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Psychology Revivals

Applied Cognitive Psychology

Originally published in 1988 Applied Cognitive Psychology draws on the
psychology of perception, attention, and cognition to give an under-
standing of some everyday activities and skills. Paul Barber focuses on
processes involved in selecting simple actions, face perception, reading,
and tasks requiring attention skills. He uses practical problems as
starting points for discussion, including mental overloading in air-
traffic controllers, cooker-hob design, the use of Photokit/identikit, and
reading from computer screens. The book also examines the strengths
and limitations of the basic analytical approach of ‘information-proces-
sing’ in psychology.

As well as providing a textbook for students of psychology and ergo-
nomics, Applied Cognitive Psychology will still be welcomed by those
from other disciplines — management studies, education, sports science
— who need to understand skilled behaviour in applied settings.
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PREFACE

Some topics in psychology are popular because of their appeal to the
endlessly intriguing, deeper, and seemingly darker aspects of mental
life. Others strike a chord because of their relevance to the caring
aspect of human nature. In contrast there is much in psychology with
little immediate fascination for many people, but which on
reflection often turns out to be compulsively interesting. This
includes the far-flung enterprise of cognitive psychology. Psychology
as taught as an academic subject normally embraces all these aspects
- the covert, the caring, and the cognitive.

Cognitive psychology possibly has a less instant appeal because it
relates to the apparently superficial here-and-now of experience, the
mental accompaniment of everyday perceptions and actions. And
when the subject matter is brought to one’s attention, it may not be
obvious what the problem is, why the issues are not transparent. A
hint that they are less than obvious is contained, for instance, in the
persistent mistakes made in designing equipment that fail to take
account of human limitations as processors of information. Perhaps
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cognitive psychology will impinge more successfully on the public
awareness when its practical achievements are more widely known.
Perhaps some non-specialists will read books like this which present
an account of some of these achievements. In fact, it is intended not
as a popular text for the lay reader but as a course text for the
undergraduate student who has to study psychology as a main
subject. The emphasis on the ‘relevance’ of cognitive psychology will
reassure students seeking evidence of its applicability to real-world
problems. It will also provide students of other disciplines, such as
ergonomics and sports science, in which psychology plays a
prominent part, with some illustrations which they can relate to
their own special concerns. And while intelligent lay readers may
find the exposition too dense and detailed for their purposes, I hope
that their interests have not been entirely overlooked.

This is not intended to be a comprehensive survey of the
applications of cognitive psychology. In the space available it would
be possible only to log the practical achievements of cognitive
psychology, and it would be difficult to do justice to its foundations.
I have preferred instead to illustrate the scope and the depth of the
field by giving a quite detailed account of a selection of the basic
topics and practical problems that have been addressed. I have
concentrated on the ‘information processing’ approach, and I have
sampled the activities that interest cognitive psychologists. Thus
Chapter 3 considers a perceptual-cognitive activity that the enormous
majority of sighted people carry out with impressive efficiency - that
of perceiving and remembering faces. This is a domain that has
attracted an increasing amount of attention in the past decade, and
which has been marked by solid theoretical advance and useful
practical achievements. While Chapter 3 deals with a topic that
emphasizes the person as a perceiver, Chapter 4 places the stress on
the selection of actions, such as are required to operate equipment,
either in response to signals or to achieve a particular outcome by the
manipulation of controls. Chapter 5 focuses on the performance of
people subjected to a heavy mental workload, for example, in the
form of tasks in which several sources of information have to be
monitored under severe time pressure. In Chapter 6 a range of aspects
of fluent reading is discussed, emphasizing the contributions of
visual and contextual factors.

Chapter 1 is devoted to a brief review of some aspects of
psychology as a discipline, and Chapter 2 puts in place an outline
model of the human as an ‘information processor’. The model serves
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to hint at the scope of the explanatory problem faced by cognitive
psychology. It has a thematic role in the book, not as a piece of
received wisdom but as a device to illustrate the shortcomings, and
the strengths, of the information processing approach. Suitably
prepared readers may go directly to Chapters 3 to 6, but others with
little or no background may begin either at Chapter 1 or 2, the choice
being decided by how radical is their need for basic knowledge. The
final chapter is a brief overview of the progress made in the
application of cognitive psychology, in light of the evidence of
Chapters 3 to 6. It also raises the neglected question of how
psychology is applied. While this may seem a little late in the day, it
should be noted that guidelines for the application of a science are
rarely formulated and psychology is not unusual in this respect.
However, some analytical effort to understand the process of
applying psychology might increase the success rate of the process,
and enable it to be brought into contact with an increasing range of
problems.

Xi
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1 ON THE APPLICATION
OF PSYCHOLOGY

General introduction

This book deals with some practical and theoretical matters in the
field of human performance, embracing aspects of human activity
that in general textbooks on cognitive psychology are referred to as
perception, skill, memory, and attention. This is an area which has
intimate connections with applied psychology and ergonomics (the
study of the interface between the human organism and the
environment). Applicability is of central interest throughout this
book, and it will be dealt with in relation to a set of general problem
areas within cognitive psychology.

Relation between theory and applications in psychology
Theory before practice?

Our interest in the application of psychology compels us to develop a
view about the relation between theory and practice in psychology. A
traditional view of this sees the research of the pure scientist
motivated by theoretical consideratiors with no concern for its
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practical applicability. It is the business of the discipline’s practi-
tioners to seek out and identify applications. The view is of a gentle
and productive flow of ideas from the domain of basic theory and
research, continually being brought into register with practical issues
by applied researchers.

This, then, is the conventional view of scientific progress;
knowledge is first developed by experiment and theory, and is only
subsequently applied to concrete problems. It has been characterized
by Bakan (1980) as the two-step vision of scientific development, a
notion so conventional and so firmly entrenched that it is hard to
imagine that the conduct of science might be otherwise. Evidence in
general for the two-step view includes the development of the use of
electricity, the discovery of penicillin, the invention of radar, the
proximity fuse for bombs, and most dramatically the atom bomb;
all were preceded by theoretical advances. The two-step view of
scientific progress was institutionalized by the contribution of
scientists to the war effort between 1939 and 1945, with theoretical
and laboratory research transferring from the laboratory with great
effect. Indeed the two-step view has been partly accepted because of
the great productivity of applied science in times of crisis; in
particular, the extraordinary fertility of the psychological scene
during the Second World War supports this analysis. Bakan (1980),
however, expressed a sour opinion about this mode of applied
science, considering the isolation and insulation of basic research
from human problems as a factor in what he saw as a growing
disillusionment of the public with science and technology. His
preferred approach was one which centres on the problems, and gears
the research effort in general to solutions to these problems.

