storage) rely 

upon production application, involving pattern matching and production execution. It is in the 

process of production application that Anderson claims to finally end the explanatory 

regression. It is proposed that the task of choosing an appropriate production occurs through 

automatic pattern matching, and the execution of the active component of the chosen 

production is hypothesised to follow the successful matching just as a stimulus is followed by a 

response. Figure 5.1 shows the pattern of interdependencies between these six processes. 

[ GOAL 
SETTING l RE1RIEVAL 

PERCEPTION 
(encoding) 

I 
[ MATCHING l [ EXECUTION l 

PRODUCTION 
APPLICATION 

[ STORAGE ) 

Figure 5.1. The interdependencies of the processes involved in the ACT* model of human 
cognition (Anderson, 1983). All of the hypothesised processes, with the exception of the 
storage process, rely upon the application of productions stored in production memory. The 
storage process is described purely in terms of probability, and any mechanisms involved are 
left unexplained. Production application involves the successful matching of available 
information (in working memory) to the conditions of a production, and the subsequent 
execution of that production's actions. 

Automatic production application is thus seen by Anderson as the means by which the 

homunculus can be removed from cognitive theory. He claims that 

"In a production system the choice of what to do next is made 
in the choice of what production to execute next .... Thus 
production systems have finally succeeded in banishing the 
homunculus from psychology." (pp. ix-x) 

Overall then, there are four structures that hold either of two knowledge types, and 

which are worked upon by six distinct processes. Figure 5.2 shows the architecture of the 

ACT* model. 
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Figure 5.2. A schematic representation of the key structures and processes in the ACT* model 
of cognitive architecture (Anderson, 1983). Both declarative and working memory structures 
contain propositional, pictorial or string representations of information. Production memory 
contains procedural knowledge, or knowledge about how to perform appropriate actions, in 
the form of IF <condition> THEN <action> productions. Temporary declarative 
representations can be put into working memory by retrieval from declarative memory 
(retrieval process), by the action of a production (execution), or by the perception (encoding) of 
an environmental stimulus. These temporary representations are stored permanently in 
declarative memory with a probability (P) by the storage process. The contents of working 
memory function as data to be matched (matching process) to the criteria of application or 
conditions of productions. Included in this data is the current goal which is the most accessible 
member of the list of goals stored in the goal structure. The process of production application 
(production matching and execution) underlies all of the processes shown here with the 
exception of the storage process. Production application is thus hypothesised to produce all 
major cognitive events. 

In the remainder of the overview of ACT* the key structures and processes illustrated here 

will be described in more detail. 
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The Structures of ACT* 

Declarative Memory 

In ACT*, the term "declarative memory" refers to the permanent or long-term store of 

declarative knowledge (facts, images and temporal strings). ACT* assumes that the 

declarative form of memory is separate and distinct from the procedural memory component. 

Declarative memory provides a source of information upon which the active procedural 

component of the system can work. It must be noted however, that the declarative memory 

structure is not the only source of data available to procedural or production memory. 

Perceptual processing and the actions of procedural memory itself can also provide 

information for the ongoing cognitive processing. 

It is also worthwhile noting that not all production system models contain a separate 

declarative component. Newell (1973) proposed a production system architecture that 

achieved the effect of declarative memory by having productions that would 'fire' and 

deposit temporary representations of declarative information into working memory. Thus, for 

Newell, there was only procedural memory. Anderson, however, chooses to hypothesise two 

distinct memory types for reasons of efficiency, and to reconcile his model with empirical 

findings. 

There are few organisational or functional differences between the declarative memory 
I 

structures of ACT* and those presented in network theory. Declarative memory in ACT* is 

divided into chunks or cognitive units made up of five or fewer primitive elements. A 

cognitive unit is represented by a unit node that connects the constituent elements of that 

cognitive unit. A unit node is therefore equivalent to what was referred to as a proposition 

node in network theory, and an element (node) corresponds to the network notion of a 

primitive idea or concept (node). 

Just as in network theory, these cognitive units can be organised hierarchically, in order 

to produce complex memory representations. In contrast to the ideas of standard network 

theory, however, it is proposed in ACT* that there are three representational types in 

declarative memory - temporal strings, spatial images and abstract propositional 
representations. These representational types can be inter-connected to form 'tangled 

hierarchies' of associated declarative information. Anderson adds the image and string types 

to the abstract propositional representation used in network theory for reasons of efficiency. 

There are however no significant functional or organisational differences arising from the use 

of three representational types as opposed to the single traditional abstract propositional 

representation. This is because all cognitive units, regardless of the type, are treated in 

exactly the same way by the processes that manipulate memory data. These processes are 

'blind' to the contents of the cognitive units they deal with, and these cognitive units are 

stored or retrieved in an all-or-none manner. For example, an abstract proposition or a spatial 

image will be retrieved and stored as a complete unit. Also, activation spreads through the 

network in ACT* in much the same way as it would in standard network theory. 

Anderson(1983) states that 



"For the purposes of understanding spread of activation, we 
can think of long-term memory as a network of nodes, with no 
distinction between unit nodes and element nodes."(pp.91-92) 
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Activation therefore spreads indiscriminately among all types of long-term memory nodes, as 

is the case in a traditional semantic network. 

Perhaps the only significant change from the network theory ideas of spreading 

activation involves the use of node strength in ACT*. It is proposed in the ACT* model that 

both primitive element nodes and cognitive unit nodes accrue strength with use. The amount of 

activation a node can support is proportional to its current strength. The strength of an 

association between two nodes is determined according to the strengths of those nodes. Thus, 

node strength, rather than link strength is primitive in ACT*. 

Overall, then, the structure and functioning of declarative memory in ACT* is analogous to 

that of a standard semantic network. The introduction of multi-representational types has no 

real significance with regard to cognitive functioning. The concept of spreading activation 

also remains basically unchanged. The only substantial functional change is the introduction 

of all-or-none processing of cognitive units. 

Working Memory 

Working memory consists of pieces of declarative knowledge that are currently active and 

thus accessible. The structures that are in working memory are either cognitive units that 

have been retrieved from long-term memory or new representations that have been built as 

the individual "makes sense of" events in terms of his or her existing knowledge. All 

structures in working memory must therefore be composed of primitive representational 

elements, such as concept nodes, that are already resident in declarative memory (i.e, existing 

knowledge). This does not however imply that working memory is merely the subset of the 

structures stored in declarative memory that is currently active. It is possible to have 'novel' 

ideas resident in working memory, the form of which does not correspond to any existing long

term memory structure. Structures in working memory must be made up of activated long-term 

memory nodes, but these nodes can be linked in novel ways. 

Novel or existing declarative structures can enter working memory (i.e, gain activation) 

from (1) activation spreading throughout declarative memory from already active memory 

structures, (2) the perception of environmental stimuli, or (3) the action of creative productions 

which construct and then deposit new declarative structures into working memory. Both the 

perception of environmental stimuli, culminating in the direct activation of a declarative 

memory node, and the creation of new declarative knowledge occurs through the actions of 

productions. 

In the ACT* framework, working memory has no fixed size limit. A large amount of 

material can be active at any one time, but much of it will fade rapidly. The only items in 

working memory that will not be quickly lost are environmental stimuli currently being sensed 

and perceived, and the current goal element. Both perception and goals will be discussed 

later. Anderson no longer sees working memory as equivalent to the notion of consciousness, 

preferring to gain the flexibility of a structure that is free of attentional limits. 
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The primary role of the working memory construct is to act as the interface between the 

declarative and procedural components of the ACT* system. Working memory defines the 

information that is active and available to be matched to productions. Only active material 

can be matched to the criteria of application, or conditions of the production represented in 

production memory. Productions that are matched to the contents of working memory and 

hence executed, may of course act to alter the subsequent contents of working memory. The new 

state of working memory would then be matched to some other appropriate production which 

would then be executed, and so on. Figure 5.3 illustrates the position of working memory 

relative to the processes and studies mentioned above. 
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Figure 5.3 The processes that alter or refer to the contents of working memory. Structures enter 
working memory when they become active. The process of perception directly activates 
declarative memory nodes, while the process of production application can add new 
declarative knowledge structures to working memory. Activation spreading from directly 
activated nodes can add (retrieve) further information to working memory. The process of 
production application works upon such active structures. Perception is based upon the 
principle of production application, but some of the data that is processed originates directly 
from sensory stimuli rather than working memory. 

Note that working memory forms a key component of a continuous cycle of production 

application. Both stored declarative knowledge (in declarative memory) and perception 

influence this process according to their role in the selection of the material that will be 

active in working memory at any given time. 

Productions and Production Memory 

The nature of productions, and their representation in production memory will be described 

below. The actual behaviour of production memory in carrying out the task of matching data 

structures in working memory to production conditions will be described in a later section. 
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Productions 

As mentioned earlier, productions are IF-THEN statements that describe the actions that are 

appropriate under a certain set of conditions. According to the ACT* model, the application of 

such productions leads to all forms of cognitive and behavioural activity. Productions are 
proposed to form the necessary link between declarative knowledge and behaviour that is 
missing in many cognitive theories. An individual's set of productions or skills is stored in 
production memory. Productions in ACT* contain variable slots, which are positions in the 

condition or action clauses that can take different values in different situations. A typical 
production would thus be of the form 

IF< condition 1> and< condition 2> 
THEN <actionl> <action2> 

The inclusion of variables in productions allows a more general application of productions 
across various situations - a single production can be applied to a wider range of working 

memory data conditions. Also, variable slots allow for "multiple instantiations" in the 
pattern matching process. The role of multiple instantiations will be discussed in a later 

section. 
If the data elements matching the condition (IF) clause of a production are in working 

memory then the production can be applied and the specified actions will follow. A 
production is thus very much like a description of a stimulus-response bond, specifying the 

stimulus conditions under which certain responses will be produced. Productions, like nodes in 
declarative memory, have strengths associated with them. A production's strength is 
proportional to the extent of its application and the degree of its success in achieving the 
current goal. 

Production Memory 

Productions are proposed to be the fundamental units of procedural knowledge. They are not 
however, stored or applied in their written (IF-THEN) form. Productions are instead 
represented in production memory in the form of a pattern or data-flow network. Such a 

network accepts/matches available declarative information at one end, and this information 
'flows through' various levels of tests until the representative of a single ( and most 

appropriate) production is chosen to be executed. The data-flow network corresponding to the 
application of a single production is in the form of a decision-hierarchy or decision tree. Such 

a 'tree' begins with many specific pieces of declarative information at the lowest level and 
each subsequent level makes progressively more specific tests of the input data. This process 
occurs in parallel for all potentially relevant productions and will result in the selection of 
the most appropriate production. 

The pattern network is made up of levels of associated pattern nodes. At the lowest level 
of the testing hierarchy, the network is founded upon a set of terminal nodes corresponding to 
individual clauses in production conditions. For example, the production 

IF L Vaction is dangerous 
and LVperson is me 
THEN ... 
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would be represented at the lowest level by two terminal nodes corresponding to the condition 

"L V action is dangerous" and the condition "L V person is me". These terminal nodes are at the 

interface between declarative knowledge (contents of working memory) and procedural 

knowledge (the data-flow network). The exact nature of this interface is however unclear. 

Anderson (1983) first suggests that the terminal nodes "look at" declarative memory in order 

to find a match. He states that the terminal nodes 

"perform tests to find clauses in declarative memory that 
match them" (p.110) 

However he also implies some association or link already exists between declarative memory 

structures and the terminal nodes that match these structures: 

"The propositions in declarative memory are connected to the 
proposition terminal node in production memory." (p.110) 

This implies that the relevance of an active data structure to a particular terminal node may 

be ascertained without the need for a testing or matching process. It will already be connected 

to the appropriate terminal node. As will be shown, the process of pattern matching is 

hypothesised to rely upon both the outcome of tests at pattern nodes and the amount of 

activation inherited from the active structures in declarative memory. This implies that 

terminal nodes must both perform tests and be connected to declarative memory structures. 

Some physical connection is required in order for the activation of the structure in working 

memory to be passed on to (spread to) the pattern network. 

Pattern nodes at higher levels of the data-flow network combine and test the 

information that is fed to them from associated nodes lower in the hierarchy. The outcome of 

tests and events lower in the network is reflected in the level of activation at a pattern node. 

