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1 Introduction

How does memory work? How do we understand language, and produce it so that
others can understand? How do we perceive our environment? How do we infer
from patterns of light or sound the presence of objects in our environment, and their
properties? How do we reason, and solve problems? How do we think?

These are some of the foundational questions that cognitive psychology
examines. They are foundational partly because each concerns the nature of a basic
psychological ability, abilities that we often take for granted, yet which are vital to
our normal, healthy functioning and are key to our understanding of what it means to
be human. And they are foundational partly because they are important for
psychology as a whole, and not just cognitive psychology. For instance, how can we
hope to understand completely the behaviour of employees in an organization unless
we first understand their perceptions and memories, and how they reason and
attempt to solve problems? How can we understand the way in which people interact
to shape one another’s opinions if we do not understand how people understand and
process language, and how they make judgements?

Throughout this book, the various authors tackle these and other questions, and
show you how much of these foundations cognitive psychologists have so far
uncovered. The book begins with an exploration of perceptual processes, moves to a
discussion of categorization and language, through to memory, and then to thinking
processes. The last part of the book is devoted to wider issues: to topics that have
been thought to present a challenge to cognitive psychology — such as consciousness
and emotion —and to some of the themes and theoretical questions which pervade the
cognitive approach.

In this chapter, we try to answer the question “What is cognitive psychology?’
and, in so doing, outline some of the foundational assumptions that cognitive
psychologists tend to make, as well as some of the reasons why it is such an
important and fascinating subject — not least the fact that it raises many deep and
important questions concerning the mind. We consider some of the issues that have
attracted and continue to attract the interest of cognitive psychologists, and some of
the assumptions they make in order to develop models and theories. We also
consider the cognitive approach in general and the kinds of explanation cognitive
psychologists favour. We touch upon the relations between cognitive psychology
and other sub-disciplines of psychology, and those between cognitive psychology
and other disciplines (such as philosophy, computing, and linguistics).

There are many substantial issues that we only touch on — it is not easy to define
the relationship between two academic disciplines, for example — and so we only
hope to convey something of their flavour here. Our aim in this chapter is therefore
merely to introduce cognitive psychology, to explain some of its key distinguishing
features, and to uncover some of the many broad issues lying beneath its surface.
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You will obtain a richer and more complete overview of cognitive psychology from
reading subsequent chapters, and especially Chapter 17. You may find that the
current chapter raises as many questions as it answers and that, as your reading of
this book progresses, you periodically want to revisit this chapter to gain a better
understanding of issues that, on first reading, seemed hazy. If this chapter were only
to raise questions that you have in mind when you read subsequent chapters, and to
arouse your curiosity sufficiently that you periodically revisit this chapter, it will
have served its purpose well.

2 What is cognitive psychology?

What is cognitive psychology? Well, as with most questions, there can be short or
long answers. The short, though not uncontentious, answer is that cognitive
psychology is the branch of psychology devoted to the scientific study of the mind.
Straightforward as this may seem, to understand the nature of cognitive psychology
means digging deeper. And it is an excavation that raises all manner of substantial
and interesting issues — as diverse as the nature of normality and computation, and
the importance of individual differences and brain images.

ACTIVITY 1.1

Given the above definition that cognitive psychology is the scientific study of the
mind, take a few minutes to write down some of what you would expect its
characteristic features to be. For example, you might want to list what you take to
be the characteristic features of a ‘scientific’ approach within psychology generally;
and you might want to list some of the characteristic topics you would expect
cognitive psychologists to study.

Keep your list ready to refer to as you read the rest of this chapter.

Activity 1.1 raises a number of interesting questions about the nature and scope of
cognitive psychology. What does it mean for a psychology to be ‘cognitive’, for
example? Did your list make any reference to normality? Well, when we say that
cognitive psychology is the scientific study of the mind, this usually means
‘normally functioning human minds’. We can develop an understanding of the
normal human mind in various ways: by studying people with normal minds and
normal brains, for example; but also by studying people with abnormal minds or
abnormal brains too, by studying animals of other species, and even devices, such as
computers, with no brain at all. With respect to just this one issue — normality —
cognitive psychology is clearly a broad enterprise. Box 1.1 gives a brief illustration
of how evidence from people with brain damage can inform our understanding of
normal cognition. Don’t worry too much if you cannot follow all of the details at this
stage — just try to get a feel for how cognitive psychologists have tried to relate
evidence from brain-damaged patients to normal cognition.
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— 1.1 Research study —

Category-specific impairments |I: neuropsychological
methods

Warrington and Shallice (1984) describe four patients with specific impairments
in recognizing living things. Because the impairment was thought to be specific to
the category of living things, it has been called a category-specific impair-
ment. One patient, JBR, for example, experienced brain damage after suffering
from herpes simplex encephalitis. As a result, when asked to name pictures, he
correctly named only approximately 6 per cent of the pictures of living things, yet
around 90 per cent of the pictures of non-living things. Other patients, though
fewer of them, have been found to show an opposite impairment — that is, an
impairment primarily to the category of non-living things (Hillis and Caramazza,
1991).

These studies have suggested to researchers that, in normal cognition, the
categories of living and non-living things might be represented and/or processed
differently. For example, one suggestion, that has since been much debated, has
been that in normal cognition the functional and sensory properties of categories
are represented differently, and that living things tend to depend more on the
sensory properties, while non-living things depend more on functional properties
(Warrington and Shallice, 1984). The suggestion was also at first thought to help
explain why JBR, on the assumption that he has an impairment for sensory
properties, was also found to show impairments for some non-living categories,
such as the categories of musical instruments and foods.

‘Cognitive psychology’ can also be used to refer to activities in a variety of other
disciplines and sub-disciplines (did your list refer to other disciplines?). Some sub-
disciplines, like cognitive neuropsychology, developmental cognitive neuropsy-
chology, cognitive neuropsychiatry, and cognitive neuroscience, include the
cognitive signifier in their own titles. Others, such as behavioural neurobiology,
linguistics and artificial intelligence, do not; and some practitioners of these might
well object to finding themselves included under the cognitive psychology umbrella.
As you will see in Chapter 5, uncertainty and negotiation regarding membership are
characteristic of many if not all of our conceptual categories. Our advice is not to
worry too much about such definitional issues at this stage, and perhaps not even
later on. But one thing that is clear is that there is no easily identified boundary
between cognitive psychology and work carried on in other disciplines with which
cognitive psychologists frequently engage.

Your list of features of cognitive psychology may have referred to some of the
methods that cognitive psychologists employ: experiments, models (including
computer models), neuropsychological investigations, and neuroimaging (or brain
scans). Box 1.2 (overleaf) continues the discussion of category-specific impair-
ments, and describes a study that combines features of experimental and
neuroimaging methods.
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— 1.2 Research study —

Category-specific impairments Il: experimental and
neuroimaging methods

Devlin et al. (2000) combined features of experimental and neuroimaging
methods to investigate whether the categories of living and non-living things could
be associated with representations in different parts of the brain. One technique
they used was a lexical decision task. In this task, participants either hear or see
strings of letters (e.g. they might see the strings ‘warnd’ or ‘world’) and have to
judge whether each string is a word or not. Experimenters typically record both
the judgment made and the amount of time participants take to make their
response (perhaps by pressing the appropriate button on a keyboard or response
pad). Another task, that Devlin et al. called a semantic categorization task,
required participants, having seen three words presented one after another, to
judge whether a fourth word belonged to the same category as the first three.
Devlin et al. carefully matched words for word frequency and letter length. Whilst
performing the lexical decision and semantic categorization tasks described
above, participants were scanned using positron emission tomography (PET)
technology. Another group of participants performed the semantic categoriza-
tion task using pictures that were matched for visual complexity; these
participants were scanned using functional magnetic resonance imaging (fMRI)
technology. Both of these scanning technologies enable experimenters to identify
regions of the brain that are particularly active during the performance of a task.
Ceritically, Devlin et al. found no differences between the categories of living and
non-living things in terms of active regions of the brain in either the PET study or
the fMRI study (see colour Plates | and 2). So the differences in respresentation
discussed in Box |.I may not be associated with different brain regions (or
perhaps these techniques were not sensitive enough to detect such differences).

Box 1.3 describes a study employing cognitive modelling methods to examine
category-specific impairments.