Theory driven by practice?

Whether science is or can be practised on a two-step basis, and
whether this is how it should be practised, is open to question. As a
matter of historical fact, as Bakan (1980) noted, technology has
frequently been in advance of theoretical understanding (e.g.,
photography was developed without a grasp of the underlying
chemical processes). One alternative to the two-step view, to start
one’s enquiry with practical problems, is taken by Broadbent (1980),
for several years the director of one of Britain’s most influential
research units specializing in applied experimental psychology.
Addressing the question of the role of models in psychological
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thinking he expressed a set of priorities that also relate directly to the
matter of the application of psychology:

What follows is the credo of an applied experimental psychologist.
Briefly, I do not believe one should start with a model of man and
then investigate those areas in which the model predicts particular
results. I believe one should start from practical problems, which
at any one time will point us towards some part of human life.

Experiment and observation follow, leading to a model which ‘can
be used as a guide for action’, and ‘may make other practical
problems more tractable’. The emphasis on the focus of this activity,
the practical problem, could not be clearer.

In discussing the need to °‘start from practical problems’,
Broadbent (1980) described examples of how such problems have led
to important theoretical developments. He noted that it was only
recently noticed that human performance is influenced by the time of
day when it is measured, a fact that had eluded psychologists until
they were called to work on ‘continuous flow processes’. The
operation of such processes has to proceed around the clock with
shifts of workers succeeding one another. Research contracted by
industrial and military authorities into these conditions of work
revealed the time-of-day effects. Other research of an applied nature
was responsible for restoring the important concept of ‘attention’ to
psychological respectability in the 1950s. This concept, which is so
familiar in everyday usage, fell into disuse at the turn of the century
because of its mentalistic connotations. It was not until applied
psychologists, foremost among them Broadbent himself, were called
to enquire into the problems of communication between, for
example, air-traffic controllers and pilots, that it was realized that
the function of ‘attention’ was not among the theoretical ideas of the
day. Theoretical accounts were accordingly modified, and one of the
first models of human performance was formulated by Broadbent
(1958). The important point about this development in psychology,
and there is no gainsaying its significance even though it has since
been radically amended, is that it was precipitated by discoveries in
an applied setting.

The problem-oriented approach will be accepted here as appro-
priate to psychology’s current priorities. The attempt will be made
to establish connections between research dealing with practical
issues and the theoretical efforts that basic psychology is more
directly concerned with. It will be apparent from an examination of
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the applied psychological journals, however, that references to the
theoretical underpinnings of applied research are often very loose and
even merely allusive, as if in a rather forlorn attempt to preserve the
link with an increasingly remote theoretical source. There is an
abundance of applied psychological research, but a relatively small
proportion of it consists of theory-driven research relating to a
real-world problem. The connections between basic and applied
psychology may therefore be somewhat indirect, and we consider in
the next section what the potential contributions from the former to
the latter might be.

It would nevertheless be a mistake to suppose that there is a
one-way flow of benefits and contributions. Indeed, we can view
applications-based research as a particularly demanding testbed for
psychological theory. It cannot of course be the only one since it is in
the nature of some psychological issues that they are delicate plants
which simply do not readily transfer to the rough soil outside the
laboratory. The direct consequences of some psychological investi-
gations may be too marginal in terms of the magnitude of the
changes in the dependent variables used (time taken to respond,
number of errors committed, etc.) for there to be any material
consequences to be taken note of by the applications researcher. Such
issues, which may have considerable theoretical consequences and
have an important bearing on how the field of enquiry is
conceptualized and developed, need to be settled in the confines of
the laboratory. With this proviso, and all else being equal, there is a
strong case for those involved in pure research to ensure that they are
concerning themselves with those aspects of psychology that bear
most prominently on the everyday functioning of human beings.

For some twenty years psychology (along with other disciplines)
has been subjected to an unprecedented degree of arm-twisting
regarding ‘relevance’ and ‘usefulness’. Students’ expectations of the
subject reflect this concern, so that an ‘ivory-tower’ stance is more
difficult than ever to sustain and justify; and to a degree psychology
has responded to these pressures. However, they have been pressures
operating on a long-range basis and it is arguable that they have been
applied more as a form of gentle persuasion. What seems to confront
us today, on the other hand, is a very different matter. The current
crisis for psychology is to respond to the blunter and more urgent
problems arising from changes in the world-at large. In particular,
there is the looming challenge of the information technology
revolution, and there are related changes in the nature of work, the
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emancipating spread of literacy to developing nations, and a
seemingly unending list of other factors that generate problems of
increasing urgency for psychologists and other social and biological
scientists to tackle. Aside from being socially irresponsible it would -
because of the fundamental psychological issues that are raised - be
foolish to ignore these changes in the world outside the sphere of
‘pure’ research. Hence, whether one takes a traditional two-step
view, or a more radical problem-oriented view, the application of all
branches of basic psychology is a topic of importance and urgency.

What psychology has to offer

To give an introductory account to the application of experimental,
cognitive psychology, it is helpful to supply some indications of
what might be applied. The intention in this section is to provide a
rudimentary means of identifying the nature of what it is in a given
instance that has been applied, and the aspects that are noted are not
by any means exhaustive, and often overlap. The brief sketch that
follows serves the purpose of raising a few flags, a detailed
presentation being inappropriate at this stage since this is more
effectively supplied by the applications described in later chapters.
What is on offer then?

Theory

At the head of the list are the theories that psychology, ever so
tentatively, offers. They come in all shapes and, particularly, sizes.
There was a time when psychologists were not so tentative and went
in for theories on a grand scale (e.g., Hull 194 3; Skinner 1938), and
broad reaches of human behaviour were intended to be accommo-
dated within their theoretical horizons. It is often considered to be
the mark of a good theory that it is refutable, and the grand theories
of experimental psychology turned out to have this desirable
property. They were, however, so comprehensive that they could
withstand the impact of failed assumptions and as complete
theoretical systems they took many years to fade away.