Spreading activation is the means by which events in declarative memory and at other levels 

of the network can influence the behaviour of other associated pattern nodes. It is possible for 

activation to spread in a "top-down" or ''bottom-up" manner through the network. Unlike 

activation in declarative memory, activation in production memory can be either facilitatory 

(positive) or inhibitory (negative).As will be shown, inhibition is introduced in order to 

enable forced choices between competing productions. Along with the notion of activation 

comes the idea of 'activation thresholds' or the 'firing' of a node once a certain level of 

activation is achieved. In the pattern network, the 'firing' of a top-level pattern node is 

equivalent to the successful matching of that production. The associated actions of that 

production will then be executed. 

Pattern nodes (non-terminal nodes) can be of two types. The most common type is the 

positive two-input node. This form of node tests for a positive match between the data (the 

two-input variable instantiations) that feed in to it from below. The second variety of pattern 

node is called a negative one-input node. This type of node receives input and activation from 

only one source, and represents a negative test outcome or inequality in the match. If, for 

example, a test must be made for "variable 1 not equal to variable 2", a negative one-input 

node would be set up to represent the presence of such a situation. Negative one-input nodes 

may represent the presence of such a situation, but they do not however explicitly test for such 
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an inequality. These nodes are always paired with a dummy positive two-input node that 

explicitly tests for the opposite condition, which is a successful match between the input 

data. In the example above a dummy node would test for "variable 1 equal to variable two". 

The negative one-input node and the dummy positive two-input node are linked together by 

an inhibitory connection and compete (via lateral inhibition) for activation. The negative 

one-input node automatically achieves activation and unless the positive dummy node can 

gain enough "evidence" to the contrary (from test outcomes and spreading activation) the 

negative one-input node will win by default. This situation will be discussed fully in the 

section dealing with the process of pattern-matching. 

The data-flow network is intended to represent productions that contain variables or 

variable slots. In order to be able to do this, nodes within the pattern network must also have 

variable slots that can be filled with different values in different situations. All productions 

are stored in one large data-flow network. This allows productions that share common 

condition clauses to share terminal and pattern nodes in the network. 

Overall, then, productions are represented in a data-flow or decision-making network. 

At the lowest level of this decision-making tree are terminals that are matched against the 

contents of working memory. Activation from this process flows through associated pattern 

nodes at various levels in the decision-making hierarchy, causing these nodes to perform 

specific tests of the data that they are given. At the top-most level are pattern nodes that 

represent the successful matching and testing of complete productions. The activation (above 

threshold) of these nodes initiates the execution of the associated production actions. 

Goals and the Goal Structure ,, 

The current focus of attention in the ACT" model is determined by the current goal - which is a 

unit of declarative knowledge that remains active until it is explicitly removed or replaced. 

Goals function as the focus of attention because a production must match the current goal in 

order to be executed. The removal or replacement of a goal is achieved through the actions of 

productions that check whether the conditions necessary for the satisfaction of the goal have 

been or cannot be obtained. 

The ACT* system can store a series of goals in a goal structure. This enables large tasks to 

be accomplished as a series of subtasks, each of which is directed by a subgoal. The goal 

structure therefore organises goals stored within it in a hierarchical and logical pattern. The 

setting of a goal at one level may cause a series of subgoals to be set at a level below in the 

logical goal tree. The fact that the goals can be ordered hierarchically also allows for "goal 

recursion", where a goal can be set as a subgoal of itself at another level. The current goal, 

which is always active in working memory, is the goal that was last set. The goal structure 

therefore functions according to LIFO or 'last-in-first-out' logic, and is implemented as a 

"stack". 

It was mentioned earlier that goals are set or removed by the application of productions. 

The presence of a storage structure for goals means that the current goal can be replaced by the 

action of a production which sets a new immediate goal. The old goal will of course remain in 
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the goal structure, and will become the current goal once those goals added after it are 

removed. Anderson (1983) claims that 

"The goal structure is a data structure in working memory, no 
different from other memory structures."(p. 161) 

This is obviously not the case. The goal structure and the goals that make up that structure are 

functionally different from other declarative memory structures. The current goal is a constant 

source of activation, whereas activation in other declarative memory structures fades 

rapidly. Also the current goal is tagged as being essential for a successful pattern match. ACT* 

supports partial matching in the case of other declarative memory structures. 

Anderson uses goals in ACT* in order to account for the apparent coherence, intentionality 

or 'goal-directedness' in human cognition. Goals in ACT* thus provide a top-down influence on 

the process of production application. This is in contrast with the reliance of product selection 

on the nature of available data, which is of course the bottom-up or data-driven feature of 

the ACT* system. 

The Processes of ACT* 

Having outlined the attributes of the four major structures in the ACT* model, it is now 

possible to examine the processes that utilise the contents of these information stores. 

Storage 

As illustrated in Figure 5.2, the storage process in ACT* is responsible for the transfer of 

information from working memory to declarative memory. The storage process thus creates 

permanent representations or "traces" in declarative memory of temporary structures resident 

in working memory. If a permanent declarative representation of the temporary structures 

already exists, then the storage process may increase the strength of the corresponding items 

in declarative memory. This process operates on complete cognitive units, and that functions in 

the same manner for all representational types. 

The behaviour of the storage mechanism is modelled in a probabilistic manner. 

Anderson(1983) states that 

"there is a probability P that a copy of it [ a temporary 
structure in working memory] will be created in declarative 
long-term memory."(p.30; square brackets added) 

The use of a fixed probability function for long-term storage is used in order to fit with 

empirical findings. Beyond this statement recognising probability, the nature of the storage 

mechanism is not discussed. 
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Goal Setting 

Anderson (1983) does not specifically refer to a 'goal-setting' process in his description of the 

ACT* system. Such a process is nevertheless present, and has a status equivalent to that of the 

retrieval or encoding processes which receive explicit recognition. The process of goal-setting 

is responsible for the movement of information in and out of the goal structure. As is the case 

with the encoding (perception) and retrieval processes, goal-setting is based upon the process 

of production application. Certain productions monitor the contents of working memory which 

contains recently perceived and recalled information. If certain data conditions prevail, one of 

these productions will 'fire' and will act to set a relevant goal. An example of such a 

production may be 

IF the goal is to write a thesis 
and Chapter 1 is complete 
THEN set the (sub )goal to write Chapter 2. 

The action of such a production is therefore to add a new goal to the goal structure. The most 

recently added goal will be the current goal (LIFO - last-in-first-out logic of goal structure) 

and will be a constant source of activation in working memory. By the process of production 

application, new data entering working memory is therefore able to change the current goal 

(by adding a new goal) regardless of whether the previous current goal has been achieved. 

Productions also monitor the contents of working memory to see if the current goal has 

been achieved, or to determine if it is unable to be satisfied. The action of such productions is 

to remove that goal from the goal structure. As mentioned earlier, goal-setting relies upon the 

fundamental process of production application. The nature of this process will be discussed 

later in the chapter. 

Encoding or Perception 

The encoding process in ACT* is the perceptual mechanism that is proposed to deposit 

incoming environmental information (stimuli) into working memory. Along with the 

"performance" process which initiates behaviour, encoding is intended to provide the link 

between the cognitive system (modelled by ACT*) and the outside world. Anderson(1983), 

however, states that 

''These two processes [encoding and performance] are not 
central to ACT* theory, unlike the other processes."(p.20) 

The ACT* model does not therefore provide a specific and full description of the encoding 

process. This is in spite of the fact that the phenomenon of encoding or perception is a central 

component in the ACT* explanation of many major cognitive phenomena, including fact 

retrieval, priming and learning. It is not however surprising that Anderson avoids the task of 

providing a satisfactory account of the encoding process, given that such a process must deal 

with realistic and ambiguous environmental information. Problems must arise for the 

cognitivist in this situation, where the interpretation of environmental stimuli is necessary in 
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order to abstract some 'meaningful' features, units or symbols upon which the cognitive system 

can then operate. The ACT* model therefore focuses primarily upon the processes internal to 

the cognitive system, which deal only with symbols that are defined and recognised 

syntactically. Unlike the encoding process, which is required to make semantic sense of the 

world, the internal processes of ACT* deal with information only in terms of its pattern or 

form, rather than its meaning. The ramifications of this will be discussed at a later stage. 

Perception or encoding is proposed to be a source of direct activation for elements in 

declarative memory. The end result of the encoding process is the activation of those long

term memory nodes that can be linked to represent the perceived environmental situation. 

Anderson describes the direct activation of declarative structures in the following manner: 

"There are three ways in which an element [in declarative 
memory] can become a source of activation in working memory. 
First, an element that encodes [represents] an environmental 
stimulus will become a source. For example, if a word is 
presented, its memory representation [node in declarative 
memory] will be activated [Method 1]. Second, when a 
production executes, its actions build [new working memory] 
structures that become sources of activation [Method 2) . ... 

To illustrate the first and second ways, consider someone 
reading and recognising the sentence In the winery the firemen 
snored. At a low level of processing [not mentioned above], the 
encodings of individual letter strokes (features) would appear 
as active entities in working memory [Method1,part 1). At a 
second level, letter- and word-recognition productions would 
recognise patterns of these features as words and deposit in 
working memory active encodings of their interpretations ... 
[Method1, part 2]. At this level a perceptual interpretation of 
an event is being produced by a production action. After the 
second level, productions would recognise the sentence encoding 
and deposit an active representation of the response code [new 
declarative structure] in working memory [Method 2]. 

The elements entered into working memory (letter features, 
words and so on all start out as a process of activation."(pp. 89-
90; square brackets and emphasis added) 

Figure 5.4 illustrates the various processes described in this extract. 

Here Anderson outlines all of the stages of cognitive processing (labelled 1 to 3 in Fig. 5.4) 

required to elicit an appropriate cognitive response in the presence of particular 

environmental stimuli. The first two stages mentioned (labelled 1 and 2 in Fig. 5.4, and 

Method 1, parts 1 and 2 in the preceding extract) are components of the encoding process. 

Perception in terms of the ACT* model is thus a two-stage process. Perception first involves 

the abstraction of "features" from environmental stimuli, which are then deposited into 

working memory. Not surprisingly, the method by which this perceptual act is achieved is 

not explained. This is the stage which involves direct contact with, and interpretation of, the 

environment. Somehow, physical sensory stimuli must be analysed and segmented into 

semantic representational features or symbols that can be subsequently manipulated by the 

cognitive system. Whether the "feature" to be recognised is something as 'simple' as a line, or 

as complex as a sentence, an emotion, an implication or any other unit, in the context of a 

(cognitive) semantic-based system such a feature must be identified in terms of its meaning. 
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All examples of feature extraction in a cognitive system therefore involve the same form of 

meaning-based processing. It was argued in Chapter Three that theories based upon the 

analysis of meaning cannot avoid problems of the homunculus and infinite regress. Anderson 

claims that ACT* is a cognitive, meaning-based model which avoids such problems. It is 

apparent however that in the context of perception he has not shown this to be the case. In a 

manner equivalent to the network theorists discussed in the preceding chapter, Anderson 

refers to a key process of meaning-analysis that is left unexplained. 
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Figure 5.4. The stages of cognitive processing in ACT* proposed to account for the elicitation of 
an appropriate cognitive action in response to the presence of particular environmental 
stimuli. Perceptual "features" are deposited in working memory by some unexplained process 
(1). The application of productions is then used to identify semantic units from groups of these 
features (2). Productions activate the memory representatives of these units. The combination 
of these two processes forms the ACT* account of encoding or perception. The third process 
illustrated here (3) takes the structures deposited in working memory by the perceptual 
processes and determines an appropriate cognitive response. 

Assuming for the moment however that somehow "features" representing environmental 

stimuli find their way into working memory, the second stage of the encoding process 

(labelled 2 in Fig. 5.4, and Method 1 part 2 in the preceding extract) is simply an instance of 

production application. Anderson states that 

"One can model perceptual recognition by productions in which 
the conditions to be matched have descriptions of the patterns, 
and the production actions involve labelling the perceived 
object." (p.30) 

Anderson cites an example of a perceptual production in the context of letter recognition. 

"IF a position contains two vertical lines, Vl and V2, 
and two horizontal lines, Hl and H2, 
and the top of Vl is connected to the left of Hl, 

THEN the object is an A."(p.31) 
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Such a production works upon line segments deposited in working memory by the initial stage 

of the perceptual process. 

The perceptual features in working memory are matched to the conditions of perceptual 

productions. If a successful match is achieved, then the production will 'fire' and the action of 

the production will presumably activate the appropriate declarative memory representation 

of the perceived object. Exactly how the firing of a production leads to the activation of a 

declarative memory structure is never explained. It is perhaps possible that a physical 

connection may exist between the top pattern node of a perceptual production and the 

appropriate declarative memory element or structure. 