— 1.3 Research study —
Category-specific impairments lll: cognitive modelling

Greer et al. (2001) developed a computational model based on the assumption
that living things and non-living things were not represented in qualitatively
distinct ways, but differences between them arise because living things have many
shared properties that are strongly correlated (all mammals breathe, have eyes,
etc.), whereas the properties of non-living things tend to be more distinctive.
Greer et al. developed a form of computational model, called a connectionist
network, which encoded these differences between living and non-living things.
The model contained three kinds of units organized in three layers, as shown in
Figure 1.1.
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Semantic output (368)

Hidden units (50) Eigl.ll"e 1.1  Architecture ofGrger et al’s connec-
tionist network. The semantic input layer repre-
sents properties of categories. The network was
trained until it could reproduce in the output layer
the same pattern presented to its input layer.
Arrows imply that every unit in a layer is connected
to every unit in the subsequent layer. Numbers
Semantic input (368) indicate the number of units in each layer

Source: Tyler and Moss, 2001, Figure |, p.248

However, information about the categories was distributed over the network’s
units in such a way that it was not possible to associate individual units with either
living or non-living things. Greer et al. then artificially lesioned or damaged their
network by removing 10 per cent of the network’s connections at a time. They
found that the shared properties of living things were more impervious to damage
than those of non-living things, as shown in Figure 1.2.
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Figure 1.2 The results of ‘lesioning’ the model to simulate brain damage. As
predicted by Greer et al., the shared properties of living things were better preserved
than the shared properties of non-living things, owing to the greater correlations
between them

Source: Tyler and Moss, 2001, Figure I, p.249
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Boxes 1.1 to 1.3 illustrate some of the methods that will be referred to throughout
this book, and about some of which we will say more later. But, perhaps more
obvious than any of these issues, Activity 1.1 raises the question of the subject matter
of cognitive psychology. What is it that cognitive psychologists study?

An easy way of answering the question (and one you might have adopted for
Activity 1.1) is scanning this book’s table of contents. This will give you a good idea
of the topics cognitive psychologists typically study, as, of course, will previous
study of psychology. Certainly, the topics of perception, attention, language,
categorization, reasoning, problem solving, and memory are central to the study of
cognition. And cognition has broadened to include topics that have not always been
seen as readily amenable to a cognitive approach (e.g. consciousness and emotion).
The subsequent chapters will have much more to say about these issues than we can
here. Activity 1.2 provides another way of thinking about the topics that interest
cognitive psychologists.

ACTIVITY 1.2

At this moment your behaviour involves getting information from this book. Your
eyes may be scanning across the page and detecting patterns of colour, and light and
shade; or, if you are listening to this book on audio CD or it is being machine-read
from an electronic copy, your ears will be detecting sound waves of varying
intensity and pitch. Your behaviour can also be seen in a wider context: it is just one
aspect of what is involved in studying psychology. Take a few minutes to jot down
your explanation for your behaviour: if someone were to ask why you are behaving
in the way you are, what would your answers be! Try to think of many different
ways of answering the question. List too any processes that you think might be
going on in your mind — how would you describe them?

COMMENT

The first thing to note is that your behaviour can be explained in many different ways.
For example, you might have noted that your reading is bound up with a feeling of
elation — perhaps you love studying cognitive psychology — or a feeling of anxiety —
perhaps you are uncertain of obtaining a good course grade. Your explanation adverts
to emotions. Perhaps you jotted down as an answer that you reasoned that you ought
to read this book since you want to do well on your course. Perhaps doing well on
your course is part of a strategy to reach a goal, or solve a problem such as how to
improve your qualifications. You might also have suggested that you decided to read
this book — perhaps faced with different ways of spending your time, you judged that
this would be the most beneficial (we'll try not to let you downl). You might have
thought there are processes going on in your mind to do with reasoning, problem
solving and decision making.

[t might be that you are reading this chapter for a second time because you want to
make sure you remember it. So, your explanation adverts to memory, and the processes
that are responsible for things being remembered (and forgotten).

How else might you have explained your behaviour? You might have suggested that
you were trying to understand the chapter; that you behaved the way you did because
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you were involved in understanding words, phrases, and sentences. You may have
indicated that there must be processes for understanding language. Perhaps there
were other explanations you offered. Maybe you explained your reading of the book
by saying ‘That is what books are for’' —because you categorized it as a book. Maybe you
suggested you were scanning your eyes across the page in order to perceive and
recognize words. And, just maybe, you suggested that your behaviour was happening
because you were paying attention, and not being distracted by a telephone or a door
bell.

The words in emphasis in the previous paragraphs all provide important means for
explaining behaviour that are used by cognitive psychologists, and are all major topics
of this book.

Activity 1.2 shows how everyday behaviour can be explained in a number of
different ways, and as involving many different kinds of cognitive process. In fact,
all of the types of explanation referred to in the comment on Activity 1.2 are ones that
will be developed at some length in this book. However, a corollary of the
observations made in Activity 1.2 is that cognitive psychologists try to devise
studies that isolate the particular cognitive processes under investigation — for
example, a researcher interested in language processing will try to devise their
studies so that they measure language processes only, and are not unwittingly
influenced by other processes, such as emotion or reasoning. Consider also how the
studies referred to in Boxes 1.1 to 1.3 try to focus exclusively on the issue of category
specificity. Indeed, it is a general strategy within cognitive psychology to try to
isolate particular cognitive processes for further investigation. Table 1.1 lists some
prevalent assumptions to which this strategy gives rise.

Table 1.1  Assumptions commonly made in the cognitive approach

| [t is assumed that cognitive capacities can be partitioned such that individual
capacities can be studied in isolation (e.g. so that language can be studied in
isolation from memory)

2 Cognitive psychology tends to focus on the individual and their natural
environment (relatively de-emphasizing the roles of culture and society)

3 Cognitive capacities are assumed to be relatively autonomous from non-
cognitive capacities (e.g. affect, motivation, etc.)

4 It is assumed that it is useful (and meaningful) to distinguish ‘normal’ from
‘abnormal’ cognition

5 Adults are assumed to be sufficiently alike that we can talk of a ‘typical cognizer,
and generalize across cognizers, ignoring individual differences

6 Answers 1o basic, empirical questions can be given in terms of information
processing

7 Answers 1o basic, empirical questions should be justified on empirical grounds

8 Answers to the basic, empirical questions must be constrained by the findings of

neuroscience (as and when these are relevant)

Source: adapted from Von Eckardt, 1993, pp.54-5
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Summary of Section 2

e Cognitive psychology can be characterized as the scientific study of the mind.

e Cognitive psychology can be characterized in terms of its methods:
— experimental studies of normal cognition

— neuropsychological studies that relate normal to abnormal cognition

— neuroimaging studies that reveal the location and/or the time course of
brain activity

— computational models which can be tested and compared with
experimental data.

e Cognitive psychology can be characterized in terms of its subject matter (see
the table of contents for this book).
e Everyday behaviour involves multiple cognitive processes:
— cognitive studies tend to isolate one process or set of processes for
study.

3 A brief history of cognitive psychology

Cognitive psychology did not begin at any one defining moment, and there are many
antecedents to its evolution as a branch of enquiry. In this section we will briefly
sketch some of those antecedents and try to indicate how and why they resulted in the
development of what today we call cognitive psychology. However, all written
history is necessarily selective and simplified, and a historical account as brief as the
one we are about to give must be especially so. We start with introspectionism.

3.1 Introspectionism

Modern experimental psychology has its roots in the work conducted in Europe in
the mid nineteenth century by such people as Donders, Fechner, Helmholtz and
Mach. When Wundt established the first dedicated psychology laboratory in Liepzig
in 1879, he sought to build upon the efforts of these pioneers. He took consciousness
to be the proper subject matter of psychology. According to Wundt, physical
scientists study the objects of the physical world either directly or, more often,
through observation of the readings on instruments. In either case, observation is
mediated by conscious experience, but for physical scientists things in the world are
the object of study not the conscious experience by means of which we know them.
Psychology would be different in that it would take as its subject matter conscious
experience itself.

Wundt adopted introspection as a research method, believing that properly
trained psychologists should be able to make observations of their own experience in
a manner similar to the way properly trained physicists make selective observations
of the world. Wundt fully understood the need to design experiments with adequate
controls and to produce replicable results. He also made use of objective measures of
performance, such as reaction time (RT). The focus of his interest, however, was the
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conscious experience that preceded the response. For example, if one condition in an
experiment yielded longer RTs than another, he wanted to know how the two
preceding conscious experiences differed. Wundt was not concerned with the
unconscious processes involved in responding to a simple stimulus — the rapid
information-processing operations that, as you will find in the following chapters,
form much of the subject matter of modern cognitive psychology. He considered
these to lie in the realm of physiology rather than of psychology.

In opposition to Wundt’s Liepzig school was the Wiirzburg school of
introspection. Its leader, Kiilpe, was a former student of Wundt’s, who with his
colleagues and students developed an alternative view of conscious experience and
what could be revealed by introspection. We can characterize the main difference
between the two schools in terms of a distinction that will be more fully introduced in
Chapter 3 in relation to the topic of perception, although the protagonists would not
have used these exact terms themselves. Put simply, the Liepzig school held that the
contents of consciousness are constructed ‘bottom-up’ from simple sensations
combined in accordance with the strength of association between them (something
like the connectionism you can read about in Chapters 4, 16 and 17). The Wiirzburg
school, on the other hand, held that the contents of consciousness are determined in a
much more ‘top-down’ fashion by the nature of the task that one is engaged upon.
Kiilpe and his colleagues sometimes studied simple tasks, but tended to favour more
complex ones in which mental acts such as attending, recognizing, discriminating
and willing played a larger role.