The fashion has in recent years been the specification and
development of what are termed ‘miniature models’, concerned with
the detailed and closely focused examination of limited aspects of
behaviour and mental functioning. Larger enterprises will no doubt
be undertaken in due course as overlap and consistency between these
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relatively small-scale theoretical efforts increase, and perhaps also as
accounts emanating from work on artificial intelligence become
influential in the mainstream of psychology.

The best of these contemporary approaches to theorizing also have
the merit of falsifiability of their assumptions, and it is possible to
discern definite progress in certain areas of research as assumptions
are modified or abandoned and ideas clarified. This is not always so
and some theoretical accounts persist simply because of the lack of
any clear alternatives. But durability is also the mark of a theory
which stands the test of time, not because of any particular merit or
validity of its assumptions but because they are not stated with
sufficient specificity to be subjected to a crucial experimental test.
Such theories have been attacked (e.g., by Newell 1973) for their
ability to respond on an ad hoc basis to more or less any empirical
twist or turn, by appealing to some previously unconsidered
variations in the weighting given to this or that factor, to the
possibility for subjects to discover another unforeseen permutation
of their mental resources, all within the current rules contained in the
experimental procedure. It should be noted that this criticism is
aimed at many of the theoretical endeavours that are undertaken in
the very areas focused on in the present book.

A superficial examination of the applied psychological literature
may give the impression that there are close connections between
theory and practice, simply judging this on the frequency with which
theoretical papers are referred to. For a theory to be able to
accommodate the results of empirical studies in the way suggested
indicates either that Newell’s (1973) critique has even wider force, or
that the references to theory are noncritical and are more in the
nature of preserving a connection with the global ideational origins
of the research than of demonstrating a real point of contact. This
does not mean that the quality of applied psychological research is
low, though some undoubtedly is, but that there is little glue
between theory and practice. In any event the connection with theory
is spurious when the applications research itself is not driven by
theoretical considerations, and the theory is unmoved by the
outcome of the investigation. A test of the latter possibility is the
low incidence of references to the applications literature in the
journals which publish basic psychological research studies, though
it has to be admitted that this could be a reflection of an ignorance of
applied studies on the part of pure scientists, or their unwillingness
to accept the relevance of such research to their own endeavours.
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Method

It is often said that what is applicable is not so much the theoretical
stuff of psychology as its elaborate repertoire of methods of
investigation and discovery. In any event much psychological theory
is so highly circumscribed that the possibilities for applying it
outside the laboratory are limited. Indeed it could be argued that an
applied version of the discipline should develop its own accounts of
limited aspects of real-world psychological activities and tasks.
While there may be considerable ground in common between the
laboratory and real-world versions of the subject, and there may be
mutual benefit to be gained by parallel investigations of particular
issues, the real traffic in ideas may for some time to come be of a
methodological kind. This is liable to be to the advantage of applied
psychology because the relatively unhurried nature of laboratory-
based ‘pure’ research provides more opportunities for techniques and
investigative procedures to be developed, explored and perfected.
This is not to say that applied researchers will not make substantial
contributions of a methodological kind - indeed they have a vested
interest in developing whatever variations in methods and procedures
are required for field experimentation. The point is that they do not,
on this analysis, need to feel this as a primary call on their resources,
and they can frequently look elsewhere, to the pure experimentalist,
for methodological inspiration. How far one might be prepared to
press this case is for the reader to judge. It is clear, however, (and this
book will incidentally demonstrate this) that applied psychology
makes extensive use of the methods developed in ‘basic’ psychological
research, so something of the division of labour that has been
suggested does already implicitly exist.

In drawing attention to psychology’s methodological offerings,
we should be sensitive to the echo of Maslow’s (1946) strictures
against psychology, that it should not allow itself to be driven by
obsession with method to the exclusion of the human problems that
are its province. It remains the case, without abdicating responsibility
for problems, that basic psychology is methodologically very well
equipped and offers a sophistication in this respect that augurs well
for applications research. There are thousands of published studies
on any number of topics that signal to the intending applications
researcher what experimental procedures might be appropriate, what
statistical methods have been found to be useful, what options there
are for the overall design of an experiment, what nuisance variables
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the investigator needs to be on guard against, what dependent
variables might need to be measured, and how this may be achieved,
what technical resources in the way of scientific equipment may be
used for controlling the experiment and the environment to which
the subject is to be exposed, and what characteristics of the subject
population need to be controlled, balanced, or partialled out
statistically. By no means all the snags of implementing an
investigation will be found in the pages of the scientific journals of
psychology, and much goes unsaid which novice investigators will
stumble over. But in the course of a basic psychological training
they will be made aware of much of what needs to be taken into
account in the planning and conduct of an investigation, and this
collective wisdom is to be found described in the open literature of
psychology.

The methodological expertise relevant to the applied researcher in
mainstream experimental psychology can be illustrated from areas
such as psychophysics, and reaction-time studies. Psychophysics is
the study of how sensory experience is related to the physical
characteristics of stimulation. It is, for example, concerned with
what may be described as the boundary or ‘threshold’ performance of
the senses, e.g., how faint a tone can be heard, how dim a light can be
seen, how small a change in the intensity of either can be appreciated.
It is also concerned with how changes in the properties of stimuli of
an above-threshold magnitude are mirrored in the sensation produced
in an observer. Appropriate to these kinds of questions a collection of
techniques has been developed, known as psychophysical methods,
to estimate the way in which the observer’s performance tracks
changes in the physical parameters manipulated by the investigators
(Dember and Warm 1979; Scharf 1975).

Problems with the classical psychophysical methods - including
the failure under certain circumstances of different methods to
produce equivalent results — led to the development of alternative
methods, falling under the general rubric of signal detection theory
(SDT) (Green and Swets 1966). As with some other psychological
methods SDT comes equipped with a considerable theoretical
capability. In practice, however, it is often applied with little
explicit commitment to a theoretical position, other than an
acceptance of its central assumption of the importance of obtaining
separate measures of an individual’s sensory competence and
judgemental bias. One observer may, for example, be well able to
detect a warning signal, yet for whatever reason (perhaps natural
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caution) show hesitancy in reporting its occurrence, while another
may respond at the merest hint of alarm. Analyses based on the SDT
approach have been widely applied outside the area of psychophysics,
to research on memory, attention, and personality (Clark 1969;
Long 1975; Parks 1966; Price 1966). The use of SDT means that ina
given task a subject’s performance is characterized by measures
separating the efficiency of his or her sensory, attentional, or
memory systems, from the readiness of the subject to make the
different responses required.