The process of production application that follows the recognition of perceptual elements 

(in Fig. 5.4 labelled #3 and in the extract from Anderson labelled Method 2) is not classed as a 

perceptual process. It is instead the process by which the cognitive system determines an 

appropriate cognitive response to the perceived situation. The response is likely to involve 

the construction of a new, temporary declarative structure which will be deposited in working 

memory. 

In some situations however, Anderson does include some form of creative process as part of 

the overall task of perception or encoding. In a discussion of the fact retrieval paradigm, 

Anderson(1983, p.108) implies that the encoding process (stages 1 and 2 in Figure 5.4) not only 

activates the relevant memory nodes but also combines them as a complete propositional 

structure. In the context of fact retrieval this structure is a memory "probe" which represents 

the perceptual information available to prompt the retrieval of a stored fact. For example, in 

an experimental situation where a memory "probe" of three words is presented as part of a 

recognition task, Anderson proposes that the encoding process will create a declarative 

structure similar to that shown in Figure 5.5. Here the initial encoding process has 'recognised' 

and activated the declarative memory representations of the probe words "BANK", 

"LAWYER" and ''LAUGH" (Method 1 in extract, 1 and 2 in Figure 5.4). 

In addition to this, these words have been linked together to form a complete probe 

structure, represented in Figure 5.5 by the node labelled "probe". Exactly how this probe 

structure is created by the encoding process is not explained. Given that in other contexts 

within ACT*, production application is proposed to be responsible for creating and depositing 

declarative units within working memory, it is likely that the creation of complete 

perceptual structures (made up from perceptual elements) may also be attributed to such a 

process. A creative perceptual production could be of the form: 

IF the goal is to listen and remember the probe, 
and the probe elements are L1, L2, L3 
THEN associate the "probe" node with L1, L2, and L3. 

It is unclear as to how the actions of such a production actually cause the creation of a new 

working memory structure. Also, the use of productions in this manner seems to exemplify a 

policy of "If in doubt, hypothesise a production for it"on the part of cognitive theorist. The 

use of productions can be taken to ridiculous lengths, allowing the theorist to hypothesise a 

"rule" for every situation that is requires explanation. If productions or rules are used in this 

way, the question arises as to their theoretical or explanatory status. In the situation where a 
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new production can be hypothesised to account for every unique situation, productions are 

reduced to a description of a perceived stimulus-response regularity. A similar point regarding 

rules-based theory was made in Chapter Three. 

WORKING 
MEMORY 

PROBE 

DECLARATIVE 
MEMORY 

Figure 5.5. An example of the declarative knowledge structure created in working memory by 
ACT*'s encoding process. The situation pictured here is the memory state after the 
presentation of three "probe" words ('bank', 'lawyer' and 'laugh') in a memory recognition 
task. The 'BANK', 'LAWYER' and 'LAUGH' elements (nodes) in long-term declarative 
memory are activated (denoted by their shading), and then linked together through the 
temporary unit node labelled 'PROBE'. Activation spreads from the element nodes to both the 
'PROBE' node and to associated structures in declarative memory. 

Overall then, there are three possible stages in the process encoding sensory input. First, some 

unexplained process identifies perceptual 'features' in new sensory input and deposits these in 

working memory. Second, perceptual productions identify more molar patterns within the set 

of features currently active in working memory. These productions deposit higher-level 

perceptual units back into working memory. This process of production application will 

continue until all of the elements (nodes) in declarative memory necessary to represent the 

stimulus situation have been activated. Finally, it may be necessary for creative productions 

to take these perceptual elements as input and associate them in some useful manner. The first 

two stages mentioned here define the process of encoding in the ACT* model. The final stage 

involving creative productions is not, however, a nec~ssary component of ACT*'s perceptual 

process. 

Retrieval 

Anderson (1983) uses the term "retrieval" to refer to two separate phenomena in his 

description of the ACT* system. Retrieval is first proposed to be the process responsible for 

making material stored in long-term declarative memory active within working memory (see 

Figure 5.2). In this context, retrieval is thus equivalent to the activation of declarative 

memory. 

Given that the retrieval process is one of activation, it must include some method or 

mechanism for directly assessing and activating long-term memory components. As mentioned 

earlier, elements in declarative memory can be directly activated either by the perceptual 

(encoding) process or by the action of creative productions. The primary source of activation is 
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usually the perceptual or encoding process which functions to activate the long-term memory 

representatives of stimulus events. As was shown in the previous section, this process relies 

primarily upon the matching and execution of productions. 

Once activation has been injected into the declarative network, it will spread from the 

"source" nodes to associated areas of declarative memory. Those units of the memory network 

receiving activation spreading from the various source nodes will also become components of 

working memory. Memory structures most closely (distance) and strongly (strength of links) 

associated with the sources of activation will enter, or 'be retrieved', into working memory 

with proportionately stronger levels of activation energy. Figure 5.6 represents this form of 

retrieval process. 

Creative 
PRODUCTION --- Direct • 

___ AP_P_LI_C_A_TI_O_N_....,/ ___ A_c_ht .... ·v-at-io_n __ / 

PERCEPTION 
(feature identification 

and production 
application) 

Spreading 
Activation 

Elements (active) 
in Working 

Memory 

Figure 5.6. Stages in the ACT* system for retrieval from long-term declarative memory to 
working memory. Retrieval is equivalent to the activation of elements in declarative 
memory. The processes of perception and creative production application lead to the direct 
activation of memory elements. These elements are then "source nodes" of activation in 
declarative memory. Activation will spread from these source nodes to associated areas of 
declarative memory. Source nodes and closely associated areas of declarative memory are 
thus "retrieved" (activated) into working memory. 

Retrieval is thus the activation of structures in declarative memory. Two methods of 

activation may be involved in the retrieval process. First, 'source' nodes in declarative 

memory may be directly activated by either the perceptual/ encoding process, or by the action 

of creative productions. Both of these methods of activation rely upon the process of 

production application. Second, declarative memory may become active and enter working 

memory through the spread of activation from the current set of source nodes. 

An example of this form of retrieval can be seen in Anderson's explanation of priming 

phenomena. The perception of a priming or recall cue will directly activate its declarative 

network representative and activation will spread to associated memory structures. Reaction 

times in memory tasks are assumed to be affected by the current level of activation in the 

relevant declarative units. Priming can thus be seen as the preparatory "retrieval" or 

activation of certain declarative memory units which is proposed to facilitate subsequent 

tests of recall or recognition involving these units. 

The second form of "retrieval" that Anderson refers to in his description of the ACT* 

model is an extension of the first. The term "retrieval" sometimes refers to not only the 

activation of material into working memory but also the testing of this material in order to 
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determine its appropriateness. In the context of fact retrieval, for example, information 

brought into working memory must be tested to see if it is relevant to the current cognitive 

task. In the ACT* model, examining or testing data in working memory is of course carried out 

through the application of productions: 

"Retrieval of a trace [declarative memory unit] in the ACT* 
framework requires that the trace be matched by a production 
or productions that generate the memory report."(p.175; square 
brackets added) 

Figure 5.7 illustrates the steps required to carry out this form of retrieval process. 

Creative 
PRODUCTION ----- Direct ----

___ AP_P_L_I_CA_TI_O_N----.1...-_A_c __ t;_a_ti_on __ / 

PERCEPTION 
(feature identification 

and production 
application) 

Spreading 
Activation 

Elements (active) 
in Working 

Memory 

PRODUCTION 
APPLICATION 
(to determine 

appropriateness) 

t 
RESPONSE 

Figure 5.7. Stages in the ACT* account of task-specific retrieval. The initial stages of this 
process are identical to those outlined in Figure 5.6. Direct and spreading activation bring 
declarative memory structures (and possibly some new temporary structures) into working 
memory. The declarative information in working memory is then matched to productions that 
determine whether this information is relevant to the current cognitive task. The production 
that is finally executed will initiate a response that is appropriate in the context of the 
current task and available information. 

Production Application 

It has already been mentioned that the process of production application is the mechanism in 

the ACT* model that is responsible for the initiation and execution of every significant 

cognitive and behavioural event. Production application is thus the primary causal 

component of the ACT* system. Such a process is hypothesised to be either directly or 

indirectly responsible for such cognitive phenomena as the logical progression of thought, 

decision-making, remembering, planning and the initiation of rational or appropriate 

behaviour. Every process described so far in this chapter (except for the storage process which 
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is not explained at all) depends upon the application of productions. The mechanism of 

production application is best seen as a continuous match-execute cycle, where data in working 

memory is used in a pattern-matching process that determines which set of production actions 

to execute. As the actions of productions are executed, and as the individual encounters and 

perceives different stimulus situations, so the contents of working memory are altered. The 

continuous cycle of pattern-matching and execution of the selected actions therefore works 

upon a continuously changing source of information or input. The fact that the effect of many 

productions is to alter the contents of working memory and hence the input to the pattern

matching aspect of production application, means that the process of production application 

is largely self-determining - output feeds back new input. Anderson claims that such a 

situation successfully models the way in which human thought often "flows" without the 

need for an external stimulus to initiate each cognitive reaction. 

It is possible to split the match-execute cycle and examine its two components separately. 

Little attention is paid in the ACT* model to the mechanism or initiation of the execution 

phase. Execution of the actions specified in productions is proposed to follow automatically 

from the successful matching of that production's conditions. In terms of the data-flow 

network, actions follow the 'firing' of a top pattern node, just as a response is determined by a 

stimulus. Exactly how such actions are initiated by the activation of a pattern node is not 

described. 

The lack of emphasis in the ACT* model upon the execution phase is hardly surprising, 

given that once it is initiated this phase is carried out in a predetermined and essentially 

mindless fashion. It is in the selection of an applicable production that cognitive phenomena 

and explanatory constructs appear. Any 'choice' or 'decision' made by the individual is 

situated in the pattern-matching phase of the match-execute cycle. In the ACT* model, 

cognitive and behavioural events are thus determined by the process of pattern-matching. All 

other cognitive events automatically follow in a stimulus-response manner from this decision

making process. It is therefore upon the pattern-matching process that this discussion will 

focus. 

Anderson(1983) proposes a model of production selection based upon pattern-matching. 

This explanation is in terms of cognitive constructs that are presumed to exist within the brain 

( issues of neural plausibility are important to Anderson, and receive regular attention within 

his description of the ACT* model). The description of the pattern-matching process proposed 

by Anderson is thus in terms of theoretical constructs such as nodes, activation energy, 

semantic networks and representations, perceptions ,stimuli and responses. 

The ACT* model of pattern-matching also reflects the influence of serial computer 

architecture. For example, the idea of determining action according to the equality or 

inequality of certain syntactic patterns is an aspect of the ACT* system that is also 
fundamental to computer functioning. Furthermore, Anderson's model of pattern-matching 

assumes that each node can match a variety of patterns, through the use of "variable slots". 
For example, a node testing the condition: "IF Ll is hit by L2" can be successfully matched by 

any data pattern with two values that are connected by the relation "is hit by".The use of 

variables is traditional in the field of computer science, and adds considerable power to the 

model. The gain in power is however at the expense of psychological, and especially neural, 
plausibility (Anderson, 1983;p.144). 
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The pattern-matching incorporated in ACT* thus relies heavily upon constructs taken 
from the field of computer science, as well as those developed according to psychological 

considerations.This is a reflection of the general reliance of modern cognitive theory upon the 
computer metaphor. 

Pattern Matching in ACT* 

In the process of pattern-matching, data structures active in working memory are matched to 
the "primitive patterns" in the terminal nodes of the pattern network. The activation and 

information from these matched data elements is then combined as it flows through higher
order pattern nodes that "perform tests for compatible combinations of the subpatterns" 
feeding into them. The pattern network is thus an hierarchically organised series of tests 
(nodes) organised (linked) in a manner that allows the ultimate selection of cognitive and 

sensory action(s) most appropriate in the context of the input data. The final selection of such 
actions is reflected in the superthreshold activation of a top-level pattern node. 

The matching process relies upon the causal interrelationships among the concepts of 
activation, inhibition, association, testing and the rate of testing. Figure 5.8 represents the 

overall pattern-matching process. 
Each positive two-input pattern node (e.g., node C in Figure 5.8) is responsible for 

completing a particular test of data patterns that feed into it from below. Positive two-input 
pattern nodes are the standard type of non-terminal node in the pattern network. Figure 5.9 

illustrates the events that occur in a pattern node. A pattern node has a level of activation 
that affects the outcome of its own pattern testing, and the outcome of tests performed 

elsewhere in associated areas of the network. Each node can receive or inherit activation that 
is produced in associated nodes above or below in the network hierarchy. For example, in 

Figure 5.8, the pattern node C could inherit activation from nodes A, B and G. The spread of 
activation from a newly-energised node is virtually instantaneous. Activation however 
remains a limited resource so that nodes associated with an activated node each receive a 
proportion of the available activation energy. The overall level of activation at a pattern 
node prior to the outcome of the testing process is determined by the strength of that node 
combined with the level of inherited activation. This level of activation in turn determines 

the rate or speed at which the testing process occurring at that node advances. Time delays in 
the overall pattern-matching process are thus a reflection of the rate (as it is affected by 

activation levels) and number of matches or tests that must be performed, rather than of the 
spread of activation. 