Introspectionism went into a terminal decline during the first two decades of the
twentieth century. The details of the many unresolved disagreements between the
two schools of introspectionism need not detain us here, but it is worth noting two
things. First, the introspectionists developed elaborate classifications of conscious
experience, a topic that has quite recently begun to attract the attention of
psychologists once again (see Chapter 15). Second, although psychologists began to
lose interest in consciousness during those two decades, the exploration of
consciousness still remained central to developments in the visual and literary arts
(e.g. cubism and expressionism in painting, and James Joyce, Virginia Woolf and
Gertrude Stein in literature).

3.2 Gestalt psychology

The perceived failures of introspectionism provoked a number of intellectual
reactions. In Europe, the gestalt psychologists built upon the work of the Wiirzburg
school and argued that the contents of consciousness cannot be analysed into simple
component sensations. According to Wundt, the perception of movement results
from a sequence of sensations corresponding to an object occupying successive
locations over time. However, Wertheimer argued in 1912 that ‘pure movement’ can
be perceived directly; it does not have to be ‘inferred’ from changes in the location of
an object. A good example is when we see the wind gust through grass. Blades of
grass bend in succession but no blade changes location. What we perceive is pure
motion (of the invisible wind) without a moving object. (Modern studies show that
motion perception can, in fact, arise either on the basis of the changing location of an
object or from successive changes across space without a moving object.) Gestalt
psychologists also emphasized the importance of the perception of stimulus
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patterning to our conscious experience. A tune played in one key on one sort of
instrument remains the same tune when played in another key or on a different
instrument. Since the notes, or the sounds making up the notes, have changed in each
case, there must be more to the tune than can be found by an analysis into simple
auditory sensations. The tune is in the perceived relationships between the notes,
their patterning.

Meanwhile, in the USA, William James opposed introspectionism with his
“functionalist psychology’. Sounding remarkably like an exponent of what is now
called evolutionary psychology, James stated that, ‘Our various ways of feeling and
thinking have grown to be what they are because of their utility in shaping our
reactions to the outer world’. These functions of the mind were, in James’s view, the
proper subject matter for psychology. Perceiving and thinking, grief and religious
experience, as psychological functions, were themselves to be the focus of interest,
rather than the evanescent contents of consciousness on which the introspectionists
had fixated. However, James’s ideas were soon to be largely swept aside by another
and more powerful current in US thought, which was behaviourism.

3.3 Behaviourism

The founders of behaviourism were driven by various motives, not all shared in
common. Watson, the principal standard-bearer for the new kind of psychology, was
especially keen to move psychological research out of the laboratory and into ‘the
real world’. He was less interested in fine distinctions of conscious experience than
in how people act in everyday life, and in how they can be influenced. He wanted to
see psychological knowledge applied to education, clinical problems and
advertising, and he initiated work in all these areas. Not all behaviourists were as
zealous as Watson when it came to applying psychology, but one beliefthey did have
in common was that psychology should be scientific and objective; and by this they
meant that its subject matter should be publicly observable. Consciousness is (at
best) only privately observable; it is not publicly observable. What is publicly
observable is behaviour and stimuli. So psychologists such as Thorndike, Watson
and, later, Skinner, Eysenck and others argued that psychology should be scientific
in its approach, and should seek to explain behaviour through reference only to
stimuli. The emphasis on public observation was intended to place psychology on an
objective footing, akin to the natural sciences like physics and chemistry, and it
reflected a wider philosophical consensus as to the proper nature of scientific

enquiry.

3.3.1 Science and the unobservable

In all human efforts to comprehend the world there is a tension between, on the one
hand, observable events and, on the other hand, the often encountered need when
explaining them to postulate unobservable theoretical entities and forces, whether
gods or atoms. This tension is central to science. A key idea in the development of
science has been that knowledge should be empirical, based on experience not on
received wisdom or purely rational calculation. Observation is one of the
touchstones of science, but scientific theories also refer to unobservables. The
explanation that physics offers for an apple falling to Earth invokes the notion of a
gravitational force, something that is not directly observable. Similarly, in
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explaining why a compass needle points to magnetic north, physicists talk of
magnetic fields, and lines of magnetic force. But these things too are unobservable. If
you have ever placed iron filings near a magnet, you will see that they will move to
orient themselves along the lines of the magnetic field. But, strictly, we don’t observe
the magnetic field, nor the lines of magnetic force, but rather their influence upon the
iron filings. All natural sciences employ unobservable, theoretical constructs that are
invoked in order to explain observations. For example, chemistry appeals to notions
such as the energy levels of electrons in order to explain why compounds react.
These levels are unobservable too, of course. So, the fact that a discipline is
committed to explaining observed behaviour by reference to hypothesized,
unobservable constructs does not in itself render the discipline unscientific.

But to find scientific acceptance, unobservable constructs have to be seen to do
useful theoretical work. When Newton proposed the notion of a gravitational force,
certain critics immediately accused him of introducing a mystical notion into ‘the
new science’. Newton’s ideas gained acceptance only because they met other
scientific criteria — such as elegance, simplicity and rigour — and because the concept
of gravitation, despite its somewhat mysterious nature, had a wide range of
application. Gravitation explained not just the fall of objects to the ground but also
the rthythm of the tides and the movements of the planets. It could also be precisely
formulated mathematically as an inverse square law: the attraction between any two
bodies varies as the square of the distance between them. In other words, the
willingness of the scientific community to countenance a hypothetical unobservable
depends on how useful it is judged to be on a range of criteria.

Science has had to live with the necessity for unobservables. But acceptance
through necessity is not liking, and science always receives a boost when a technical
breakthrough for the first time brings a previously unobserved entity into the realm
of observation. For example, Mendel postulated “units of heredity’ on the basis of his
plant-breeding observations, but these ideas were felt to be on a firmer footing once
new technology made it possible to see chromosomes and genes. Thus, scientists are
forced somewhat grudgingly to accept the need for postulating unobservables. And
because science — like all human institutions — is subject to swings of fashion, the
willingness to countenance unobservable theoretical entities fluctuates over time.
For reasons which we are unable to describe here, but which were rooted in the
growing crisis of classical physics that would culminate in the birth of quantum
theory and relativity theory, the late nineteenth and early twentieth century was a
period during which scientists were particularly intolerant of unobservables. The
importance of observation became enshrined in the assumption known as
operationism. This is the idea that theoretical concepts are only meaningful to the
extent that they can be exhaustively analysed in terms of things that can be observed.

3.3.2 Back to behaviourism

The bias against unobservables affected all the traditional sciences and also the
newer, aspirant scientific disciplines such as physiology and psychology. The
introspectionists, with their ‘observations’ of consciousness, had responded to it, but
the intellectual climate seems to have been especially suited to propagating an
emphasis on what could be publicly observed. With the decline of introspectionism,
behaviourism was taken up enthusiastically, first in the USA and then more widely.
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While behaviourists could, perhaps, concede the existence of consciousness
while arguing that it was not appropriate for scientific study, at least some of them
felt that operationism committed them to the stronger claim that talk of
consciousness was not even meaningful. Of course, behaviourism has never been
a single view, and since the time of Watson and Thorndike behaviourists of various
hue have modified their positions. Skinner, for example, conceded that internal
mental events, including conscious experiences, might exist (indeed they were
construed as forms of covert behaviour). But despite this rejection of operationism,
even Skinner still thought that talk of internal events should be avoided within a
scientific psychology.

You might think that avoiding talk of internal events might make it impossible to
explain many, or even most, psychological phenomena. However, behaviourists
were concerned to show how even complex phenomena might be understood in
terms of principles of learning, with behaviour seen as made up of learned responses
to particular stimuli. One view of language production, for example, was that the
utterance of a word could be seen as a learned response. The utterance of a whole
sentence could be seen as involving a chain of stimulus—response pairs, in which
each response (the utterance of a word) also serves as the stimulus that leads to the
production of the next response (the next word).

Despite the possibility of giving behaviourist explanations of complex activities
such as the utterance of a sentence, behaviourists tended not to offer accounts of
what we now refer to as higher mental processes — processes such as producing and
understanding language, planning, problem solving, remembering, paying attention,
consciousness and so on. As the years passed, however, some psychologists came to
see this as a major failing.

3.4 The return of the cognitive

In 1948, at a meeting known as the Hixon symposium, Karl Lashley gave a talk
entitled ‘“The problem of serial order in behaviour’ (Lashley, 1951). In this, he gave
prominence to the problems posed for behaviourist accounts by complex actions in
which behaviour segments are somehow linked together in a sequence, and where
two segments depend upon one another, even though they may be separated by
many intervening segments. Language, as you might have guessed, provides a prime
example. In fact, the last sentence illustrates the point nicely: when I came to write
the word ‘provides’ in the previous sentence I chose to end it with the letter ‘s’. I did
s0, of course, because this verb has to agree grammatically with the singular noun
‘language’, the subject of the sentence. In my actual sentence, these two words were
separated by a clause, and so my action at the time of writing the word ‘provides’
depended upon a much earlier behaviour segment — my writing of the word
‘language’. Lashley argued that since the production of some words in a sequence
could be shown to depend upon words produced much earlier, the simple view that
each word is the stimulus that produces the subsequent word as a response could not
properly explain language production.