Another widely used method is the reaction-time technique,
involving the recording of how long a subject takes to initiate a
response to a stimulus, to solve a problem, to answer a question, to
search for and find a target, to make a decision as to whether
something has been encountered before, and so forth. The assumption
may be made that the time taken will reveal something about the
underlying mental processes. This is an assumption that has been
utilized in psychology for over 100 years (e.g., see Donders 1969),
and has in recent times been implemented with the added potential
of a formalism such as the additive-factors logic of Sternberg (1969,
1975), illustrated in Chapter 4. Other developments of reaction time
methodology include the application of information theory (see
Chapter 2).

It is customary in reaction-time experiments for subjects to be
asked to respond as fast as possible. As a result the subjects have the
option of responding faster but at the cost of making more errors
(choosing the wrong response when there is a choice, or responding
prematurely when there is none). Indeed the requirement by the
experimenter for the subjects to respond fast may therefore be
accompanied by the request not to make too many errors, which may
make matters ambiguous for the participants. But investigators are
usually satisfied if the subjects then keep the error rate below 5-10
per cent or so. Proposals have been made that it should be a matter of
routine for speed and error rate both to be monitored and for the
tradeoff between them to be investigated (Pachella 1974), and
appropriate methods have been described that allow this relationship
to be estimated.

Two other related offerings of a methodological kind should be
noted. First there are the considerable advances that have been made
in the general field of psychological measurement (e.g., Ghiselli,
Campbell, and Zedeck 1981). This work has general application to
psychology (and to related areas such as educational research, which
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has proved inspirational for many of the developments). This field of
study is called psychometrics and is most commonly illustrated by
tests of psychological functions such as intelligence and personality
tests. Concepts such as reliability and validity of measurement are
well-known as requisites of a psychological test, and they apply quite
generally to all psychological measures. It remains to note the
importance in psychology of statistical methods. Psychology has
developed a heavy reliance on statistical methods and many
psychological researchers (though not all to be sure) show great
sophistication about this aspect of the discipline. In the context of a
psychological investigation, statistics is a decision-making aid. Its
proper role is not as a means of offloading the burden of inference as
to the outcome of a piece of empirical research, but as an indicator of
its reliability.

Evidence

For reasons which have been outlined above it would be unsafe to
consider that psychological data obtained in the course of a
laboratory-based study should automatically be valid and generaliz-
able to external circumstances. Differences in the subject population
(including ability level, motivation, and experience), and the likely
intrusion in the outside world of variables the investigator had taken
pains to control or exclude from the laboratory study, or had taken
no account of at all, serve to illustrate the need for caution. Absolute
and relative levels of performance may be expected to differ as a
consequence of these factors. Moreover the nature of the task in the
laboratory is likely to differ in a number of ways from that which is
of interest in practical circumstances, so the question of generalizabi-
lity may not often seriously arise. It will often be prudent for the
applications researcher to conduct an investigation to establish
performance levels and characteristics that are typical in working
and other realistic environments. Nevertheless the evidence base that
is available in the scientific psychological literature is very broad,
and there are certain well-established and clear regularities in
performance across a wide range of studies, and it would be foolish
and wasteful to ignore them.

While the levels of performance that may be achieved inside the
laboratory may be higher or lower than those obtained outside, there
are some tasks for which the laboratory environment has been
deliberately optimized, and performance in the experimental
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situation may then be treated as an index of the achievable limits for
that task. This is the case for certain experiments in psychophysics,
designed to discover the smallest stimulus intensity that an observer
can detect, or discriminate from another. It is intrinsic to such
research that the most rigorous experimental control is exercised over
the environment, the production and presentation of the stimuli, and
the physiological and psychological state of the observer, so that the
performance is optimized. The interest in such studies for the applied
psychologist is that they elicit what may be thought of as boundary
performance. The only caveat attaching to such a concept is that
human performance always seems to be improvable (for instance,
through extended practice, and often via incentives), but in the
circumstances we are considering the improvement is unlikely to be
of material significance.

The shortlist of theory, method and evidence of course represents
what one might expect any basic science to offer to the applied
branch of the discipline, although their importance relative to one
another in psychology seems to be different from the physical and
other biological sciences. There will be occasion to draw attention to
specific cases relevant to each of these aspects in the ensuing chapters.

Two points remain to be made. Firstly, there are no explicit
guidelines for the application of psychology, so that a close analysis
of how basic psychological ideas are used in practical applications
may be of great value. What principles might emerge is not clear but
it does seem to follow that criticisms of psychology which point to
the failure or lack of conviction of its applications (Allport 1975;
Chapanis 1967; Newell 1973; Westland 1978) must hinge on their
having breached some principle of application, albeit an unwritten
one. And if a principle may be breached, then it may be successfully
implemented. Beyond this the challenge is to identify and make
explicit these principles. Secondly, it will be found that what
psychology has to offer is often said to be less tangible than our list of
theories, methods and evidence, that it consists of ‘a way of looking
at problems’. This is a highly unsatisfactory piece of information for
the novice psychologist and the outsider alike, since it implies a
mystique and a mastery that are beyond analysis and inspection.
There is all the more reason, if such statements continue to be issued
(aside from questioning the motives of their authors), for us to look
even more closely at the actual connections between basic and
applied psychology.

11
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Summary

The issue of applicability is one of the sore points raised by the critics
of psychology, who have complained about its lack of connections
with and application to real-world issues. A traditional view of the
relation between the theory and application of a science is for basic
research and theory to precede the application of the ideas of the
science. Other views of scientific progress were considered, recogniz-
ing that psychology should be concerned with practical issues. The
urgency of calls for psychology to take a more applicable approach to
real-world questions was noted.