The outcome of a test performed at a pattern node is the most important factor 
determining the final level of activation emanating from that node. The level of activation 
at a node is thus a reflection of the overall amount of "evidence" for the appropriateness of 
the match so far. It will indicate the outcome of that node's own test, as well as showing the 
evidence existing in associated areas of the pattern network. The act of testing at a particular 
pattern node itself requires access to the data (particularly the "variable instantiations") 

tested in the areas of the pattern network that feed into that node. The ACT* model of 
cognitive pattern-matching provides no means by which such information can be transferred 

between nodes in the network.As it is described, links in the ACT* pattern-matching carry 
only activation. 
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Figure 5.8. The process of pattern matching in ACP. Data structures active in working memory are matched by the terminal nodes of the pattern network. The current goal 
element in working memory must be matched. At higher levels these "instantiations" of the terminal nodes are tested by pattern nodes that look for the presence of more 
molar patterns in the available data Tests for inequality, or the absence of a particular pattern are carried out by the pairing of a negative one-input node with a "dummy" 
positive two-input node via an inluoitory link (e.g., E and D paired to form F). This is a special case of the use of inhibition to force choices between competing nodes 
(patterns) at the same level (e.g., Hand G competing through I). Once the test at the top node is complete and that node has gained sufficient activation to "fire" and to drive 
the activation of any competitors to zero, the actions associated with that node (production) will be executed. 
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The final influence upon the behaviour of a pattern node is that of lateral inhibition. 
Some (not all) nodes in the pattern network are paired with another pattern node at the same 

level via an inhibiting connection (e.g. nodes E and D, and Hand Gin Figure 5.8). Nodes are 
linked in this manner at points in the network where a decision must be made between two 

competing patterns. The process of inhibition will be explained fully at a later stage. For now 
it is sufficient to realise that the level of activation in a pattern node may be altered by the 
inhibitory influence of a competing node. 

Inhibitory links between pattern nodes are also used as a means of performing negative 
tests, that is, tests of 'no-match' or inequality between data patterns. In this case a 'dummy' 
positive two-input node, representing the condition of equality, is paired with the negative 
one-input node that represents the condition of inequality. These nodes then compete through 
the shared inhibitory link. An example of this situation can be seen in Figure 5.8, where the 

negative one-input node "E" competes with the positive two-input node "D". The overall test 
is represented by the pairing of these nodes (Fin Figure 5.8). 
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Figure 5.9. Factors influencing the behaviour of a pattern node in the data-flow network. 
Activation is inherited from associated areas of the network. This level of activation is 
altered according to the "strength" of the pattern node and the resulting activation level 
determines the rate at which incoming information is tested. After the completion of testing, 
the overall level of activation at the node reflects the level of inherited activation, the 
strength of the pattern node, the outcome of the test, and the possible influence of inhibition 
from other nodes at the same level. This activation will then spread to associated areas of 
the pattern network. 

Terminal nodes (e.g. A and B in Figure 5.8) must also perform tests or attempt to pattern

match. Their task is however, more difficult in that there is no fixed source of input that is 
guaranteed to provide relevant information in the correct form. Terminal nodes must 

constantly, and in parallel, attempt to match a certain primitive pattern against the contents 
of working memory. It is difficult to conceptualise how the nodes go about this task. In the 

context of computer simulation, clauses of written productions would simply be literally 
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matched to written input statements. For example, the production clause "IF the probe is X,Y 
and Z" would be tested by comparing the string "the probe is X, Y and Z" (X,Y and Z being 

variables) with the contents of working memory. Working memory would have to contain 
exactly the same string for a match to occur. 

In the context of the cognitive model, ACT* proposes that each terminal node somehow 
stores a representation of a particular condition clause of a production. These terminal nodes 

are hypothesised to be able to perform a match between this representation and the semantic 
memory structures that are currently in working memory. These memory structures would be 

composed of nodes and labelled links. While the task of looking at and comparing memory 
structures is simple, it is by no means trivial. Exactly how a terminal node performs this task 
is not adequately explained. 

Furthermore, terminal nodes that do find a matching data structure in working memory 

are supposed to take on the level of activation that currently exists in that structure. The 
means by which activation is transferred to, or created within a terminal node is also not 

explained. Again, implementing the transfer of activation is easy in the context of computer 
simulation, but the method of implementation does not relate well to the activation-based 
cognitive model. 

One possible solution to both of the problems outlined above is that a physical link exists 

between declarative memory structures and the relevant terminal nodes in the pattern 
network. The presence of such links is implied in Anderson's description of the ACT* model 

(Anderson 1983, p.110). Anderson however, requires that terminal nodes be able to match 
temporary declarative structures that have been newly created in working memory. There is 
no possibility that a physical link could exist between a newly crated structure and the 
appropriate terminal node. Figure 5.10 illustrates the task of the terminal node. 
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Figure 5.10. The task of the terminal node in the pattern network is to match its own primitive 
pattern to the structures active in working memory. If a match is found, the terminal node 
inherits the level of activation present in the matching declarative structure. This activation 
and the matched information is then passed to the next level of the network. 

Having examined the causal events that occur at individual pattern and terminal nodes, 
it is now possible to describe the collective action of such nodes in the pattern network. The 

pattern network as a whole is used to select the single most appropriate action in the context 
of the data available in working memory. The pattern network therefore behaves in a manner 

that ensures that only one of the top pattern nodes will 'fire' in any given situation. 
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The pattern-matching process begins with the matching of the contents of working 
memory to terminal nodes in the pattern network. All nodes in the network, including terminal 

nodes, can function in parallel. The pattern-matching process can thus be initiated from many 
points at once, and continue in a similar fashion throughout the network hierarchy. The 
activation level of data structures in working memory is inherited by terminal nodes that 

match them. This activation then spreads throughout associated areas of the pattern 

network. Once the matching task of the terminal nodes is complete, pattern nodes of the next 
level can then perform more specific tests of the information held at the nodes that feed into 

them from below. The overall activation level at each pattern node is determined by the 
level of inherited (spreading) activation, the strength of the node, the outcome of its pattern 
task, and any inhibiting influences from other nodes at the same level. Once the testing is 
complete at one level, pattern nodes at the next level may commence the next stage of the 
pattern-matching process. 

Pattern-matching can be initiated in many areas of the data-flow network 
simultaneously. Pattern-matching that is initiated in parallel from various terminal nodes 
will not however proceed strictly in parallel through each level of the pattern 

hierarchy.The testing process will proceed at different rates in different areas of the 
network, according to the levels of activation that exist at the time. As mentioned earlier, 

activation levels determine the speed at which pattern nodes perform their tests. 
As with activation, the rate of testing at a node reflects the level of evidence for the 

appropriateness of the match between the data and the subpattern that is represented by 
that node. Hierarchical paths through the pattern network that represent a more accurate 
match will therefore move ahead of competing paths (patterns) in the race to complete the 
pattern-matching task. Rate of match, and the speed at which the testing process progresses 
through the network hierarchy is critical in the ACT* model. In combination with the 
processes of activation and lateral inhibition, the rate of pattern-matching functions to 

'choose' between competing pathways that represent competing patterns, in the network. As 
mentioned earlier, at critical decision points where one of two potentially relevant patterns 

must be chosen, the nodes representing these patterns will be linked by an inhibiting 
connection. A point of the pattern network hierarchy at which this will occur is at the top 

level. Only one production can apply at a time in ACT*, meaning only one of the potentially 
applicable top pattern nodes can ultimately 'fire'. Inhibitory links between the top pattern 

nodes representing competing productions ensure that this achieved. 
If two nodes share an inhibitory link, then the node that accrues activation more quickly 

will gain an advantage. The node with the most activation energy at any one time will, via 
the inhibitory link, function to proportionately reduce the level of activation in the rival 

node. Thus once one node gains an advantage, the inhibitory link will act to magnify that 
advantage until the activation in the rival node is ultimately driven to zero. This effectively 

ends the rival node's participation in the pattern-matching process. The only hope for the 
node in the pair with the least activation is that it will gain an incremental increase in 

activation energy that will boost its level beyond that of the opposing node. Such an increase 
could, for example, occur if the test at that node was successful. Overall then, inhibition is 

used to force a choice between alternative patterns or subpatterns at all levels in the data
flow network. 

The pattern-matching process described here is essentially "data-driven". Actions are 
chosen according to the data presently available in working memory. Such a scheme allows 
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the ACT* model to simulate the responsive quality of human thought and behaviour. 
However, human thought and behaviour also manifest many goal-directed qualities such as 
planning and intention. 

This type of quality is reflected in the use of goal-elements in the ACT* system. A single 
goal-element is always active in working memory, and can be matched by terminal nodes in 
the pattern network. The "top-down" or goal-directed influence in the ACT* model is seen in 
the fact that any successful match must involve the current goal element. The choice of 
exactly which of the productions relevant to that goal is of course made according to the other 
data elements active in working memory. 

An Assessment of Production System Theory 

Introduction -The "Cognitivist's Dilemma" 

The ACT* model proposes that the information within the various cognitive structures is 
manipulated or made use of by a series of causal processes. Of these hypothesised processes, 
all but the storage mechanism rely primarily upon the fundamental process of production 
application. The mechanism of production application presented within ACT* has two 
distinct phases. The production selection phase determines the best action(s) to take according 
to the available data. These actions are then carried out during the execution phase of 
production application. Once selected, production actions are executed in an automatic and 
determined fashion. Production execution thus follows production selection in the same manner 
as a response is proposed to follow a stimulus. It is thus in the selection of productions that the 

causal events of interest occur. The decision that causes subsequent thought and behaviour is 
made in the selection of which production to execute next. Choosing a production is thus the 
primary causal process in ACT* and all other production system theories. Production selection 
in ACT* is achieved through the process of pattern-matching. The action of virtually all the 

major causal processes in the ACT* model thus ultimately relies upon the production selection 
through pattern-matching. It is therefore upon this process that the discussion will focus. 

In production system theories such as ACT*, the hypothesised process of production 
application is the causal construct that has been added in order to create a cognitive theory 
that does not rely upon the actions of unexplained causal processes (as is the case with 
Network theory - see Chapter Four). If the addition of the mechanism of production 
application is successful in providing a complete and cognitive account of particular mental 

phenomena, then the problems of the homunculus and infinite explanatory regress will have 
been removed from at least one type of cognitive theorising. The challenge that the 

production system theorist faces is thus to provide a finite and complete (and hence plausible) 
account of mental phenomena that remains based upon cognitive causal constructs. Anderson 
attempts to create such a theory through the use of a production (rule) application process 
that is based upon pattern-matching. Pattern-matching, as the primary causal construct in 

Anderson's ACT* model, is claimed to provide an automatic decision-making mechanism. 
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There is, however, an inherent contradiction in such a claim that exemplifies what can be 
termed the "Cognitivist's Dilemma". The word 'automatic' implies the existence of a finite, 

deterministic mechanism, while the term 'decision-making' carries with it the implications 
of intelligence, rational choice and free-will. The two components of the phrase 'automatic 

decision-making' are thus completely contradictory. This is an example of the general 
theoretical dilemma facing the modern cognitive theorist. The cognitive theorist wishes to 

explain mental functioning and behaviour according to a strictly cognitive view of causality, 

based upon semantic and rule-based decision-making. Such a theorist will build his or her 

explanation of psychological phenomena upon the assumption that organisms have 

knowledge (such as rules or productions) which they use in an intelligent decision-making 

process (Chapter Three). At the same time however, modern cognitivists are painfully aware 
of the inadequacy, incompleteness and thus lack of plausibility of the cognitive theories that 

have been produced. Network theorists, for example, admit that there are serious gaps in 

traditional network-based explanations (Bower and Cohen,1982). Modern cognitivists are 

therefore desperate to develop plausible and complete explanations of psychological 
phenomena. It has become apparent to them that in order for an explanation to appear 

tenable, the causal constructs contained within that explanation must be able to be 

implemented by an automatic and independent mechanism. The pattern-matching in ACT* is 

an example of such a mechanism. An explanation that proposes this type of mechanism would 

thus provide a causal account of phenomena that would not rely upon outside and unexplained 

processes, and would therefore avoid the possibility of an infinite explanatory regress. The 

contradiction mentioned above is however, apparent between the type of theory dictated by 

the cognitivists theoretical assumptions and the type of theory he or she must produce in 

order for it to be plausible. If the behaviour of an explanatory system is made automatic, 

mindless, determined and unthinking in order to be tenable, then no rational or 'cognitive' 

causal constructs can operate. As was shown in Chapter Three, an 'automatic' decision is not a 

cognitive decision, it is merely determined behaviour. The seemingly unsolvable contradiction 

created because of the conflict between the cognitivist's desire to hold on to 'cognitive' 

theoretical assumptions and the need to produce plausible theory can be termed the 

"Cognitivis t' s Dilemma" .1 
The "Cognitivist's Dilemma" leaves the modem cognitive theorist in a no-win situation. 