He also argued that many behaviour sequences are executed simply too rapidly
for feedback from one segment to serve as the trigger for the next. He cited examples
such as the speed with which pianists and typists sometimes move their fingers, or
with which tennis players adjust their whole posture in response to an incoming fast
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service. Lashley’s alternative to the chaining of behaviour segments was to suppose
that complex sequences are planned and organized in advance of being initiated. The
speech errors discussed in Chapter 7 of this book provide especially compelling
examples of the kind of planning and organization that underlie skilled behaviour.

Lashley’s view that behaviourism could not properly explain how people
produce (or comprehend) language was later reinforced by a review of Skinner’s
book Verbal Behavior (1957) by the linguist Noam Chomsky (1959). Chomsky
argued, contra behaviourism, that language could not be thought of as a set of
learned responses to a set of stimulus events. His argument had a number of different
aspects. For example, he argued that children seem to acquire their first language too
effortlessly — if you have tried to learn a second language you can perhaps testify to
the difference between learning a first and learning a second language. While the
latter seems to require intensive and effortful study, the former is something that
pretty much everyone does without the need for formal schooling. He also argued
that if the behaviourists were right, then exposing children to impoverished or
ungrammatical language should hinder their learning of the correct stimulus—
response relationships. Yet studies show that much of the speech to which young
children are exposed is indeed ungrammatical and otherwise impoverished, and this
in no way prevents them from learning the grammar of their native tongue. Similarly,
he argued that general intelligence ought to influence the learning of stimulus—
response relationships. Again, however, intelligence does not seem to influence
whether or not children learn the underlying grammatical rules of their language.
Chomsky presented many other arguments to the same effect, and though many of
these have been thought to be contentious, his position was extremely influential in
setting up an alternative, cognitive conception of language. Most significantly,
Chomsky proposed that language is rule-based and that, far from children learning
language by learning how to respond to particular stimuli, their acquisition of
language involves acquiring its rule-base. On this view, my being able to write
grammatical sentences involves deploying my (generally implicit, or unconscious)
knowledge of the rules of language. In referring to such implicit knowledge,
Chomsky proposed that an understanding of how people produce, comprehend or
acquire language will necessarily involve reference to something that cannot be
directly observed — their knowledge of the underlying rules, or organization, of the
language.

Although this emphasis on the role of planning, organization and rules in the
generation of behaviour was to be hugely influential from the 1950s onwards, these
ideas were certainly not new to psychology. As mentioned previously, the gestalt
psychologists had drawn attention earlier in the century to the importance of
patterning, or organization, for perception, and the same point was also made in
relation to action. Someone who has learned to sing or hum a tune can very probably
manage to whistle it thereafter. Yet singing, humming and whistling call for very
different sequences of muscle movements. This indicates that learning a tune must
involve learning a set of abstract relationships between notes which can be
instantiated as any of a variety of muscular productions. A similar idea, that what is
learned must often be more abstract than straightforward stimulus—response
connections, was also expressed by the school of ‘cognitive behaviourists’
associated with Tolman (1932). Rats that had learned, for example, repeatedly to
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turn left in a maze to find food were shown to swim left when the maze was flooded.
Since the muscle movements of running and swimming are completely different
from one another, the rats must clearly have learned something more abstract than a
particular chain of muscular responses.

Even before the writings of the gestalt psychologists or the work of Tolman,
psychologists studying the acquisition of skills had realized the importance of
planning and organization for the production of skilled behaviour, such as in morse
telegraphy or typing (Bryan and Harter, 1899). At the time of the Hixon symposium,
therefore, there were already existing traditions within psychology upon which the
renewed interest in the planning and structure of behaviour could draw. And, of
course, the intellectual climate of the mid twentieth century was changing rapidly in
many other ways too. New technologies were influencing the ability of scientists to
conceptualize the workings of complex systems. One of the most crucial issues
related to the type of causal explanation that is appropriate to explain the behaviour
of'such a system. Purposive, or teleological, explanations had been taboo in Western
science since the time of thinkers such as Galileo and Newton. Where, for example,
an ancient Greek philosopher might have said that a stone falls to earth ‘in order to’
reach its natural resting place at the centre of the earth (which was also the centre of
the Greek universe), Newton said that the stone falls because it is acted upon by the
force of gravity. The strategy of explaining phenomena in terms of causes that
precede and ‘push’ their effects, rather than in terms of goals, or final states, towards
which events are ‘pulled’, had proved highly successful in the physical sciences. The
move from goal-directed, purposive explanations to mechanical cause-effect
explanations was usually considered to be a move from prescientific, animistic
thinking to proper scientific thinking. Behaviourism was, and still is, an attempt to
bring psychology into step with this way of analysing phenomena. A strict emphasis
on an organism’s history of conditioning allows an explanation of behaviour in terms
of prior causes rather than of future goals. However, the development of
progressively more complex artificial devices started to call into question the
universal applicability of explanations in terms only of prior causes. It became
increasingly clear that, while the functioning of the mechanical parts of any such
system can be explained in cause-effect terms, such explanations will never capture
the function (or purpose) of the whole system.

Central to the new kind of apparently purposive machines (known as
servomechanisms) was a reliance on feedback loops. Feedback is information
about the match or mismatch between a desired goal-state and an existing state of
affairs. The classic example is the domestic central heating system, in which the
thermostat setting selected by the householder is the goal-state and the temperature
measured by an air thermometer is the existing state. The two are compared
mechanically. If the existing temperature is less than the desired temperature, this
negative feedback is transmitted to the boiler controls causing the boiler to be
switched on. The boiler continues to fire until information has been fed back to the
boiler controls that the discrepancy between the actual and desired temperatures has
been eliminated. The system as a whole exhibits a simple but dynamic behaviour,
with the boiler turning on and off in a manner that maintains room temperature at or
about the desired level. Importantly, the function of maintaining a steady
temperature cannot be localized to any one component of the heating system, such
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as the thermostat, the thermometer, the boiler or its controls, but is a property of the
system — as a whole.

Far more complicated servomechanisms with more complex feedback controls
were also being developed. Anti-aircraft gunnery may not seem very pertinent to an
understanding of animal and human behaviour, but it was partly as a result of
working on gunnery problems in the Second World War that the mathematician
Norbert Weiner developed the notion of ‘cybernetics’, the science of self-governing,
or goal-directed, systems. Accurate anti-aircraft gunnery requires that a projectile is
fired, and timed to explode, not at the present location of the target aircraft but at its
future location. This means not only predicting the future position of the plane but
also rotating the gun so it faces in the appropriate direction and with the correct
elevation. Clearly, humans successfully extrapolate flight paths and aim at future
positions when, for example, shooting game birds. However, for planes flying at
ever greater heights and speeds, calculation of the necessary trajectory of the
projectile exceeds human capabilities and must be computed automatically.
Moreover, using motors to move a gun weighing many tons is a very different
matter from moving a shotgun, or indeed a bow and arrow, held in your arms.
Although we are mostly unconscious of it, normal bodily movement is based upon
continuous muscle, tendon and visual feedback about how the movement is
proceeding. Unless similar feedback is designed into the gun control system, the
swinging anti-aircraft gun may easily undershoot or overshoot the intended position,
particularly as, depending on the air temperature, the grease packed round the
mechanism will be more or less ‘stiff”. Apply too little power and the gun will
undershoot the intended position, a second push will be required and the gun will
‘stutter’ towards its position. Apply too much force and the gun will overshoot, and
will have to be pulled back, in what can turn into a series of increasingly wild
oscillations. Engineers discovered that the smoothest performance was achieved by
using feedback loops to dynamically control the turning force applied to the gun.

Weiner, and other cyberneticists such as Ashby, recognized the importance of
feedback and self-correction in the functioning of these new and complex
technological devices, and they also saw analogies with complex natural systems.
Weiner drew parallels between the effects of certain neurological conditions and
damage to the feedback control of behaviour. For example, the tremors observed in
Parkinsonian patients were likened to the oscillations of an anti-aircraft gun when its
movement is insufficiently ‘damped’ by feedback control.

An important intellectual leap for cognitive psychology came with the realization
that just the same kind of analysis can be applied at any level of behavioural control.
In other words, it is not just automatic homeostatic functions or unconsciously
executed movements that can be analysed in terms of feedback loops but any
function/behaviour from the wholly non-conscious to the fully conscious and
intended. Miller et al. (1960) developed the notion of feedback control into the
hypothesis that behaviour (of animals, humans or machines) can be analysed into
what they called TOTE units. TOTE stands for Test-Operate-Test-Exit. A test is a
comparison between a current state and a goal-state. If a discrepancy is registered,
some relevant operation intended to reduce the discrepancy will be performed (e.g.
switch on the boiler). A second test, or comparison, is then conducted. If a
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discrepancy remains, the operation can be repeated, followed by another test. If the
discrepancy has been eliminated, the system exits the TOTE unit.