Some preliminary indications were given of what it is about
experimental cognitive psychology, the focus of this book, that
might be applied. This includes the small-scale theories that have
been preferred for the past twenty-five years, the wide-ranging
methodological repertoire that psychology has developed, and the
burgeoning evidence it continues to accumulate.
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2 THE
INFORMATION-PROCESSING
APPROACH

Picking an apple off a tree, tying a shoelace, answering the telephone,
signing a cheque, sewing on a button, reading a letter, following the
instructions for an unfamiliar washing-machine, viewing a film,
telling someone the time, playing a video game, mending a fuse,
listening for a familiar voice, identifying a flower, hammering in a
nail, finding the exit in a department store, driving a car, spotting a
friend in a crowd, using a telephone directory, recognizing someone’s
accent; life consists of incidents and ordinary activities like these.
They are nearly all uniquely human activities and they variously
implicate psychological operations referred to by labels such as
perception, attention, memory, and skill. Their complexity is not to
be underestimated, nor is the difficulty of supplying a satisfactory,
indeed any, psychological account of any one of them. They are also
influenced by the background against which they proceed - of
emotions, needs, interests, and motivations, physical environments
that vary hugely on a multitude of dimensions, and physiological
conditions inside the individual that range over wide extremes.
Each of these activities can be analysed, using the perspective of
information-processing theory, in terms of component processes. For
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example, finding a number in a telephone directory can be thought of
as a visual search activity in which the successive entries in the
directory are compared against some internal record of the
subscriber’s name. A closer specification of the task would include
the preliminary narrowing down of the search activity to the relevant
alphabetic section, then locating the subscriber’s name, and finally
reading off the required number and perhaps memorizing it. The
terminology of a more detailed analysis might refer to the ‘encoding’
of the names on a given page in terms of ‘elementary features’, their
‘comparison’ with some ‘internal representation’ of the ‘target’
name, the ‘decision’ as to whether or not a ‘match’ was achieved, and
the ‘selection’ of the relevant ‘response’. A similar analysis could be
provided for the processes underlying the use of the subscriber’s
number for whatever purpose was in mind. All of this is to use the
terminology and conceptual framework of ‘information processing’.
It is in particular to assume a model of information processing, in
which successive ‘stages’ of processing are organized in a particular
way.

Why is a model of performance needed?

The role of models is viewed differently by different psychologists,
and it is appropriate to state briefly the position on the issue to be
adopted in this book. Although the approach is broadly influenced
by the ideas and analytical apparatus of information processing, it
would be premature to become committed to a particular point of
view, and relative to applications of psychology it would be
misleading. It seems appropriate to survey some of the points of
contact between the general thrust of the information-processing
approach, its concepts and accounts, and the applications of
experimental psychology, and to provide the opportunity of
assessing the influences between theory and practice. No commitment
to a particular model is intended, and the book is not intended as
propaganda on behalf of the information-processing approach. My
view is perhaps best expressed by Broadbent’s (1980) comment that
‘an excessive use of models is a highly inefficient strategy for advance
in a science and may delay achievements which could have been
reached sooner by other means’. Particularly with respect to practical
applications it seems wise to avoid becoming so enthralled by the
model that one overlooks the practical problem.

Some of the activities mentioned at the start of the chapter seem to
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require so little effort, to occur so automatically, and to be so
immediate, that we may need some persuading that there is
something to explain. Others may be dimly reminiscent of childhood
struggles (learning to tie a shoelace), so that it will be more easily
appreciated that since their performance is capable of improvement
(at least at one time of our lives), some consideration of what they
involve would be of interest. Yet others (playing a computer game,
using instruction manuals, mending a plug or fuse), often demons-
trate human performance at its more fallible. Optimization, or at
least improvability, of performance can be seen to be a reasonable
objective. Moreover it will be recognized that the cause of poor
performance is not always to be attributed to the incompetence of
the individual. Instruction manuals may omit crucial information,
or simply be incomprehensible because they get the facts and
operations in an inappropriate order. A piece of equipment may be
designed for self-assembly so that one has simultaneous need of a
surgeon’s fingers, the strength of a lion, and the timing of a
professional juggler. Account is not always taken of the limitations
and capabilities of the human operator or user, so it is important to
delineate them, and a useful adjunct to this is a model of human
performance in the relevant context. Such a model could be
formulated in the light of these abilities and might serve as a device
for summarizing them in a convenient framework. More generally
the model may be used for communicating to the psychological
community a viewpoint regarding the structures and processes that
are currently considered to underpin and mediate the performance of
an activity.

Yet there is no point in pretending that psychologists at large feel
confident in proposing a detailed general model that will apply
across a wide range of operational contexts. There are some
interesting attempts in this direction (see, for example, Broadbent
1984; Welford 1976) though not surprisingly what these models
possess in generality tends to result in a lack of predictive power for
specific circumstances, which is what concerns the applied researcher.
Most accounts, however, tend to focus on smaller models geared to
suitably circumscribed conditions. The common features and
framework of such ‘miniature’ models will become clear below. This
chapter seeks to set in place this kind of general theoretical
framework, before proceeding to the practical issues and problems.
What follows therefore is the developmental unfolding of a general
purpose model in outline form, calling on experimental support

15
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where this can be done with brevity. It is not intended as a model to
be tested to destruction or otherwise, or to be slavishly applied to
practical problems. It is, however, meant to provide a conceptual
context representative of the information-processing approach to
human performance.

Background to information-processing theory

The contemporary emphasis on the component processes underlying
human performance stands in complete contrast to the behaviourist
philosophy that dominated psychology until the 1960s. The view
was that the functional relations between stimuli and the resulting
observable responses were the principal business of psychology, and
that this precluded questions about intervening central mechanisms
or processes. Psychological enquiry about the internal workings of
the brain was considered to be misguided. The development of
information theory in the 1950s was consistent with this standpoint
because it provided a system of measurement that was well suited to
the characterization of functional relations between stimuli and
responses. Ironically it also proved to be one of the means by which
the behaviourist perspective was radically enlarged, and eventually
undermined.

Information theory and psychology

Information theory was developed by communications engineers but
was quickly adopted by psychologists, intrigued by the prospect it
seemed to offer for supplying a metric for assessing human
performance across situations (see Welford 1968). Information
measured in the way proposed by the theory (Attneave 1959; Garner
1962) has no immediate or useful connection with meaning (but see
Dretske, 1983). It is a measure based on the probabilities of the
entire set of possible events in a given situation. An experimenter
may, for example, present a series of visual signals to a subject, each
to be responded to as fast as possible. The subject will see one signal
at a time and there is a unique response (typically a key to be pressed)
for each of the alternative signals. According to the basic axioms of
the theory, the information represented in the signals is specified as
-2 p log p, where the values of p correspond to the probabilities of
the various signals and the summation (indicated by the 2Zsign) is
carried out over the complete set of signals. For equiprobable signals,
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the value of H is log n, where 7 is the number of possible signals. It
was found experimentally that average reaction time to a set of
equally likely signals increased in direct relation not to the value of #
itself but to its logarithm (Hick 1952). Thus, to illustrate, there was
a constant increase in the reaction time each time the set of stimuli
doubled in size. This served to establish that in this case reaction time
varied directly with information H (see Figure 2.1).
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Figure 2.1 Typical relationship obtaining between reaction time and stimulus
information H

But the general expression for H (see above) refers to stimulus
probabilities without restriction, and investigators asked next
whether reaction time would also vary with H more generally. In the
event the linear relation between reaction time and H was also
obtained when H was varied in other ways, for example by
manipulating the probabilities of a fixed set of signals. For instance,
suppose we choose to present a series of four alternative signals. Let
us call them A, B, C, and D. We may now choose the probabilities to
decide the presentation sequence for our experiment. Some examples
are shown in the table below, with the corresponding values of H in
each case. Using a probability manipulation of this sort we should be
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able to obtain confirmation of the direct relation between reaction
time and H (as did Hyman 1953).