Theories that are "true" to the standard cognitive causal constructs will never be complete. 

The infinite explanatory regress will always be apparent (Chapters Three and Four). If, 

however, the modern cognitivist does succeed in developing a plausible model of 'automatic' 

cognitive functioning (thus avoiding the regress), then he or she has simply produced a 

behavioural rather than a cognitive theory. Such a theory would exhibit intelligent 

behaviour by way of a determined, mindless causal mechanism. 

1The "Cognitivists Dilemma" is also apparent in the development of early forms of cognitive theory. 

Tolman, for example, was forced to change the form of his initial "cognitive" theory to one more in line 

with the behavioural theories of the day. Tolman made these adjustments in an attempt to make his 

theory more plausible and hence more acceptable to the scientific community. These attempts, 

however, were never successful because of Tolman's refusal to completely eliminate the use of 

"cognitive" explanatory constructs from all aspects of his theory. See MacCorquodale and Meehl 

(1954), pp. 249-250. 
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Pattern Matching in ACT* 

The pattern-matching process that is the fundamental causal mechanism in the ACT* model 

exemplifies the "Cognitivist's Dilemma". The pattern-matcher is the component of ACT* 

that selects or chooses a production to apply in a given situation. It is thus the mechanism 

that makes (cognitive) 'choices' or 'decisions', yet these decisions are apparently made in a 

manner that is sufficiently automatic for Anderson to claim that the homunculus has finally 

been removed from cognitive theorising. (Anderson,1983.p.ix-x) 

Anderson argues that it is the "precise way" in which production systems choose a 

production and hence an action that makes it possible to banish the homunculus. It is thus the 

"precise way" in which the pattern-matcher matches production conditions (literally) to 

available data that enables the infinite regress to be avoided. There is no "looseness" in the 

pattern-matcher's decision-making process that must be accounted for by some other 

unexplained entity. A production, as it is written (IF condition THEN action) specifies 

precisely the outcome that will occur in the presence of particular data or stimuli. 

The similarity between productions and behavioural descriptions of stimulus-response 

bonds is apparent in the preceding statement, and has been mentioned earlier in this chapter. 

Stimulus-response bonds have the attributes of preciseness and determinism that the 

cognitivist requires for theoretical plausibility, hence the similarity of the form of 

production to the stimulus-response relationship. The cognitivist would not however wish to 

reduce his or her grand theory to the level of a simple behavioural model. What then, is the 

attribute of a cognitive production-based theory that delineates it from a stimulus-response 

theory? The answer of course lies in the claim that production systems such as ACT* (or more 

specifically the pattern-matcher in the case of ACT*) make choices through the process of 

production application or pattern-matching. This is an instance of a fundamental difference 

between cognitive and behavioural theory that has already been discussed (Chapters 2 and 

3). 

In behavioural theory the stimulus-response link is merely a description created by the 

investigator of a determined relationship between certain stimulus conditions and certain 

responses. The stimulus-response bond thus reflects nothing more than the perception of the 

observer or the hypothesis of the theorist (Chapter Two). The cognitivist, however, would 

claim that some manifestation of productions (e.g. the pattern network in ACT*) actually 

exists within the hypothesised or observed system. Productions are thus assumed to be a 

primary causal factor within the system under study. Productions are therefore not simply 

descriptions of perceived events that occur automatically, but are decision-making rules that 

are followed by the cognitive system. They do not tell how the investigator perceives the 

behaviour of the system under study; instead they are hypothesised to tell the system itself 

how to behave. Decisions are thus proposed to be made by the system by performing various 

tests in order to determine whether or not the conditions (IF) specified in the rules have been 

met. The arguments against the plausibility of rule-based causality that were presented in 

Chapters Two and Three thus remain applicable to production system theory. The fact that 

productions or rules must be applied reintroduces the problems of the homunculus and infinite 
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explanatory regress. Overall then, the advantage of "precision" gained from the similarity of 

productions to stimulus-response bonds is offset by the status of these productions as 

"cognitive" causal constructs. 

In fact, it can be similarly argued that the introduction of productions does not even 

create a significant gain in the explanatory "preciseness" of cognitive theory. Productions, or 

more specifically, the condition components of productions that are implemented through 

pattern-matching, are simply specific or precisely-worded rules that by themselves achieve 

nothing. In order to become a causal influence, productions must be implemented, followed or 

applied by some other entity. Thus, while the specification of the conditions that are 

necessary for the initiation of an action may be very "precise" within a written production, 

the system nevertheless requires an homunculus to apply them. There is certainly no 

"precision" inherent in a causal system that relies upon the actions of some unexplained 

entity. For example, in ACT* the pattern matcher (pattern-matching network) is required to 

apply a series of tests that correspond to the conditions of a written production. If the 

"testing" that is described is seen as a cognitive type of causal construct, each pattern or 

terminal node that performs such a test must be viewed as a "mini-homunculus", each of 

which is required to make a "mini-decision". 

The "Cognitivist's Dilemma" is thus apparent within production system models such as 

ACT*. In order to remain truly cognitive, these models must explain phenomena in terms of the 

rationalist or cognitive causal constructs of rule application and testing. The explanatory 

system itself is assumed to perform such tasks. For the sake of theoretical plausibility, 

however, modern cognitivists imply that productions (rules) can be applied by the system, 

and can thus have a causal influence, in an automatic, determined and unthinking way. The 

desire to see productions as plausible deterministic mechanisms is seen in the parallel that 

cognitivists draw between productions and S-R bonds (Anderson, 1983, p. 6). As was shown 

earlier, these two ideas are contradictory and irreconcilable. 

This contradiction or "dilemma" is evident in the ACT* pattern-matching process. It is 

claimed that the productions are selected or "chosen" through a process of hierarchical 

testing, yet it is also claimed that this selection process is performed in an automatic manner 

so as to avoid the introduction of an homunculus. 

Such a situation serves to illustrate the fundamental division between cognitive and 

behavioural theory. Cognitive theories rely upon the causal knowing, meaning, testing and 

deciding of the system under study, while behavioural theories claim only to describe 

determined events. Cognitive theories based upon such causal constructs have been shown to be 

fundamentally flawed, while it has been argued that behavioural theories are 

unproblematic and powerful (Chapters Two and Three). Thus, depending upon the status of 

their "cognitive" constructs, such as "testing" and "rules", as causal or descriptive, production 

system theories are either examples of plausible functional behavioural theory or inherently 

flawed cognitive theory. If these theories are behavioural, based upon plausible automatic 

causal mechanisms, then they are poor examples of such theorising - the language is 

misleading in that it implies the causal status of various "cognitive" constructs. 

In summary, if production system theories such as ACT* are deemed to be cognitive, then 

they provide no significant advance over traditional cognitive theories. Such theories suffer 
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from the same problems as their predecessors, and are caught in the unresolvable 

"Cognitivist's Dilemma". 

Pattern Matching and Semantic Processing 

The attempt to resolve the "dilemma" created by the desire to retain cognitive, rationalist 

notions of causality, yet also to obtain theoretical plausibility is also apparent in the way in 

which semantic information is processed in ACT*. 

ACT* purports to be a model of semantic processing, yet the pressure to find a plausible 

type of ("automatic") cognitive causal system has led to the removal of causal meaning in the 

ACT* system. The entire system is based upon pattern-matching (in production application) 

which processes information solely in terms of its form or syntax. "Decisions" are thus made 

according to syntactic rather than semantic matching. It is the literal form of a symbol that is 

critical, rather than the meaning that it represents. Such a scheme is in direct contrast with 

the nature of the hypothesised processes contained within network theory (Chapter Four). 

For example the elaboration process is assumed to structure the semantic network according to 

the sense or meaning that it made of the available information. At least the network theories 

are consistent in their reliance upon semantic organisation. ACT* has inherent inconsistencies 

(semantic network structure, with syntactic processing) born out of the need try and make 

plausible yet "cognitive" theory. 

Anderson has adopted pattern-matching (syntax matching) because of the realisation 

that matching, or any form of processing according to semantic factors cannot, by definition, be 

carried out in an automatic or "mindless" way. Processing according to meaning thus always 

requires an homunculus (Chapter Three). In contrast, it seems possible to implement literal 

pattern-matching in a mindless and automatic manner. Computers for example appear 

capable of such a task. Literal or syntactic matching thus provides a possible foundation for a 

model of mental functioning that will not suffer from the infinite explanatory regress. 

What must be realised of course is that such models simply are not cognitive. The causal 

role of knowledge, meaning and meaning-based (rational) decision-making is a central 

defining feature of cognitive theory (Chapter Three). This element is missing in pattern

matching-based models such as ACT*. Theorists such as Anderson however, continue to claim 

that such models are plausible models of semantic-based (cognitive) mental processing, in 

spite of the fact that there is no causal semantic content in them. 

Even the process of syntactic pattern-matching however, suffers from the problems of the 

homunculus if it is implemented or modelled according to cognitive mechanisms. If the 

pattern-matching process is implemented through the application of causal rules then, as 

argued previously, an homunculus is required for the task of rule application. In the cognitive 

context, pattern-matching requires that some entity must follow rules of the form: "IF two 

objects are the same, THEN a match is found". It is therefore the task of that entity to look at 

and compare these objects in order to determine their equivalence. The pattern matcher 

proposed in ACT* is based upon this problematic (cognitive) form of a rule-based causality. 

Cognitivists may attempt to counter this point with the claim that incontrovertible 

evidence for the plausibility of "cognitive" rule-based pattern-matching is seen in its 
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successful implementation in computer simulations of models such as ACT*. Computers 

certainly do not exhibit any intrinsic infinite regress or homunculus in their form or function, 

and can quite adequately perform a pattern-matching task. Such a claim however, only 

exemplifies the general misunderstanding of cognitivists of computer functioning and the 

implications of the computer analogy. 

Computers do not function according to a process of rule application. The behaviour of a 

computer can be described by rules, but is not caused by them. Instead, any 'output' from a 

computer (e.g. simulation results) is a product of the inputs (stimuli) and the logical structure 

(connectedness) of electrical pathways within the computer chip. The computer is thus 

directly analogous to a behavioural view, rather than a cognitive view of the mind. The 

computer analogy will be discussed in detail in a later section. For now it is sufficient to 

realise that the successful computer simulation of certain patterns of behaviour does not lend 

automatic support to a cognitive model of mental functioning. 

Overall then, the dilemma of the cognitivist is apparent in the treatment of "semantic" 

processing within the ACT* model. ACT* is proposed to be a proper cognitive theory of mind, 

based upon the application and causal influence of various forms of knowledge. Under such a 

scheme, it is the meaning inherent in semantic units that governs mental processing. In reality 

however, the central causal components of the ACT* model function according to syntactic 

rather than semantic factors. This is done in the hope of finding a plausible (automatic) 

mechanism for processing information. The change to syntactic processing can produce two 

possible outcomes. First, it may lead to the development of tenable yet not cognitive theory,or 

second, if the syntactic processing is implemented according to rule-based causality, ACT* 

remains an example of flawed cognitive theorising. The desire to hold on to cognitive notions 

of causality thus continues to preclude the development of sound psychological theory. 

Perception in ACT* 

The issue of semantic versus syntactic processing in the context of the "Cognitivist's Dilemma" 

is most evident in the description of perceptual processing presented as part of ACT*. 