Miller et al. conceived of the TOTE unit as an advance on the conditioned reflex
notion of Pavlov and the conditioned response notion of Watson and Skinner, both of
which can be conceptualized as TOTEs. The aim was to develop a unit of analysis of
behaviour that could apply to everything from a dog’s conditioned salivatory
response to deliberate, planned action. The TOTE provides a basic pattern in which
plans are cast; the test phase specifies what knowledge is necessary for a comparison
to be made, and the operation phase specifies what the organism does about the
outcome of the comparison. Although this scheme makes it possible to talk about
purposive behaviour, and about unobservable goals and comparison operations,
there is continuity from behaviourism. Cognitive psychology generally attempts to
retain the scientific rigour of behaviourism while at the same time escaping from the
behaviouristic restrictions in relation to unobservables.

An important property of TOTEs is that they can be nested within hierarchies.
The operation segment of any TOTE can itself be composed of one or more TOTE
units. For example, the TOTE for starting the car might be nested within the
operation of a larger TOTE for driving to the shops, which might itself be nested
within a still larger unit having the goal of buying a present. This nesting of feedback
loop units provides a way to conceptualize how behaviour can be complexly
structured. In this scheme, moment-to-moment control of behaviour passes in
sequence between a series of TOTE goal-states, with the TOTE units themselves
nested in hierarchies. Miller er al. explicitly likened this ‘flow of control’ of
behaviour to the way in which control in a computer program switches in orderly
fashion from command line to command line as the execution of any particular
subroutine is completed. (Note: what ‘flows’ around a TOTE can be energy,
information or, at the highest level of conceptual abstraction, control.)

3.4.1 Computers and the mind

Another development in the mid twentieth century with a huge import for the
development of cognitive psychology was the opening up of a new field concerned
with the possibility of designing and then building computers. Building on earlier
work that developed a formal, or mathematical approach to logical reasoning,
Claude Shannon in 1938 showed how core aspects of reasoning could be
implemented in simple electrical circuits. In the 1940s, McCulloch and Pitts
showed how it was possible to model the behaviour of simple (and idealized)
neurons in terms of logic. Taken together, these developments suggested something
that at the time seemed extraordinary — that the brain’s activity could, at least in
principle, be implemented by simple electrical circuits.

In parallel with these developments, the 1930s and 1940s saw pioneering
theoretical developments in computation and information processing. Turing, in
1936, developed an abstract specification for a machine (a Turing machine) that
could compute any function that in principle could be computed. In the 1940s,
Shannon and Weaver used the tools of mathematics to propose a formal account of
information, and of how it could be transmitted.

Technological progress was also rapid. In 1941, Konrad Zuse of Berlin
developed the world’s first programmable, general-purpose computer. In 1943,
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Colossus, a special-purpose computer designed to break wartime codes, became
operational at Bletchley Park, in Buckinghamshire. In 1946, John von Neumann
articulated a set of architectural proposals for designing programmable, general-
purpose computers. These were adopted almost universally and computers have
since also been known as von Neumann machines. In 1948, the Manchester
University Mark 1 programmable, general-purpose computer became operational
and, in 1951, Ferranti Ltd began producing, selling and installing versions of the
Manchester Mark 1 — the world’s first commercially available, programmable,
general-purpose computer.

These developments, fascinating though they were in their own right, also
seemed to carry important implications for our understanding and study of the mind.
They appeared to show, for instance, that reasoning, a central feature of the human
mind, could be implemented in a digital computer. If that were the case, then not only
could the computer be used as a tool to aid our understanding of the mind, but the
question would also arise as to whether minds and computers are essentially alike.
Indeed, in 1950, Turing proposed a test — the Turing test — by which he thought we
should judge whether two entities have the same intelligence. Turing believed that,
should the situation ever arise whereby we could not distinguish the intelligence of a
human from the ‘intelligence’ of a computer, then we ought to concede that both
were equally intelligent. Moreover, since we are in agreement that humans are
capable of thought, we also ought to concede that computers are also capable of
thought! Box 1.4 (overleaf) outlines the Turing test and considers what it might take
for it to be passed.

Turing’s position remains controversial, of course, though it certainly captured
the imagination of the time. In 1956, at the Dartmouth Conference (held in
Dartmouth, New Hampshire), John McCarthy coined the phrase ‘Artificial
Intelligence’ (or Al). He founded Al labs at MIT in 1957, and then at Stanford in
1963, and so began a new academic discipline, predicated on the possibility that
humans are not the only ones capable of exhibiting human-like intelligence.

You have now been introduced to a variety of the influences that go to make
up cognitive psychology. Cognitive psychology inherits some of the behaviourist
concerns with scientific method. Throughout this book you will see that almost
constant reference is made to systematic observations of human behaviour (and
sometimes animal behaviour too). Almost every chapter will present the results of
empirical investigations, and these are fundamental in guiding our understanding.
But cognitive psychology rejects the exclusive focus on what is observable. As
Chomsky implied, understanding the mind requires us to consider what lies
behind behaviour — to ask what rules or processes govern the behaviour we
observe. Each chapter will also consider the extent to which we understand how
the mind processes information, and how that information is represented.
Cognitive psychology also has a major commitment to the use of computers as a
device for aiding our understanding of the mind. First, computers are used as
research equipment to control experiments, to present stimuli, to record responses
and to tabulate and analyse data. Second, computers are also used as a research
tool — if we can implement reasoning in a computer, for example, we may gain
insight into how reasoning might be implemented in the brain. So, most of the
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— 1.4
The Turing test: can computers think?

Turing proposed that we could determine whether a computer can think by
judging whether it succeeds in what he called the imitation game. In the game
there are three participants, two humans (A and B) and a computer (C). The
arrangement of the participants and the communication flow between them is
schematically indicated in Figure |.3.

The participants are positioned in

E < separate rooms, so each one is unable
' ED to see, hear or touch the others.
g Sl However, one of the human partici-

\ pants (A) is connected via a VDU
terminal connection to the other hu-

\ é / man participant (B) and also to the
computer (C). A can communicate

' electronically with both B and C. The

goal for A is to ascertain which of B and
Figure 1.3 The arrangement of the C is the computer, and which the
participants in Turing’s imitation game human. The goal of B, the other human,

is to assist A in making the correct
identification (perhaps by trying to appear as human as possible). C’s goal, by
contrast, is to lead A into making the wrong identification (by imitating human
behaviour). C wins the game if A cannot reliably identify C as the computer.
Turing’s claim was that if a computer could simulate human behaviour so
successfully that another human could not tell that it was a computer, then the
computer could legitimately be said to think.

chapters in this book will also discuss ways in which researchers have used computer
models to help us understand how the mind processes and represents information
when people perform certain behaviours. Third, and more controversially,
computers are also considered to be candidate ‘thinkers’ in their own right.
Understanding more about the nature of computation itself may shed light on the
nature of thinking, and on the nature of the mind.

Summary of Section 3

e Cognitive psychology inherits some of the behaviourist concerns with scientific
method. Almost every chapter in this book presents the results of empirical
investigations, investigations that are fundamental in guiding our understanding.

e Cognitive psychology rejects an exclusive focus on what is observable. Almost
every chapter considers the extent to which we understand how the mind
processes information, and how that information is represented.

e Cognitive psychology is committed to using computers as a tool for aiding our
understanding of the mind.
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e Introspectionist and gestaltist interest in conscious experience was replaced by
the behaviourist focus on what is publicly observable.

e There is always a tension in science between the emphasis on observation and
the need to postulate unobservable theoretical entities.

e Behaviourists did not necessarily deny the importance of higher mental
functions, but rarely offered accounts of them.

e Cognitive psychology has many roots; it has been heavily influenced by
technological developments and the way they help us to understand complex
behaviours.

4 Science, models and the mind

If cognitive psychology is concerned with the processes and representations of the
mind, and these cannot be directly observed, how can cognitive psychologists bridge
the gap? How do we speculate about the nature of something we cannot observe,
while remaining scientific? There are broadly three kinds of answer.

First, as we have already discussed, scientific theories commonly invoke
unobservable theoretical entities to account for observational data (e.g. force fields,
electron energy levels, genes or cognitive operations).

The second answer builds on the first. When a theory hypothesizes an
unobservable, theoretical construct, a model needs to be specified of the relationship
between the construct and the behaviour to be explained. It would have been
insufficient for Newton to have tried to explain why things fall to Earth by simply
invoking the notion of gravitation. He went further and derived equations to model
the effects of gravity, which can be used to generate predictions about how gravity
ought to work for things whose motion has not yet been systematically observed. So
physicists could then perform studies in order to confirm the predictions (that is, until
Einstein’s theories of relativity, but that is another story).