Examples of probability combinations and associated values of information H (in bits)

Stimulus Information
A B C D
0.01 0.02 0.02 0.95 0.362
0.05 0.05 0.10 0.80 1.022
0.1 0.1 0.1 0.7 1.357
0.1 0.2 0.2 0.5 1.761
0.2 0.2 0.2 0.4 1.922
0.25 0.25 0.25 0.25 2.000

Findings such as these were followed by a period of enthusiastic
application of the information measure, partly no doubt because it
provided researchers with an economical and general description of
the relationship between certain types of performance and the
stimuli to them. But there was a more significant contribution from
information theory since this development was accompanied by an
increasing acceptance of the associated view of the brain as a
communications system. A simple model of a basic communication
system is shown in Figure 2.2.

SIGNAL|_IENCODING HANNEL[*> DECODING | JJOUTPUT
SOURCE[ "~ [MECHANISM MECHANISM

Figure 2.2 Components of a simple communications system

It is not hard to see how the brain can be seen as analogous to such a
system, though we shall not explore this issue closely. It is, however,
important for our purposes to see that this represented a speculation
about the inner workings of the brain. It is seen as a system for
transmitting information, and subject to the intrusive contribution
of ‘noise’ internally generated or externally imposed. Performance
on a task requiring the faithful mapping of a set of stimuli onto a set
of responses, each uniquely specified by a particular stimulus, will be
degraded to the extent that the central channel is noisy.

The way was opened by such discussions for speculation about the
central mechanisms responsible for the functional relationships that
emerged in experimental work. For example, the linear increase in
reaction time with information was discussed in terms of the way
stimuli might be internally coded or classified (Hick 1952; Smith
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1968; Welford 1960). As a possible explanation of this effect, it was
suggested that when a member of a set of stimuli needs to be
identified, this is achieved by means of a series of decisions
successively narrowing down the possibilities by half each time. A
sequence of ‘binary’ decisions such as this would lead to an increase
in reaction time as the number of possible stimuli increased. But
more to the point, if each binary decision took the same amount of
time, then reaction time would increase by a fixed amount when the
size of the stimulus set doubled, in line with Hick’s (1952)
experimental evidence. We shall not consider the fate in particular of
any of the hypotheses advanced to account for the findings of
research using information theory. More significant for our purpose
is to note the very important shift in the intellectual climate of the
time. While one focus of interest was on the methodological
possibilities offered by information theory, there was at the same
time a significant revival of interest in the mental processes
underlying behaviour.

Computing and psychology

This interest was greatly stimulated by the rapidly developing field
of electronic computing. Ever since its early days the science and
technology of computing has provided a most effective service
discipline for psychology. Applications to psychology have included
data processing (for statistical analyses, for example), the automated
control of experiments, and the computer simulation of complex
psychological processes. The last of these is closely linked with the
field of artificial intelligence. Both areas encourage the detailed
analysis and specification of psychological activities in terms of
component processes and procedures. Moreover the very concepts of
computing have proved to be highly influential in psychology.
Psychology has always found inspiration in the conceptual substance
of its intellectual neighbours (disciplines such as physiology,
linguistics, and cybernetics), borrowing where it could find a useful
analogy (Valentine 1982). And so it has been and continues to be
with computers and computing. There was a short-lived but still
influential controversy about whether the computer could serve as a
model of the brain. Part of the controversy was settled quickly; if it is
taken strictly to refer to the question of ‘hardware’, the analogy is
not a very good one even though similarities do exist between
computer and brain. It is a rather better analogy when considered in

19
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terms of software, the idea being that both the computer and the
brain may be conceived as carrying out a task as a series of
programmed steps. Indeed it is the goal of computer simulation to do
a task in the guise of a computer program which produces outputs as
like those of a human as possible, and via a series of steps and
operations closely resembling those assumed to be used by humans.
In this sense the program specifies a model of the processes of the
mind.

At the same time the concepts and terminology of computing had
a less direct but even more pervasive influence on psychology. A fund
of ideas became available in the form of the structural components of
computers such as buffers, memory stores, content-addressable
registers, secondary storage systems. So did a range of ideas relating
to the way information is handled by computers, such as serial vs
parallel processing, top-down vs bottom-up processing and so forth;
and psychological accounts quickly drew on this repertoire of ideas.
The fundamental assumption is and continues to be that the brain
may be considered as a processor of information. A corollary of this
is that it is profitable to make an analysis of the constituent
processing stages and mechanisms that underly human performance.

Basic components

Cursory analysis of the activities listed at the beginning of the
chapter suggests that a model of human performance might need at
least three basic components: a means for ensuring that information
is picked up, a mechanism for then deciding what action this
information calls for, and a third system for putting the action into
effect. Broad divisions of this type are to be found in models
proposed by various writers (Smith 1968; Sternberg 1969, 1975;
Teichner and Krebs 1974; Theios 1975; Welford 1960). Each was
formulated on the basis of a considered examination of a wide-
ranging experimental data base. In particular, in Sternberg’s case, it
was associated with a formal methodological treatment of the data
designed to aid in the ‘discovery’ of stages of processing (see p. 33).
Yet even though he had resorted to the use of a formal procedure for
this purpose, Sternberg was prompted to comment on the arbitrary
nature of the labels attached to the processing stages incorporated in
any model. Figure 2.3 attempts to summarize the main recurring
features of the models, though it inevitably misrepresents all of them
to a degree.
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input or FIENCODING[/COMPARISON

RESPONSE | IRESPONSE [ _ output or
stimuli

SELECTION| [EXECUTION| ~ response

Figure 2.3 Basic stages of information processing

The choice reaction-time experimental paradigm will serve as the
vehicle for explaining the workings of the summary model; an
example of the task was used in the discussion of information theory
in the preceding section. In this paradigm the subject is presented
with a series of stimuli presented consecutively and drawn in an
unpredictable manner from a set of alternative stimuli. The task is to
make the corresponding response as fast as possible. The stimuli may
be an array of lights, a collection of tones, digits on a screen, spoken
words, pictures, and so on. The important thing is that only one of
the set of stimuli occurs at a time. The subject is usually called on to
respond by pressing one of a set of keys or to say the name of the
stimulus. The experimenter may decide to study performance when
the relationship between the stimuli and the responses may be quite
obvious (e.g., giving the name of each digit as it is presented) or when
an arbitrary relationship applies (e.g., the names of the stimuli and
the responses to them are assigned on a random basis).