Perception in network-based models such as ACT* involves the activation of semantic network 

representatives of stimulus events. The memory network is proposed to be organised and hence 

accessed according to semantic criteria. Activation of memory "nodes" therefore depends not 

on the "form" per se of the input stimulus, but instead relies upon the perceived meaning of 

that stimulus. For example, an individual may see a physical stimulus of a car that he/she 

has never encountered before, yet the perceptual process will access and activate the "car" 

node in the semantic network, and that individual will "know" that it is a car. Once 

perception makes sense of sensory input and activates the appropriate symbols in declarative 

memory, it is possible that subsequent processing can proceed according to purely syntactic 

criteria. Processing following perception need only carry out various types of symbol 
manipulation (pattern-matching in ACT*) that work upon the literal form rather than the 

meaning of memory units. The process of perception however, must include some element of 

semantic analysis if it is to produce activation within a network organised according to 
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meaning-based criteria. Thus, if the cognitivist wishes to hold on to the notions of stored 

"knowledge" and action according to meaning, at the very least the process of perception must 

include an element of semantic rather than syntactic processing. 

Anderson attempts to avoid any form of semantic processing in the ACT* model, yet his 

desire to develop a truly cognitive theory of mental functioning demands some semantic 

component in the perceptual process. Again, the problem of the "cognitivist's dilemma" 

becomes apparent. His desire to avoid the issue of semantic processing stems from the fact 

that cognitivists are unable to develop a satisfactory explanation of how this type of 

processing could actually occur. If cognitivists such as Anderson were ever to address this issue 

directly,problems of the homunculus and the infinite explanatory regress would become 

apparent (Chapter Three). The tacit acknowledgement of this fact is evident in the various 

forms of network theory that simply fail to explain key semantic processes (Chapter Four), 

and in Anderson's attempt to develop a purely syntactic yet "cognitive" explanatory system. 

More specifically, Anderson's treatment of perception in the ACT* model also 

exemplifies inadequate cognitive theorising resulting from the "Cognitivist's Dilemma". 

Anderson's cognitive assumptions create a need for semantic processing in perception, yet 

provide no viable method of explaining such processing. How then does Anderson deal with 

this dilemma? In keeping with traditional network theorists, Anderson simply ignores or 

leaves unexplained the hypothesised component of the perceptual process that must perform 

the semantic analysis. As outlined earlier, the ACT* model of perception involves two 

distinct stages (Figure 5.4). First, at some "low-level"of processing, perceptual features are 

abstracted from sensory input, and their declarative representations implanted into working 

memory. The second stage is one of perceptual pattern-matching, that functions to combine 

these active perceptual symbols into more molar (and hence "meaningful") perceptual units. 

While this second stage is included as part of the ACT* explanation of perception, it is more 

accurately described as a purely cognitive process that works upon the data provided by 

initial perceptual processing. It seems more appropriate to view perception in the context of 

the ACT* model as the process by which interpretations of sensory stimuli are initially 

placed in working memory. Any subsequent processing is simply another instance of pattern

matching that is internal to the ACT* system, and does not concern the (perceptual) interface 

between the system and the environment. 

"True" perception, involving making sense of environmental input, therefore exists solely 

in the first stage of the perceptual process hypothesised by Anderson. It is thus within this 

limited stage that the semantic (making sense of) component of the perceptual process must 

reside. Anderson hypothesises the existence of this initial perceptual process, but fails to 

explain how it performs perceptual and semantic tasks. Instead, the description of perception 

in ACT* focuses almost entirely upon the following pattern-matching stage that deals with 

the perceptual symbols already deposited in working memory. Given that Anderson wishes to 

hold on to cognitive assumptions, he has no alternative but to leave the initial perceptual 

stage unexplained. To do otherwise would expose the dilemma of the cognitivist. 

With regard to perception, ACT* is thus theoretically equivalent to traditional network 

theory. ACT* includes the cognitive notions of causality based upon semantic processing yet 
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the only form of explanation offered to account for such processing is some vague reference to an 

unexplained and apparently magical cognitive mechanism. 

Overall, then, the dilemma of the cognitivist is apparent in the ACT* model of 

perception. The pressure to produce plausible theory has prompted the removal of semantic 

processing from the ACT* model wherever possible. Some component of semantic processing 

must, however, be retained in the proposed perceptual mechanism if the theory is to remain 

truly "cognitive". If all semantic interpretations were removed from the perceptual process, 

then events in the cognitive system (such as accessing a "node" in memory) that follow 

perception, would simply be automatic responses to those stimuli. Thus, in order to be 

cognitive, ACT* includes an element of semantic processing in its explanation of perception, 

yet semantic processing is a phenomenon that is unable to be adequately explained (Chapter 

Three). This produces a uniquely "cognitive" dilemma to which Anderson can have no answer, 

lest the problem of infinite explanatory recursion becomes apparent in his theory. 

The Computer Metaphor 

The issue of the "Cognitivist's Dilemma" is also apparent in the use of the computer 

metaphor both in the ACT* model and in cognitive theorising in general. The apparent 

ability of computers to resolve the dilemma of the cognitivist and to provide concrete 

evidence for the plausibility of cognitive notions of causality has been a major factor in the 

modern resurgence of the cognitive paradigm. Modern cognitive theory is characterised by the 

use of the information-processing approach in which the mind is seen as consisting of a data

base upon which various processes operate (Chapter Three). These processes provide the 

dynamic and causal component of the cognitive system, and are proposed to be able to look at, 

and thus make decisions according to the data (knowledge) that is available to them. In other 

words, the cognitive system (or components of it) are hypothesised to carry out these 

distinctly cognitive causal operations. Examples of such a view of mental functioning are 

apparent in both network theory (the five semantic processes) and in ACT* (pattern nodes 

performing tests). 

Arguments for the plausibility of such a model of mental functioning rest largely upon the 

claim that computers exhibit the type of rule-based cognitive causality mentioned above. 

Cognitivists see computers as finite machines or entities that retrieve and examine data, 

perform tests and comparisons of that data and act accordingly. Computers are therefore 

proposed to perform rational decision-making and exhibit rational thinking. Thus, in spite of 

the various logical problems apparent in the cognitive view of causality (Chapters Two, 

Three, Four and Five) the very existence of the computer seemingly provides incontrovertible 

evidence for the plausibility of such a view. Overall then, the computer is seen by the 

cognitivists as the rational and rule-based, yet automatic decision-maker that can solve the 

dilemma of the cognitivist. 

Cognitivists perceive the functioning of the computer as analogous to their view of 

cognitive processing because of the fact that computers can be programmed in terms of high

level computer languages. These high-level languages are structured as a set of instructions, 
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operations or rules that manipulate data and determine action. A common example of such an 

instruction that is relevant to the ACT* system is the 'IF condition/test THEN' statement. 

The instructions that make up high-level programming languages are thus equivalent or 

analogous to the cognitive rules that are supposed to govern behaviour within cognitive 

models of the mind. Execution of a high-level program is therefore seen as an example of rule 

application involving 'cognitive' types of causal operations such as testing and deciding. For 

example, execution of an instruction such as "IF x=y THEN add 1 to 2" is assumed to involve 

the retrieval of the variables x and y, their subsequent comparison in order to ascertain 

whether they are equivalent, and the initiation of an action according to the result. It is 

assumed that in the appropriate circumstances, the computer will apply and follow the 

conditions and actions specified by this instruction. If this were true, then computers would 

indeed exhibit a cognitive form of causality. 

Computers do not execute such high-level programs directly, but instead they run a 

compiled "machine code" version of them. This poses no problem for the cognitivist as he or 

she sees the machine code equivalent of a high-level (rule-based) program as simply a more 

molecular form of the same rule-based structure - in other words, machine code programs are 

high-level programs written or translated into another (more specific) language. There is no 

functional or logical difference between equivalent programs existing at these two levels, and 

the primary causal processes for equivalent programs remain the same. 

The fact that an equivalence is perceived to exist between high and low-level languages 

leads the cognitivist to draw a more general analogy between the functioning of the computer 

and that of the human mind. As already mentioned, cognitivists see the cognitive rules that 

are proposed to guide human behaviour as analogous to high-level programming language 

instructions that apparently guide the actions of the computer. In addition to this, the 

perceived equivalence between high and low-level computer languages leads the cognitivist 

to view the implementation of high-level programming instructions in the form of a machine 

code as evidence for the plausible implementation of cognitive rules as low-level neural 

activity in the brain. Just as the behaviour of the computer can be seen as governed by both 

high-level language and machine code programs, it is therefore argued that the mind can be 

seen as governed by both causal cognitive rules and the equivalent neural activity. It is also 

argued by analogy that, just as high-level language instructions appear to be the primary 

causal force driving the computer, so cognitive rules form the primary causal force behind 

cognition and behaviour. 

Overall then, the computer metaphor provides the cognitivist with 'evidence by analogy' for 

the plausibility of two major cognitive claims. First, the computer is seen as providing strong 

evidence for a cognitive view of causality, founded upon rule-based testing, comparisons and 

decision-making. Second, the computer analogy is used to lend plausibility to the cognitivist 

claim that cognitive rules, and hence cognitive causality, can exist in some form within the 

brain.The computer analogy is thus proposed to provide concrete evidence for the idea that 

cognitive rules provide the primary causal influence within the automatic neural functioning 

of the central nervous system. Computer architecture and functioning is therefore seen as 
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evidence for the possible existence of the "automatic decision-maker" that could solve the 

dilemma of the cognitivist. 

In reality however, the use of the computer metaphor as evidence for these two claims 

merely reflects the cognitivist's misunderstanding of the mechanics and implications of 

computer functioning. As will be shown below, the true nature of computer functioning is more 

analogous and thus lends more support to a behavioural rather than a cognitive view of the 

mind. 

What then is the true nature of computer operation? What can they 'know' or represent, 

and how do they go about providing computer users with the output they require? 

A Realistic Description of Computer Functioning 

Computers are composed of a network of electrical connections and junctions. The sole 

behaviour occurring in a computer is the flow of electrical energy around this temporarily or 

permanently connected network. 

There are two major types of component in a computer system. The first is termed 

"memory'', and consists of a series of grids or matrices of interconnected electrical pathways. 

Junctions in these grids can be seen as "switches" which may be 'on' or 'off'. According to the 

state of the physical medium at a junction, electrical energy reaching that point may or may 

not be able to pass. If energy can pass then the "switch" is 'on', and that junction can be said to 

represent the binary value '1'. If energy is unable to pass, then the "switch" is 'off' and that 

junction can be described as representing a '0'. A memory location (junction) is "accessed" by 

electrical energy being input along the electrical pathways that intersect at that location. If 

current passes through that junction, and is sent along an output line then a '1' value has been 

"retrieved". If no current is passed then a '0' value is said to have been retrieved on that 

output line. Figure 5.11 illustrates the layout of a memory fragment. 

Machine code programs that are to be "executed" on the computer are represented in these 

memory matrices. Such programs can be written as a series of binary instructions and data (e.g. 

'100110110'). In memory, programs that can be represented in this manner can be "stored" or are 

manifest as a series of junctions (switches) that may ('1' or 'on') or may not ('O' or 'off') allow 

current to pass. An important point to note here is that the effect of "storing" a program is to 

alter the connectedness of the network. Programs are thus manifest in the opening or closing of 

the many electrical circuits that make up the memory matrix. 

There are two types of memory in a computer system. "RAM" (Random Access Memory) is 

composed of those memory matrices in which the state of the junctions (switches) can be 

altered. The program that the user writes and wishes to execute will thus be stored in RAM. 

The second memory type is called "ROM" (Read Only Memory). ROM is a 'hard-wired' 

memory matrix that cannot be altered. The various "programs" (i.e. switch patterns) that the 

computer itself requires in order to be able to function are stored in ROM. 
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Figure 5.11. A fragment of computer "memory". Electrical signals arrive along input or address 
lines. These signals are either a "O" or a "1" according to whether there is energy (1) or no 
energy (0) on the address line. Address lines feed into address decoders which are networks of 
boolean logic (discussed later) that determine which line in the memory grid is to be 
energised. Two electrical lines in the memory grid that reference a junction point will be 
energised. According to the state of the physical medium at this point, energy may or may not 
be able to pass. If energy does pass onto the output line then a "1" is said to be "retrieved", 
otherwise a "O" has been accessed. 

The second major type of component in a computer system is a connected network whose 

form corresponds to the structure of boolean logic. These units are composed of a series of 

logical "gates" that are connected so as to relate appropriate input to output according to the 

laws of boolean logic. Input to such a unit is in the form of current ('1') or no current ('O') along a 

set of electrical input lines, and output is a corresponding pattern of current or no current along 

a parallel set of output lines. 