Cognitive psychology proceeds in a similar way. Consider again the example of
language. Cognitive psychologists have made numerous detailed observations of the
production (and comprehension) of language (you can find discussions of these in
Chapters 6 and 7). Explaining these observations, however, seems to require
positing things internal to the mind that are involved in producing the observed
behaviour. These are the unobservable, theoretical constructs of mental processes
and structures. Positing these, of course, is just the starting point. The challenge for
cognitive psychologists has been to say more. They have to develop models of these
mental structures and processes, show how they give rise to the observed behaviour,
and, importantly, show how successfully they predict behaviour that has not yet been
systematically studied in experiments.

Developing a model is not easy; Newton apparently needed the inspiration
provided by an apple falling to Earth (or so the story goes). And much of the
challenge facing cognitive psychologists is to harness their creativity and
imagination in order to suggest plausible models. Throughout your reading of this
book, you might wish to consider how you would have responded to some of the
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problems described. You might want to consider what would constrain your choice
of model, what kinds of model you would have developed, and how you would have
set about doing this. Without doubt, these are difficult questions — so don’t lose too
much sleep over them! — but they at least serve to show how creative cognitive
psychology is. Creative too is the matter of devising studies in order to evaluate a
model. By working out the predictions a model might make, psychologists can
evaluate it by devising studies to test its predictions, and by then making the relevant
behavioural observations.

Creating models and designing studies to test them is not easy, but cognitive
psychologists can use computers to help. The previous section suggested two ways
in which computers are important to cognitive psychology other than as
experimental equipment — computers might be capable of thought; and they can
also serve as tools for implementing models such as a model of language processes.
Now, perhaps, you can see how they might contribute to the scientific objectives of
cognitive psychology —researchers can use computers in order to create models. Just
as computer programmers can build programs to do things such as word processing,
or financial accounts, so researchers in cognitive psychology can program
computers to behave according to a particular model of the mind. Using computers
to program particular models can be helpful on a number of counts:

1 Models can rapidly become very complicated — too complicated to be
expressed verbally, or for one person to hold all the relevant details in mind.
This problem affects others too — meteorologists increasingly use computer
models of weather systems, and economists use computer models of the
economy. The phenomena involved are so complicated that, without
computers, they would be almost impossible to model.

2 It is not always easy to work out the predictions of a model. Programming a
model can allow researchers to simulate the effects of different conditions and
so find out how the model behaves, and whether this behaviour accurately
predicts how humans will behave.

3 Perhaps most important of all, by programming a model into a computer
researchers can determine whether the model is internally consistent (whether
there are statements in the model that contradict one another), and whether the
model is already clearly and precisely stated. If it is, the computer program
will run; otherwise, it will crash.

So cognitive psychology can posit the existence of unobservable (cognitive)
processes and structures and still be scientific. Not only is this true of other
disciplines like physics and chemistry, but, like those disciplines, the gap between
observable behaviour and unobservable processes and structures can be bridged
via the creation and evaluation of models.

There is, however, a new possibility for linking cognitive processes with a focus
on observation, and this leads to the third answer to the question with which this
section began. The advent of new techniques for imaging the brain suggests that, just
possibly, mental processes and structures may not be entirely unobservable (as the
behaviourists once believed).
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Functional MRI studies (and other kinds of imaging) allow us to see which parts
of the brain become especially active when people are engaged in a certain task
(relative to when they are engaged in some control task or tasks). There is
considerable debate in the cognitive community as to the usefulness of imaging
techniques for helping researchers to develop theories of cognition. Activity 1.3 will
help you get a sense of the issues involved.

ACTIVITY 1.3

Consider again the brain images in colour Plates | and 2. First, think about what you
could infer from the images alone. What does the indication of activity in particular
brain regions tell you? Second, think about the processes going on inside
participants’ minds. What additional information would you need to be able to say
what the brain activity represents! Suppose you were given very detailed
anatomical descriptions of the active regions: what would that enable you to
conclude?

COMMENT

It is one thing to say that there is activity in particular regions of the brain, yet quite
anotherto say exactly what cognitive processes and structures are involved. An image
of brain activity, on its own, does not help very much. Seemingly, what is crucially
needed is further information as to what information each brain region processes. That
is, we need to know the function of the active regions. One way of trying to identify the
function of different brain regions is to compare brain images for different kinds of task
—regions that are active for all tasks may be implicated in information processing that is
common to those tasks. This assumes we have good models for the information-
processing characteristics of different tasks. If so, and also using anatomical and
neuropsychological evidence, researchers can then tentatively begin to identify
particular regions with particular functions. This in turn can help researchers to
interpret and design further brain-imaging studies.

One criticism of imaging studies is that, at best, they help researchers to localize a
particular function — that is, researchers can identify the function with a particular
region of the brain — but that they do not improve our theories of cognition. However,
this is a bit like saying that being able to see chromosomes and genes down a
microscope does not improve the theory of genetic inheritance. In one sense that is
true, but making visible entities that were previously only theoretical does increase
overall confidence in the theory. Similarly, suppose a cognitive theory says that
reading some words involves using a visual processing route and reading other
words involves using an auditory processing route. Finding that the first task induced
activity in areas known to be engaged by other visual tasks, and that the second task
induced activity in areas known to be engaged by auditory tasks would increase our
confidence in the theory.

Without prejudging the ongoing debate in this area, it is likely that imaging
techniques will contribute to cognitive theory in various ways. Sometimes the
contribution will be at the level of theoretical deduction, sometimes it may be at a
less palpable level as when it adds to the confidence in a theory. When genes were
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first made visible, genetic engineering was a very distant prospect, but it is hard to
imagine the latter without the former. The advances in cognitive sciences to which
neuroimaging will contribute are equally hard to predict, but we shall be surprised if
they do not prove to be many and varied.

Summary of Section 4

e Cognitive psychology can be scientific, while being interested in what goes on,
unseen, inside the mind, for a number of reasons:
— other natural sciences invoke unobservable entities and are not as a
consequence rendered unscientific

— like other sciences, cognitive psychology proceeds by modelling
unobservables to produce predictions which can be tested by conducting
appropriate studies

— the advent of brain-imaging technology, though undoubtedly contentious,
raises the prospect of observing processes that were previously
unobservable.

5 The cognitive approach

Thus far, we have talked of cognitive structures and cognitive processes. Section 3
offered some examples of historical proposals as to what kinds of things cognitive
structures and processes are. Contemporary cognitive psychology equates
representations with cognitive structures, and computations over these with
cognitive processes.

5.1 Representation

We have emphasized the scientific nature of cognitive psychology. However, Fodor
(1974) argued that psychology might be a special science — special because its
subject matter, the mind, stands in a complex relation to the material, physical world
— and therefore takes a different form from the natural or social sciences. Spelling out
the relationship between the mind and the physical world, even between the mind
and the body, is extremely difficult. Two competing intuitions have guided people’s
thinking about the issue. One is that the mind transcends the physical body (and the
brain) — that when we say we are in love, for example, we mean more than that we are
in a particular bodily or brain state. Though you may share this intuition, it is difficult
indeed to say what a psychological state is if it is not physical. It is also difficult to
reconcile this intuition with the methods of natural science — how is it possible to
study something scientifically if it is not physical in nature? The competing intuition
is that all aspects of humanity, including our minds, ought to be explicable as parts of
the natural world, and so explicable by the natural sciences. Humans are, after all,
products of natural, evolutionary pressures, shaped by the world in which we have
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evolved. How could we come to possess a mind that could not be explained as part of
the natural, physical world?

The tension between these two intuitions is real and difficult to resolve (as you
will see from Chapters 15 and 17). Here we can do no more than hint at the
difficulties. One feature of the mind may go some way to showing why the intuitions
are so difficult to reconcile. It is the feature of representation.

Some things in the world have the property of being ‘about’ something else.
Books, for example, tend to be about other things. A book on the Second World War
is about precisely that — the real events that go to make up the Second World War.
The observation is so mundane that you may never have given it a second thought.
Yet this property of aboutness is quite extraordinary, and certainly difficult to
explain within the natural sciences. A book, for example, could be described
physically in terms of the arrangements of its molecules, the kinds of atoms that it
comprises, its chemical compounds. We could describe its mass and volume, and
measure it for electrical and magnetic properties. Yet, these descriptions produce no
hint as to a book’s subject matter. Only when the patterns of ink are considered, not
as patterns of ink, but as words, does it become clear what a book is about.

Few, if any, things in the natural world have this property of aboutness. It makes
no sense to ask what a stone is about, or what a river is about. While it makes sense to
ask what a book or a newspaper is about, it makes no sense to ask what its
components, the ink and paper, are about. It does make sense to ask what mental or
cognitive processes are about — we often say to one another ‘what are you thinking
about?’ One way of expressing the aboutness of mental processes is to say that they
involve representations — our thoughts represent possible states of affairs, our
perceptions represent our immediate environment (generally, though not always,
accurately).