What is represented by each of the boxes in the sequence depicted
in Figure 2.3 is a processing stage, at which the information supplied
to it is transformed in readiness for the next stage. The processing
operations in Stage 1, which we denote by the shorthand term
‘encoding’, include the acquisition of the stimulus and the formation
of an internal representation of it. Subsequently, the internal version
of the stimulus is compared, in Stage 2 (‘classification’), with the
memorized representations of the possible stimuli. The advance
achieved by this stage is completed by the forwarding to the next
stage of an indication of which member of the memory set matches
the incoming input signal. (Stage 2 is characterized as the ‘classi-
fication’ stage, not ‘comparison’ as would be appropriate for the
choice reaction task, in order to recognize the generality of demands
at this stage imposed by different tasks. This applies too to other
stages but there seems to be more uniformity about them and their
labels seem adequate.)

Stage 3 (‘responses selection’) is responsible for translating the
input from Stage 2 into a response code, by reference to the mapping
rules which associate the possible stimuli with the appropriate
responses. Having thereby selected the code of the relevant response,

21
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this is passed to Stage 4 (‘response execution’) which deals with the
organization of the response, the movements necessary, and their
execution. Each of the stages takes an amount of time (generally
thought to depend on the complexity of the operations to be
performed), and each is initiated on the completion of the
immediately preceding stage. The flow of information is unidirec-
tional, and the time taken by each stage, in the strongest version of
this kind of model, is unrelated to the time taken by preceding stages.
In short, the model involves the independent operation of sequentially
ordered stages of information processing.

Investigation of the limits to which such simplified models can be
pushed has to a large extent focused on the mode of operation of
particular stages (and it remains the case that after some twenty-five
years little research has been directed at the response-related
processes). For example, the classification stage, being responsible in
the choice reaction task for the comparison of a single item against a
set of alternative memory representations, could complete its job by
making the necessary comparisons one at a time (serial processing) or
more than one at a time (parallel processing). Moreover the endpoint
of the comparison operation could be the discovery of a match, in
which case the mode of operation is described as ‘self-terminating’.
But this is not the only way of doing this, and it is thinkable that the
operation is carried out for all members of the memory set. This
seemingly uneconomic method (for which there is supporting
evidence in at least one vein of research: Sternberg 19735) is referred to
as ‘exhaustive’ processing. The issue is discussed in more detail in
Barber and Legge (1976).

Clearly such a model has limitations, and this can be seen without
reference to an experimental literature. It is limited, for instance, in
relation to its scope. It is intended only to deal with a particular set
of findings, and a particular set of simple activities, namely those
resulting from choice reaction time and like studies. We should bear
in mind that this is to a large extent a self-imposed limitation, not
because of the ivory-tower pretensions of the modellers, but because
of the implicit view that it is sensible to begin with the most
unencumbered type of task, and that in any case this single-
stimulus/single-response paradigm is not wholly unrepresentative of
certain realistic situations (e.g., reacting to traffic signals).

In the context of this research it has been suggested that this sort of
theorizing, even with its limited aspirations, is wrong. For example,
McClelland (1979) has proposed an alternative to the assumption of
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the independent serial operation of stages. He argued that the stages
may be capable of operating as an overlapped sequence. Thus a later
stage is thought to be capable of being initiated prior to the
completion of all preceding ones. Another criticism of the sequential-
stages assumption concerns the one-way nature of the influence
between stages. It is argued that the possibility should be
acknowledged that later stages may exert an influence on earlier
ones. This is referred to as ‘top-down’ processing, in contrast to the
‘bottom-up’ processing assumed for the basic model. Such criticisms
are illustrated in later chapters.

Extending the basic model

The basic model has to be modified in a number of ways if it is to do
service in a useful variety of circumstances. It has some blatant
shortcomings and there are many ways in which it can be added to or
amended with the objective of broadening its scope and its sphere of
application. The attempt will be made in the following to steer a
moderately consensual course through the variations proposed in the
psychological literature. There are two principal aspects of the
model which call for development and qualification. They relate to
what in textbooks are referred to as attention and memory. These are
the two most heavily researched areas related to that from which the
model has emerged, but there are others undoubtedly as important
which have yet to come into effective contact with the information-
processing approach. Topics with a long psychological heritage such
as learning, emotion, and motivation should be included in our
coverage, but they unfortunately sit somewhat beyond the pale most
of the time in the contemporary research effort. The facile
assumption that they could be represented in an extended model as
external parameters to be tweaked one way or another to vary the
efficiency of the information-processing system will not be made and
should be resisted. It is more than likely that the whole perspective
of the information-processing approach will need to shift to
accommodate these factors, and we should be frank in admitting the
tentative nature of the present conceptual framework. But while
we must therefore accept the highly limited scope of our present
universe of discussion, we shall make the effort to extend it and
our model at least to include the contributions of attention and
memory.

23
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Attention

Because of the flood of information received by our sensory systems
it has been argued that there must be some sifting and selecting
among the various sources of information (or inputs) available to us
at any instant. As presented above the basic model assumes that this
job has already been achieved, and that a neat flow of information in
convenient packages (such as can occur in laboratory experiments)
has already been arranged. But this avoids the key issue of just how
the information-processing system manages this problem in normal
circumstances, with different inputs ‘competing’ for attention. To
introduce a realistic dimension into the model we could include a
component responsible for selecting information, and this will be
considered later in this section. First, however, it is necessary to
examine and explain the concept, attention, which has been brought
into the discussion. It will be helpful to see the concept in a historical
perspective.