The most prominent example of this type of component is the "ALU" or Arithmetic Logic 

Unit. The ALU is structured in a way that the pattern of energy on the output lines corresponds 

to the result of an arithmetic operation performed upon the data signals on the input lines. 

Exactly which arithmetic operation is simulated is determined by a further pattern of input 

energy to the ALU along "control lines". Figure 5.12 shows the basic architecture of a logical 

structure. 
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Figure 5.12. A logic component in a computer network. Data enters as electrical signals along 
data input lines. Similarly, the type of logical operation that is required is specified as 
electrical signals along input control lines. The "result" is determined by the pattern of input 
signals as they flow through the network of connected logical "gates" that exist within the 
logic unit. The "result" is merely the pattern of electrical signals that flows through the logic 
unit's network to appear on the output lines. 

It is possible to describe units of this kind as decision points in the computer network. For 

example, certain actions of the ALU can be said to "compare" (by subtraction) two input values 

in order to see if they are the same (result of subtraction=0). The result of this "comparison" 

will determine the following behaviour of the computer. It is essential to note however, that 

no event that could be described as a "choice" or "decision" is ever made. Output from a unit 

such as the ALU is determined by its structure, and the nature of the input (stimuli). Electrical 

energy simply flows through these units along a predetermined and invariant path. 

The complexity of the structure of these logical units determines the number and range of 

primitive "operations" that a computer can perform. For example, the ALU will be wired so 

as to relate input to output in a finite number of ways. Depending upon the control line input, 

the ALU may output a result that corresponds to one of a fixed set of arithmetic operations 

such as addition, subtraction, multiplication, and logical operations such as logical shifts and 

the "exclusive-or".The range of instructions able to be included in higher-level languages is 

therefore limited to those that can be translated into a series of the "primitive" operations 

that are built into the structure of the computer hardware. 

Overall, the internal structure of the memory and logic units of the computer system is 

made up of junctions or gates joined in a certain pattern by electrical pathways. Electrical 

signals enter and leave memory and logic units through input and output lines that connect 

such units with other components of the system. The organisation between units in a computer 

system is thus similar to that within these units. Input (address, data or control) and output 

(address, data or result) lines flow electrical signals between the various memory and logic 

units. No single element in the overall network is in control. The behaviour (output) of any 
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particular unit is governed or determined by the data and control inputs entering it from other 

connected components. Thus, once a program to be executed is manifest in the temporary 

connections made in the memory matrix, the subsequent behaviour of the system is self

sufficient, cyclic and determined. A particular structure has been set up in the overall 

computer network and electrical signals, once initiated, will simply flow around that 

network. 

In addition to the cyclic flow of electrical energy though the computer's network, two 

important side-effects may also occur. First, electrical signals may cause a memory "switch" 

(junction) to be changed from 'on' to 'off' or vice versa. The state of RAM and consequently the 

overall state of 'connectedness' of the computer network can thus be altered during program 

execution. While the system can be 'self-modifying' in this way, the behaviour of the system 

nevertheless remains determined by its initial structure. The second important side-effect 

occurs where electrical signals are sent to an output device, such as a disc drive, VDU or 

printer. 

The cyclic flow of electrical energy through and between the various components of the 

computer system is commonly described as a "fetch-execute cycle". According to such a 

description, an instruction stored in memory is first fetched, and is then executed. This process 

is then repeated for the next instruction stored in memory, and so on. Such a description is 

however, misleading in that nothing actually functions to "fetch" an instruction, and there is 

no specific unit that "follows" that instruction in the process of execution. The words "fetch" 

and "execute" merely describe the flow of electrical signals to and from memory (fetch) and 

through certain logical structures (execute). 

A device that is critical to the functioning of a computer, but which is of little 

consequence to the present discussion of the cognitivist's computer metaphor,is the "clock". In 

a computer system where data are transferred as l's or O's represented by the presence or 

absence of electrical charge, timing is essential. Operations must be performed and signals 

generated and sent in a specific order which must not become confused. A "clock" which sends 

out regular pulses of voltage is used to separate events and signals within the computer's 

network. 

Having presented a realistic description of computer functioning, it is possible to assess 

the validity of the various cognitive claims that are based upon the computer analogy. 

Assessing the Cognitivist's Use of the Computer Metaphor 

It is obvious from the description of computer functioning presented above that once a 

particular electrical network has been created, the "execution" of a program or the 

''behaviour" of the computer is nothing more than an automatic and determined flow of 

electrical signals. Viewed in isolation, computer functioning can thus be seen as patterns of 

electrical energy that are determined by the 'connectedness' of the electrical pathways. If the 

computer is described in the context of its environment during program execution, then its 

behaviour is determined by the current state of connectedness and the inputs it may receive 

from external sources, such as the user at the keyboard. Computer functioning may thus be 

described in terms of rules, tests, decisions, data and so on, but its behaviour is certainly not 
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caused by such cognitive constructs. It is apparent then, that the first claim of the cognitivist 

is wrong. A computer does not provide a working example of a finite machine that functions 

according to cognitive or rational notions of causality. The computer instead appears to 

provide a more behavioural model of causal functioning. 

The realistic description of computer functioning outlined above also serves to reject the 

second cognitivist claim. An analogy drawn between computer and human behaviour does not 

provide evidence for the plausible existence of rules (and hence a process of rule application) 

within the brain. It is apparent in the preceding description of computers that at the 

"machine code" level, which cognitivists see as analogous to neural functioning, causal rules 

are not in evidence. Electrical charges simply flow in a pattern determined by the state of the 

network. 

What then is the source of confusion that has led the cognitivist to make such erroneous 

claims concerning the computer metaphor? In other words, how is it that in spite of the 

conclusions drawn here, a programmer can nevertheless write a rule in the form of a high

level language instruction (e.g.IF condition THEN action) and see it apparently implemented 

or applied by the computer? The computer gives every appearance of behaving according to 

rule and testing-based causality. 

The confusion of the cognitivist stems from a form of the subject-investigator division 

first outlined in Chapter Two. It is imperative for a clear understanding to separate the 

behaviour of the user, programmer or computer engineer from that of the computer. The 

behaviour of the computer programmer who writes and then compiles a high-level program is 

essentially equivalent to that of the person who designs and builds the "hard-wired" 

components of the computer network. The effect of compiling a program is to create or build a 

temporarily connected network within the computer network (i.e., altering the "switches" in 

RAM). Even though this process of altering the computer's network is automated,the overall 

effect is the same as if the programmer created each new physical connection by hand. The 

influence of both the programmer's behaviour and that of the designer of the computer's 

hardware is therefore seen in the overall form or connectedness of the electrical network 

before a program is executed - that is, before the computer begins to behave. 

It thus becomes obvious that the high-level language rules or instruction of the 

programmer never directly impinge upon the causal functioning of the computer. The 

implementation of high-level language programs merely provides a highly-automated 

mechanism by which the programmer can build a new form of computer network. Once a 

network has been created, and the computer is left to function in isolation,there is nothing 

about its behaviour that is rule-based. As was shown earlier, the behaviour of the computer is 

limited to the determined flow of electrical energy through a connected network. 

A simple analogy may help clarify this point. A mechanical engineer may design and 

build a ramp that is used to accelerate objects that rolled down its length. He or she could be 

said to build such a mechanism according to certain rules. While these rules specify the 

engineer's building behaviour, they do not cause objects to accelerate down the length of the 

ramp. 

Overall then, the cognitivist has simply misunderstood the causal relationships 

between the programmer and the computer The rules of the programmer describe a form of the 
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computer, but at no stage do such rules make their way 'inside' the computer to influence its 

behaviour during program execution. 

The relationship between the programmer and the computer is in fact best seen as 

analogous to the relationship between the behavioural theorist and the system under study 

that was outlined in Chapter Two. The behaviourist creates a description of how he or she 

thinks the causal system under study should function. At no stage however, does the 

behaviourist contend that the constructs that are used in and belong to the description exist as 

causal entities within the system under study. Similarly, the programmer creates a 

description, in the form of a high-level language program, of how he or she thinks the 

computer system should function. The constructs that belong to the description or program will 

not however, exist as causal agents that guide the behaviour of the resulting computer 

network. 

Not only does the computer appear consistent with a behavioural perspective in the 

context of the programmer-computer relationship, but even when examined in isolation, the 

behaviour of the computer appears distinctly behavioural. Instead of rules and notions of 

causal rule application and testing, a look at computer functioning reveals a system that 

simply behaves. Both external and internal (mediating) responses of the computer are 

determined by the connectedness of the network and the input stimuli. A computer may 

exhibit intelligent behaviour, yet it is not an intelligent entity. For example, computers may 

exhibit testing behaviour, yet 'testing' is not a causal factor within the functioning. 

Similarly, computers can give the appearance of having performed semantic or meaning

based processing, yet they do not have the ability to 'know' the meaning of an event within 

some form of consciousness. Computers thus provide excellent examples of useful and powerful 

entities that function according to behavioural notions of causality. What then are the 

implications of any analogy drawn between computer functioning and psychological 

processing? If anything, computers provide evidence by analogy for the accuracy of 

behavioural rather than cognitive models of the mind. 

In summary, computers do not provide working examples of applied cognitive causality. 

Computers are therefore not the 'automatic decision-makers' that could resolve the 

"Cognitivist's Dilemma". While computers may be automatic, they do not make decisions. 

Cognitive psychology has lately been revived in spite of the logical problems inherent in 

its fundamental causal assumptions (Chapters Two to Five). This revival has been largely 

due to the perception of the serial computer as a successful implementation of cognitive causal 

constructs that, by its very existence, refutes any logical criticisms of a cognitive or rational 

view of causality. In reality however, computer functioning is indicative of a behavioural 

view of causality, and exhibits none of the causal constructs that the cognitivist would claim. 

The rise of modem cognitive psychology and the "information-processing paradigm" has thus 

occurred largely in response to a misunderstanding of the implications of computer processing. 

The "Cognitivist's Dilemma", and the inadequacy of the computer metaphor in resolving the 

dilemma, are apparent in various aspects of the ACT* model. The behaviour of the terminal 

nodes of the pattern-matching network serves to illustrate this point. The task of each 

terminal node is to match its own primitive pattern to data structures active in working 
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memory. Pattern-matching is a process that a computer can perform in an automatic manner, 

and it is therefore possible to view a terminal node as similar to a computer chip designed to 

perform the pattern-matching task. 

It is however, apparent in the description of computer functioning outlined earlier that 

computer chips are not capable of 'looking at' or 'examining' data in order to determine 

whether or not it matches. Computers do not 'recognise' and thus respond to meaningful 

patterns in available data. Instead, a computer component capable of pattern-matching 

requires input data to be in the form of electrical signals along existing input pathways. The 

determined 'result' of the pattern-matching process will be in the form of electrical signals 

sent along that component's various output lines. Nothing within this component will ever 

'know' whether or not a match has been achieved. There will simply be different output 

patterns according to the structural logic of the pattern-matcher. 

If the nature of a terminal node in the ACT* model was consistent with the computer 

metaphor, it would require 'activation' along input lines from currently active input memory 

structures. These 'input lines', joining declarative memory structures to terminal nodes, could 

conceivably correspond to neural connections within the brain. If each declarative memory 

node was linked to the appropriate terminal node in the pattern network, terminal nodes 

would not have to 'recognise' or 'identify' patterns in the data active in working memory. 

Once a declarative structure was activated, energy would automatically spread to the 

corresponding terminal nodes in the pattern network. Output from the logical network that 

would make up a terminal node would then spread along output lines (or neural pathways) to 

nodes at the higher levels of the pattern network. 

While such a model may provide a tenable explanation of the interface between 

declarative and production memory in ACT*, it does not represent a cognitive system of neural 

functioning. The terminal node would simply be a logical network the behaviour (output) of 

which is determined by its connectedness and input (stimuli). If it is presumed that the 

remainder of the pattern network (e.g. pattern nodes) functions in the same manner, then the 

'actions' that follow the firing of a top pattern node are not 'chosen', but simply follow 

automatically from the pattern of input (stimuli) arriving at the terminal nodes of the 

pattern-matching network. This is most certainly a behavioural model of mental functioning. 