The representational quality of mental processes was described by the
philosopher of psychology Franz Brentano (1838-1917). Brentano believed that
mental states comprise mental acts and mental confents. So, for example, my
believing that Rosie, my pet cat, is lazy is a mental state — I am in the state of
believing that Rosie is lazy. For Brentano, the state has a dual character: it comprises
an act, corresponding to the act of believing, and a content, namely the content that
Rosie is lazy. Brentano thought that mental states can differ, even if they involve the
same mental act. So, for example, my believing that Rosie is lazy, and my believing
that all cats are lazy, would represent two different mental states. The same act is
common to both, but the beliefs are differentiated by their content: one is about
Rosie, the other is about all cats.

The consequence for Brentano was that psychology needs to consider not only
the internal features of the mind or brain, but also what these features are about or
represent in the world. Perhaps now you can see why it is not straightforward to
decide what kind of science cognitive psychology is. Whereas physics and
chemistry study the material world of atoms and molecules (which do not have this
representational quality), cognitive psychology studies mental states whose
representational nature cannot be ignored. Consequently, cognitive psychology
studies something intrinsically relational — something that spans what is in the mind
and what it relates to in the world. Indeed, the issue of representation tends to
distinguish the social sciences (such as sociology) from the natural sciences (like
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physics). Cognitive psychology, focusing on both what is represented (the world)
and what does the representing (the mind), does not fall neatly into either category.

5.2 Computation

In Section 3 we considered some of the technological and theoretical antecedents to
cognitive psychology. What emerged from the advances concerning theories of
information and computation was the view that computers process information, and
provide a means for modelling and understanding the mind. As David Marr put it, ‘If
... vision is really an information processing task, then I should be able to make my
computer do it ...” (Marr, 1982, p.4).

Marr’s statement hints at a deep relation between the computer and the mind. If
computers process information, and information processing is what characterizes
minds, perhaps, at some deep level, the mind is computational. This claim provides a
further key assumption of the cognitive approach: cognitive psychologists tend to
view the mind as computational, as well as representational.

Von Eckardt (1993) suggests that there are two assumptions involved in
construing the mind as computational. First, is a linking assumption — the
assumption that the mind is a computational device of some kind, and that its
capacities are computational capacities. The assumption serves to link minds (things
which we wish to understand better) with computers (things which are already well
understood). Second, is the system assumption: this fleshes out what is meant by a
computational device. Generally, the assumption tends to be that computers are
systems that represent information, input, store, manipulate and output representa-
tions, and operate according to rules. The two assumptions work together to provide
a framework for understanding the (relatively) unknown mind in terms of the known
computer.

Just as with the representational assumption, the assumption that minds are
computational raises many questions. One of the more pressing for cognitive
psychology has been the precise form that computational models should take. This is
in fact a major debate within contemporary cognitive psychology, and the issue will
be referred to in one way or another in many chapters in this book (especially in
Chapters 16 and 17). Broadly speaking, there have been two main proposals as to the
computational models we should use to understand the mind: symbolic models and
connectionist models.

5.2.1 Symbol systems

One way of understanding the idea that the mind is both representational and
computational has been to suggest that the mind is a symbol system. On this view the
representational qualities of the mind are expressed via the claim that the mind is
symbolic and contains symbols. So, for example, my mental state that Rosie is lazy
might be described as involving symbols for Rosie and laziness. The symbols
together represent what the belief'is about. To say that the mind is computational is to
say none other than the mind embodies (computational) mechanisms for
manipulating these symbolic representations. My believing that Rosie is lazy would
then involve my appropriately manipulating the symbol for Rosie and the symbol for
laziness.
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Newell and Simon (1976) were the first to propose that the mind is a symbol
system. In their view, symbolic representations and their manipulation are the very
building blocks of intelligent thought and action. Newell and Simon proposed many
different properties of symbol systems, but we need consider only a few. Symbol
systems should comprise a basic set of symbols that can be combined to form larger
symbol structures (just as the symbols for ‘Rosie’ and ‘lazy’ could be combined to
form the symbolic expression ‘Rosie is lazy’). Symbol systems should contain
processes that operate on symbol structures to produce other symbol structures.
Finally, symbol structures should represent, or be about, objects.

Newell and Simon’s proposal that the mind is a symbol system amounts to the
claim that the cognitive processes that underlie language, perception, memory,
thinking, categorization, and problem solving will ultimately turn out to involve
processes of manipulating and transforming symbolic representations. The proposal
is, of course, an empirical one, and in principle the evidence could turn out either
way. One way of addressing the issue is to develop models of symbol systems and
compare these with empirical data (e.g. from human participants in an experiment).
As you will see throughout this book, the strategy of producing computer models
and comparing their performance with human data is a common one (see especially
Chapter 16 for such comparisons for symbolic models). However, it is worth noting
that disagreement with empirical evidence does not necessarily imply that the
cognitive processes in question are not symbolic. It may well be that a different
symbolic model would agree with the data much better. So, although the claim that
the mind is a symbol system is empirical, it will require a considerable amount of
empirical evidence to show either that the mind is symbolic or that it is not.

5.2.2 Connectionism

Cognitive psychologists have also sought to understand the mind’s representational
and computational qualities via an alternative framework, known as connectionism.

Connectionist models typically draw their inspiration from some of the known
characteristics of the brain. So, for example, we know that neurons are highly
interconnected. Seemingly they can pass information on to neurons with which they
are connected, either through inhibiting or enhancing the activity of those neurons.
They appear to be able to process information in parallel — neurons are capable of
firing concurrently. And there are many more properties besides. Connectionism
describes attempts to build models of cognition out of building blocks that preserve
these important properties of neural information processing. Typically, researchers
simulate connectionist networks on a computer, networks that involve a number of
layers of neuron-like computing units. The appeal of connectionism lies in the hope
that connectionist models may ultimately stand a better chance of being successful
models of cognition.

Consider the process of constructing symbolic and connectionist models in the
area of language understanding, for example. A symbolic modeller might first seek
to understand the representations involved in understanding language. They might
posit symbolic representations of words and their meaning, of rules of grammar, and
so on. They would then construct a computer program to encode the representations
and manipulate them so that the program behaves sensibly. Given an input of written
language, for example, the program might generate a representation of its meaning.
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This would be an exceptionally hard task but, were it to be successful, we could then
compare the output of the program with the judgments of human language
understanders to see if the program generated sensible answers.

In contrast, a connectionist modeller, though trying to represent the same kinds of
information, would do this in a different way. They would seek to represent
information in terms of neuron-like computing units and their interconnections.
Rather than freely writing a computer program, they would seek to explain language
understanding in terms of the kinds of information processing that the neuron-like
units engage in. Thus connectionists seek to restrict themselves to models that have
some prima facie plausibility in terms of what we know of the information-
processing properties of the brain.

One of the exciting findings associated with connectionism has been that this
brain-like information processing tends to produce interesting cognitive properties
all on its own (some properties do not have to be explicitly programmed, unlike the
case of symbolic models). For example, people tend to be good at generalizing from
just a few instances — though in all likelihood you have encountered few UK Prime
Ministers, if you were asked to describe the typical UK Prime Minister you could
probably come up with a sensible generalization (e.g. ambitious, driven, etc.). It
turns out that connectionist models tend to be able to generalize quite spontaneously,
with no need for this cognitive property to be explicitly programmed.

This brief discussion aimed only to introduce these different kinds of
computational model; it has of course skated over many complexities. In particular,
the question as to whether the mind is better modelled as a symbol system or as a
connectionist network has been and continues to be hotly debated (see, for example,
Fodor and Pylyshyn, 1988; Smolensky, 1987), as you will see especially in Chapters
16 and 17.

Summary of Section 5

e Cognitive psychology is committed to the assumption that the mind is both
representational and computational.

e Representations are understood as having a property of aboutness.

e Computations are understood as processes of inputting, storing, manipulating
and outputting information.

e  Within cognitive psychology, the mind tends to be understood in relation to
either of two broad conceptions of computation:
— computation as rule-based, symbol manipulation

— computation as neurally-inspired, as in connectionist networks.
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6 Level-dependent explanations

Linking the mind with computers raises many interesting and challenging questions.
One view, commonly attributed to Marr (1982), is that cognition can be understood
at, at least, three different levels.

6.1 The computational level

The first of Marr’s level’s (level 1) is commonly referred to as the computational
level. An explanation of cognition at this level specifies what a computational
system actually computes and why. The specification can be given in terms of a
mapping between appropriate sets of inputs and their corresponding outputs.
Consider a system that performs addition. A level 1 explanation would therefore
refer to the ‘plus’ function, partially indicated in Table 1.2.