Furthermore, the causal role of declarative memory structures under this interpretation 

of the ACT* model is nothing more than to provide a source of activation (input) for 

corresponding terminal nodes in the pattern-matching network. In other words, if a 

declarative memory node receives activation along its own input lines (neural input 

pathways), that activation will be passed on to associated terminal nodes in the pattern

matching network. Thus, if the ACT* model was consistent with the computer metaphor, 

nodes in declarative memory, like nodes in pattern memory, would be nothing more than 

junctions (or structured sets of junctions) through which energy will flow. The only causally 

significant aspect of such nodes would therefore be the manner in which they connect inputs 

(stimuli) to outputs (responses). If this were the case, then the ACT* model would simply be 

an example of a behavioural theory of stimulus-response mediation (Chapter Two). Note also 

that the semantic and representational role ascribed to 'nodes' in ACT*'s declarative memory 

would have no bearing upon the behaviour of the overall system. It would be their role as 
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stimulus-response junctions as opposed to their symbolic value that would be of causal 

significance. Similarly, if the pattern-matching network functioned according to the computer 

metaphor, the ability to 'match' or 'test' data that is ascribed to nodes in the pattern network 

(terminal and pattern nodes) would be of no causal consequence. Again it would be their role as 

junctions within the overall network that would be causally significant. Thus if the ACT* 

system, described in terms of both declarative and procedural memory, is to be analogous with 

computer functioning (and hence neurally plausible) then it will not exhibit cognitive notions 

of causality.and will be devoid of significant semantic content. 

If, however, Anderson contends that the ACT* system is in fact based upon semantic 

representation and processing and functions according to cognitive concepts of causality, then 

what is the nature of a component such as a terminal node? In order for the representational 

value of a declarative memory node to be of some causal significance, it is necessary for some 

entity to be conscious of its value and to act accordingly (Chapter Three). As was shown 

earlier, in a network of nodes that functions automatically and without such conscious 

awareness, the symbolic meaning of a node is of little consequence. The computer metaphor is 

thus of little help to the cognitivist who wishes to present a plausible model based upon 

semantic representation. An entity that can look at and be consciously aware of data is then of 

course, able to test and compare it according to its representational value. If a terminal node in 

ACT*'s pattern network was such an entity, it could scan the available data in working 

memory and compare it to its own primitive pattern. An entity that is proposed to behave in 

such a manner is of course, a true homunculus, exhibiting the very phenomena that it is 

intended to explain. 

Overall, it is apparent that aspects of the ACT* model suffer from the "Cognitivist's 

Dilemma", and the use of the computer metaphor provides no means of adequate resolution. 

The computer metaphor does, however, indicate a plausible interpretation of the ACT* 

model. Unfortunately for the cognitivist, the explanatory system resulting from this 

interpretation is distinctly behavioural. 

Conclusion 

Chapters Two and Three of this thesis outline some of the major logical problems inherent in 

the cognitive approach to theory development. All of these problems involve issues of 

causality in psychological explanation. It is argued in these chapters that the problems 

inherent in the cognitive approach are unresolvable and that any theory developed according 

to cognitive guidelines will be fundamentally flawed. 

The logical difficulties of the cognitive paradigm have been recognised for many 

decades. Such difficulties have been manifest in cognitive theory since the inception of 

cognitive forms of psychology. 

Recently the cognitive approach has undergone a revival and is now arguably the 

dominant theoretical paradigm in contemporary psychology. Its resurgence, however, does not 

imply that the traditional problems of the cognitive approach have been successfully 

resolved. Chapter Four provides evidence to the contrary. In this chapter it is shown that 

semantic network-based explanations, as examples of modern cognitive theory, remain unable 
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to provide adequate or unproblematic accounts of cognitive phenomena. The analysis provided 

in Chapter Four traces the chain of causality contained within network theories back to four 

key semantic processes. The means by which these processes carry out the task of causal 

meaning analysis is shown to remain unexplained. It is further argued that the cognitivist 

must leave such processes unexplained so as not to reveal the unavoidable infinite 

explanatory regress that is inherent in every instance of cognitive explanation. 

The incompleteness and explanatory inadequacy of such theories has not however gone 

unnoticed, and cognitivists realise that they must attempt to provide a plausible explanation 

for the behaviour of the various causal processes upon which their theories are based. 

Production system theories such as Anderson's ACT* are claimed to be cognitive theories 

which explicitly address the issue of cognitive causal processing. It is also claimed that such 

theories have been successful in providing a complete (finite) and independent causal model of 

certain aspects of psychological functioning. Thus, in spite of the fact that production system 

explanations continue to be based upon distinctly cognitive causal constructs, cognitivists 

contend that production system models successfully avoid the problems of the homunculus and 

infinite explanatory regress. Production system theory is therefore seen as evidence against 

the presence of inherent and unresolvable problems in the cognitivist paradigm. Cognitivists 

would claim that production system theory instead exemplifies the plausibility of the 

modem cognitive approach regardless of the problems evident in earlier cognitive theorising. 

It becomes apparent, however, in the analysis of production system theory presented 

here that production systems do not provide plausible accounts of psychological phenomena 

and do not succeed in resolving the traditional problems of the cognitive paradigm. The 

continued reliance upon cognitive causal constructs makes the production of incomplete or 

regressive explanation unavoidable. 

Production system theories, such as Anderson's ACT* (Anderson, 1983), are however 

significantly different from their cognitive predecessors. The form of cognitive theory has 

been altered in an attempt to develop automatic and hence plausible causal mechanisms upon 

which to base cognitive explanation. The analysis presented here indicates that these 

attempts are doomed to failure because production system theorists insist upon retaining a 

cognitive or rational view of causality. It is thus the "dilemma" of the cognitivist that the 

type of theory that must be developed in order to be plausible is incompatible with the basic 

causal assumptions of the cognitive position. 

The analysis presented in this chapter focuses upon the causal processes that underlie 

Anderson's ACT* production system model (Anderson, 1983). The "Cognitivist's Dilemma", 

and unsuccessful attempts to resolve it, has been shown to be manifest throughout every major 

aspect of the ACT* model. This theory is claimed to provide a cognitive model of mental 

processing that is without the need for an homunculus. The preceding discussion however 

shows that the homunculus is only removed if the "cognitive" aspects of the explanatory 

system are also removed. ACT* can thus be interpreted as plausible and non-cognitive, or 

cognitive and riddled with instances of incomplete or untenable causal explanation. As a 

cognitive theory then, ACT* exhibits the same set of problems that are present within every 

other example of cognitive theorising. Just as the arguments presented in Chapters Two and 



167 

Three predict, modern cognitive theories thus appear no less problematic than their 

predecessors. 

The opportunity has also been taken in this chapter to examine why cognitive 

psychology has been revived given that the logical objections to cognitive-based theories 

remain unrefuted. It is argued here that the resurgence of cognitive psychology, and 

especially the "information-processing paradigm", is due largely to the cognitivists' 

fundamental misunderstanding of the serial computer and its implications for models of 

mental functioning. In direct contrast to the conclusions drawn by the cognitivists who refer to 

the computer "analogy" or "metaphor", it is shown in the preceding discussion that the 

computer is in fact an instance of a behavioural rather than cognitive causal system. 

Not only are computers most accurately viewed as instances of a behavioural system, but 

is also shown in this chapter that production systems are best seen as instances of behavioural 

theory. Plausible interpretations of production system theory have been shown to exhibit the 

traits of behavioural theory. 

Overall then, production system theories such as ACT* have been heralded as the new, 

plausible form of modern cognitive theory. The analysis presented here indicates, however, 

that production system models continue to exhibit the logical problems traditionally 

associated with the cognitive paradigm. Such theories can thus do little to rectify the 

inadequacies of their cognitive predecessors. 



CHAPTER 6 

Conclusion 

Behaviourism has been replaced by cognitive science as the major dominant paradigm in 

psychology. This thesis has shown that the occurrence of this most recent paradigmatic shift 

does not conform to the accepted criteria for change within a rational science.1 The cognitive 

paradigm provides the most influential theoretical force in contemporary psychology in spite 

of the fact that behavioural theory remains potentially powerful and plausible, while 

modern cognitive theory continues to manifest the logical problems that have always been 

associated with the cognitive approach. This conclusion has been substantiated by the 

coherent set of arguments presented earlier. 

It was shown in Chapter Two that the assumptions and causal explanatory constructs of 

functional stimulus-response behaviourism allow for the production of powerful and plausible 

explanatory theory. More generally, it was also shown that the fundamental tenets of 

behaviourism provide guidelines by which unproblematic and useful psychological theory 

can be built. By way of contrast, it was argued in Chapter Three that the cognitive approach 

is based upon an inherently flawed set of explanatory causal constructs. It was further argued 

that the reliance upon such explanatory constructs ensures that any theory developed within 

a cognitive framework will be incomplete or untenable. 

Chapters Four and Five then provided evidence that, in opposition to cognitivist claims, 

modern cognitive theories fail to avoid the problems associated with the cognitive approach. 

Explanations of mental functioning and cognitive phenomena given by two influential 

examples of contemporary cognitive theory were outlined and analysed. These theories were 

shown to be either incomplete or implausible. The analyses performed in Chapters Four and 

Five also showed that any aspects or possible interpretations of modern cognitive theory that 

appear plausible are those modelled upon or consistent with the explanatory constructs and 

assumptions underlying behavioural theories. The plausible aspects of contemporary 

cognitive theories are those that do not rely upon cognitive causal constructs. 

1Criteria such as explanatory power and plausibility. See Chapter One. 
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Overall then, it can be concluded from these arguments that the demise of behaviourism 

and the resurgence of a cognitive approach in psychology is not attributable to deficiencies in 

behavioural theory, nor is it due to the proficiencies or new-found plausibility of the 

cognitive approach. The most recent paradigmatic shift within psychology cannot therefore 

be justified in terms of accepted criteria for change within a rational science. 

If the rise of cognitive psychology cannot be seen as a natural progression within a science 

operating according to rational criteria, to what can the cognitive resurgence be attributed? 

The preceding discussion provides two possible answers. 

First, if psychology is to be viewed as a rational science, it is possible to attribute the 

latest paradigmatic shift to the cognitivists' misunderstanding of the functioning of the serial 

computer and its implications for psychology. The initial development of cognitive science 

during the 1960's coincides with the first major development of the serial computer. As 

mentioned in Chapter Five, much of the face validity of the current information-processing 

approach comes from the perception of the computer as a concrete example of rule-based 

symbol manipulation. It is therefore possible that cognitivists' in the 1960's saw the newly 

developed computer as irrefutable evidence for the validity of their intuitively appealing 

notions of causality and mental functioning. 

As was shown in Chapter Five, this view of computer functioning is completely 

inaccurate. The rise of cognitive science can thus be attributed to logical errors in the 

cognitivists' use of the computer metaphor. The computer model provides no evidence to 

contradict the conclusion that the cognitive approach is based upon flawed assumptions and 

that its current dominance within psychology is therefore unjustifiable. 

If psychology is truly an instance of a rational science, once the currently dominant 

approach is found to be unjustifiable, presumably action would be taken to change the form of 

psychological explanation and investigation to one that is acceptable. Psychology, however, 

does not appear responsive to the rational arguments of those opposed to the currently 

accepted methods and forms of explanation. Perhaps then, psychology is not a rational 

science. This leads us to the second possible explanation for the current dominance of the 

cognitive paradigm. 

It is possible that cognitive science is dominant in psychology despite the lack of 

rational justification simply because rational criteria do not determine the current form of 

psychology. The idea that psychology has not, and does not, progress according to rational 

criteria has been proposed by researchers operating from a variety of philosophical 

standpoints.1 The arguments presented within this thesis support this view of psychology and 

of science in general. 

In order for science and psychology to be rational, the scientists and psychologists who 

determine the nature of these disciplines must behave or function in a rational manner. 

Chapters Two and Three show that idea of rational cognition and behaviour is fraught with 

difficulties. In contrast, it was proposed in Chapter Two that a behavioural and non-rational 

view of psychological functioning is far more plausible. It was argued that science (and hence 

1e.g, Laudan (1977), pp 122-123. See also Zuriff (1980), and Skinner (1953), pp. 432-433. 
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psychology) is nothing more than the functionally related set of responses exhibited by those 

who "do" science. The development and current form of science can therefore be explained 

according to the same principles used to explain the behaviour of an individual. That is, the 

current form of science can be seen as existing simply because it has survived, while other 

forms have not. Similarly, the currently accepted methodologies and criteria within science 

exist, not because they have been selected according to their merits, but simply because they 

have survived. The nature of science is therefore not "selected", and cannot be justified, 

according to rational criteria. 

What then of the current dominance of cognitive science within psychology? This 

dominance is certainly not explicable or justifiable in terms of the rational decision-making 

behaviour of psychologists. Instead, the recent rise of the cognitive paradigm is best 

explained according to ideas developed within the behavioural paradigm. The current 

dominance of cognitive psychology reflects the "natural selection" rather than rational 

selection of scientific form. 
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