Table 1.2 Level | specification for addition. The inputs are pairs of numbers to be added
and the output is their sum

Inputs Outputs
00 0

0l I

1,0 I

23 5

87,123 210

Marr also believed that level 1 explanations should specify why the system should
compute the function that it does in order to solve a particular task. Why it is, for
example, that the plus function (as opposed to multiplication) is the right function for
the task of adding two numbers together?

Thus, cognitive psychologists that seek to explain some aspect of cognition at the
computational level need to explain or describe the function that is computed (what
the inputs and outputs are) and why that function is the appropriate one. For
example, an explanation of language understanding might describe inputs that
correspond to sentences or questions, and outputs that correspond to appropriate
comments or responses.

6.2 The algorithmic level

Marr’s level 2, commonly referred to as the algorithmic level, specifies how a
computation is to be achieved. A level 2 explanation might describe the
representations of input and output that a system employs, and the algorithms that
operate over these representations. For example, in computing the ‘plus’ function,
input numbers could be represented in a number of different ways: in denary or
binary notation, as arabic or roman numerals, or as appropriate numbers of dots. The
algorithm specifies the steps involved in transforming the input representations into
appropriate output representations.

To return to the example of addition, one way of representing two numbers (say,
the numbers 2 and 3) involves representing them in terms of appropriate numbers of
dots (i.c. @@ and eee). One algorithm for adding the numbers might involve moving
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the two dots one at a time so that they are adjacent to the three, to yield an output
representation (not dissimilar to adding using an abacus). Another (formally) distinct
algorithm would be to move the three dots one at a time so that they are adjacent to
the two. These algorithms, and the sequence of steps they would generate, are shown
in Table 1.3.

Table 1.3 Two algorithms and the steps they generate for computing 2 + 3

Algorithm | (move one dot at Step Algorithm 2 (move one dot at
a time from right to left) a time from left to right)
Left Right Left Right
o0 (T 1) 0 (1) (T
ooo o0 | ° eooo
eo00 ° 2 eo000
eco0e 3

Note that these two sequences of steps achieve the same end result, 5 dots (eeeee)
representing the number 5. That is, though they are distinct processes, and hence
distinct algorithms, at level 1 they are indistinguishable. In fact, it can be proved that
there are an infinite number of different algorithms for any level 1 specification.

This obviously makes it very difficult for a cognitive psychologist to work out
what algorithm to choose in order to model human performance successfully.
However, there are ways of distinguishing different algorithms. For example,
algorithms can bestow a considerable benefit to anyone (or anything) that deploys
them: even though a task may appear to be insoluble, or its solution appear to impose
impractical demands on resources, with appropriate algorithms it may be soluble
with a modicum of resources. Note how algorithm 2 in Table 1.3 completes the task
in one less step than algorithm 1.

Less trivially, consider chess. One way of playing chess would be to consider all
possible moves by looking ahead a certain number of steps. As one looks further
ahead, however, the number of possible moves grows exponentially, and so this
particular strategy would require vast amounts of memory and time. By deploying
more sophisticated algorithms, ones involving heuristics and strategies that restrict
the number of possible moves that need to be considered, the resource demands of
the task fall rapidly. Thus, appropriate algorithms may render soluble tasks that
appear insoluble, and also render them soluble within practical resource limits
(Chapter 10 considers some of the stratagems of real chess experts).

To see this, consider different algorithms for multiplying 253 by 375. One option
is to add 253 to itself 375 times. Another would involve adding 375 to itself 253
times. Yet another way would be to remember the products of all pairs of numbers up
to, say, 400. The first and second algorithms would require a pencil and paper and a
very large amount of time. By contrast, the third strategy would potentially require
little time but a very large and efficient memory. A better algorithm, perhaps, would
involve knowing by rote some products (say, 5 x 200=1,000,3 x 5=15, etc.), and
knowing that the product asked for can be decomposed as follows:
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253 x 375=(200 + 50 + 3) x (300 + 70 +5)
=200 x (300 + 70 +5)+ 50 x (300 +70+5)+3 x (300 + 70 + 5)
= (60,000 +14,000 +1,000) + (15,000 + 3,500 +250) + (900 +210 + 15)
= 75,000 + 18,750 + 1,125

=94,.875
Note that this algorithm involves some demands on memory and some demands on
time, but doesn’t place excessive demands on either.

Returning to our example of language understanding, a challenge for a cognitive
psychologist would be to work out how the inputs and outputs should be
represented, and algorithms for converting the former into the latter. A critical
question, however, will remain: why were these particular representations and this
particular algorithm chosen, and could better choices have been made?

6.3 The implementational level

Marr’s level 3 is commonly referred to as the hardware or implementational level. It
specifies how algorithms and representations are physically realized. In our example
of addition, numbers were realized as marks on pieces of paper and movement of
those marks. In a digital computer, an explanation at the implementational level
would make reference to transistors, voltages, currents, diodes and the like. If
addition were implemented using an abacus, an explanation would make reference
to beads sliding on rods. Were we to explain human cognitive processing in terms of
Marr’s level 3, then we would make reference to neurons, neurotransmitters and the
like.

Explaining cognitive processing at the implementational level presents a very
real challenge. In our example of language understanding, we would have to make
reference to the real neural circuits that implement language understanding, and to
their actual activities whilst doing so. Though neuropsychological and neuro-
imaging evidence, as well as neuroscientific advances, accumulate, such an
explanation exceeds the abilities of our current understanding.

6.4 Using Marr’s levels

Cognitive psychologists tend to explain cognition at levels 1 and 2. That is, they
pursue functional accounts (at level 1) and process accounts (at level 2). Level 3
explanations, those that refer to actual neurons, neurotransmitter, and so on, tend to
be left to neuroscientists. However, there are important relations between all three
levels. For example, the implementation level can constrain what counts as an
appropriate algorithm. The brain may not be able to implement all algorithms, or
may not implement them equally well. In a sense, connectionist models are
predicated on this view — that the hardware of the brain constrains our choice of
algorithm (or level 2 explanations) to those that we know the brain is good at
computing. Certainly if it could be shown that a level 1 or 2 account of some
cognitive phenomenon could not be implemented in neural hardware, then real
doubt would be cast on the corresponding psychological explanation.

CHAPTER 1

29



CHAPTER 1

30

FOUNDATIONS OF COGNITIVE PSYCHOLOGY

This section has focused on some of the foundational assumptions made in
contemporary cognitive psychology, though very many other assumptions are also
made, and also tend to characterize a cognitive approach. Table 1.1 in Section 2
listed some of the more common ones, and you may wish to revisit it now. You may
also like to refer to this table after you have read each of the following chapters to see
if you can identify which assumptions have been made, and how explicitly.

Summary of Section 6

e Marr’s levels provide a framework for understanding explanations of cognition.

e Explanations can be pitched at one of three levels:
— computational level

— algorithmic level

— implementational level.

e Cognitive psychological explanations are typically expressed at levels |
(functional) and 2 (process), but are assumed to be constrained by what is
known about level 3.

7 Conclusions

In the previous sections we have attempted to outline some of the history of
cognitive psychology, its subject matter, and also some of its core assumptions. As
we have seen, cognitive psychology has a relatively long history, and has made and
continues to make many connections with other disciplines. To understand the
nature of cognitive psychology, we have had to consider a wide range of issues, from
computation to neuroimaging, from mundane but complex behaviour such as
understanding language to the behaviour involved in anti-aircraft gunnery. Our
survey has touched on action, perception, thinking, language, problem solving,
categorization, and consciousness. We have considered the nature of scientific
investigation, the importance of observation, and the need for, and practice of,
sciences to posit theoretical entities that cannot be observed. We have also touched
on the possibility that cognitive psychology may be a special science, perhaps
somewhere between a social and a natural science.

ACTIVITY 1.4

In Activity |.1, we asked you to write down what you took to be the characteristic
features of a scientific study of the mind. Take a few minutes to review your list —
are there some features you would want to add to the list? And are there any you
would want to remove?

In such a short chapter we have omitted much, and this chapter should be regarded as
a partial survey of the foundations of cognitive psychology, intended to help you
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make the most of the chapters that follow. Most notably, we have barely touched on
the different methods of cognitive psychology, though the following chapters make
clear just how central these methods are to the cognitive approach.

We have not intended to suggest that cognitive psychology faces no real
challenges or problems. Far from it. Most if not all of the topics we will consider in
this book are still not fully understood — though cognitive psychology has proved
remarkably successful so far, it remains to be seen just how well it will deliver such a
full understanding. Indeed, while in topics such as attention and perception cognitive
psychologists have made great progress, others, such as consciousness and emotion,
still present real challenges. This is not to say that cognitive psychologists have not
contributed greatly. Indeed, as you will see in Chapters 13, 14 and 15 among others,
progress has been made even though foundational questions remain.

The breadth of the many issues we have raised, as well as the results and promise
of the cognitive approach that you will encounter in subsequent chapters, testify to
the importance of developing a systematic and rigorous understanding of the mind. It
also hints at the fascination and enjoyment that can be gained from studying
cognitive psychology, something that we hope you will soon experience for
yourself.
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