It is a widely held view among cognitive psychologists that the
study of cognition was more or less in abeyance for some thirty or
forty years following the rise of behaviourism at the beginning of the
twentieth century. This terminated with its decline in the 1950s and
1960s when cognition re-emerged as an important topic of study in
the context of the development of information-processing analyses
of performance. This is illustrated in particular by the fate of
‘attention’, a concept central to cognitive psychology and arguably
representative of its repertoire of basic terms. Writing of the period
between the First World War and the 1960s, Neisser (1976) stated
that ‘there was no work on attention’. This exaggerates the demise of
the concept since some seminal work was done on attention during
the reputedly dark ages of behaviourism (Lovie 1983). It is, however,
fair to say that contemporary psychology relies extensively on
concepts, including attention, that were once referred to in a
disparaging way by behaviourists as ‘mentalistic’, and were
considered to be scientifically unrespectable in the positivist
intellectual climate of the early twentieth century. The difficulty of
agreeing acceptable definitions of processes invisibly (and hypo-
thetically) lodged in the privacy of the working brain led to them
being set aside from scientific consideration. It was partly in reaction
to inappropriate restrictions on what could be studied scientifically
that so-called mentalistic concepts were dusted off in the 1960s and
1970s, and have returned to full favour today.
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Their reinstatement was also partly motivated by the pressure to
deal with practical problems that were manifestly best characterized
in terms of mental constructs like attention. Thus the performance
of radar operators on lengthy watches regularly showed a decline in
terms of the number of signals detected that was consistent with the
operators suffering lapses of attention increasing in frequency as the
watch proceeded, with the most marked increase in the early stages
of the watch. While this may not be the only explanation of the
so-called ‘vigilance decrement’, it is a possible one, so long as we
allow ourselves to use the term attention and agree what it is and
how it works. But what is it, then?

Taking everyday experience as a starting point, everyone knows
what it is like to find attention wandering during a lecture or
sermon, and to be sharply told to ‘pay attention’, or to be enjoined to
‘turn your attention to the top of the page’. It is also a familiar
experience to try to attend to more than one thing at a time - the
milk in the saucepan and the ironing, the conversation and the road
ahead, the passage of time and the examination essay. Or to have
one’s attention caught by a newspaper headline. From these
examples it can be seen that attention may be focused, divided,
shifted, or even involuntarily captured. But it does not follow that
these familiar uses of the term are what is intended by psychologists
when they talk about attention in a technical way.

It certainly was when the information-processing approach was in
its early days. As well as the vigilance problem, there was great
interest in the conditions under which an operator (such as an
air-traffic controller) could divide attention between two or more
simultaneous auditory messages, and the characteristics of an
auditory message which would enable the individual to lock
attention on to it to the exclusion of other distracting messages
(Broadbent 1958). The early studies made extensive use of methods
in which two auditory messages served as sources of information
presented one to each ear. This was known as the dichotic listening
paradigm, and subjects were typically required to give priority to one
of the messages (the primary source or channel) over the other (the
secondary source or channel). In one particular version of the task,
attention was strongly focused on the primary channel by requiring
the subject to repeat, or ‘shadow’, every word of the message. The
evidence suggested that subjects were unable to pick up very much
information from the secondary source/channel. They could not, for
example, do much more than identify the gender of the speaker on
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the unattended ear when shadowing, and they might not even
know what language was being used. This kind of evidence was
consistent with the idea of a filter placed early in the information
flow which selected information in an all-or-nothing fashion for
further processing on the basis of physical properties like ear of
arrival, intensity, pitch, location in space. This was the conclusion
reached by Broadbent (1958) in the first information-processing
analysis of attention. This raises the possibility of inserting
‘attention’ as a component in the existing model sequence of Figure
2.3 as a distinct processing ‘stage’. But to do this the model would
have to be elaborated in another way because it presently deals with
only a single source (or stream) of information. The model needs to
accommodate the competing streams in some way, possibly by
incorporating parallel components for the alternative inputs, up to
but not beyond the ‘attention stage’. This in turn raises another
problem, namely where in the sequence to place the attention stage.

In addition, the nature of its mode of operation would need to be
clarified. Evidence on this point was obtained when it was found
that information was occasionally reported from the unattended
channel that implied that it had been subject to semantic processing.
Moray (1959), for example, found that subjects would sometimes
respond to the occurrence of their own name in the unattended
channel. And Treisman (1960) found that subjects would incorporate
into the shadowed message words from the other message if they
were contextually sensible. It thus became apparent that the filter
must be more subtle in operation, not simply shutting out certain
input characteristics, and selection was achieved by a process of
‘attenuation’ of the unwanted information (Treisman, 1960). Thus
aspects of the unattended source would pass through the filter in a
reduced form, and occasionally evoke a response, particularly if they
were highly pertinent to the individual. At the same time the ‘filter’
mechanism is not tuned purely to arbitrate about the acceptability of
events on physical criteria, but it is also sensitive to quite complex
attributes of the input, including their meaning to the receiver.

As to the locus of selection, and hence the point in the processing
sequence where attention should be inserted in Figure 2.3, nothing in
the evidence described so far forces the conclusion that selection
occurs at an early stage of processing. Indeed an alternative account
was developed by Deutsch and Deutsch (1963) and Norman (1968)
which held that the initial treatment of information on the attended
and unattended channels is the same. According to these theorists
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selection is delayed until a response has to be selected, or information
must be stored in memory. Only at this relatively late stage of
processing are the assigned priorities of the messages put into effect.
Empirical tests of the early and late theories have been reported
(Treisman and Geffen 1967; Treisman and Riley 1969; Moray et al.
1976). Some of the evidence supports an early locus for attentional
selection and some supports both an early and a late locus. Neither
position is unequivocally supported and this is recognized in the
present account by allowing attention to be focused at any processing
stage.

Although the locus of selection has continued to be of interest, a
climate of opinion (as opposed to contrary evidence) has built up
against the idea that attention should be thought of as a processing
stage, or as a characteristic of a unique processing stage. Instead
attention has come to be considered as a matter of the allocation of
processing resources, with information sources and processing
operations attracting more or less resources as the task demands
require. This is reflected in Figure 2.4, showing a graphic
representation of attention as a potential moderating influence on
information-processing operations. The assumption of parallel
processing of different inputs is widely accepted, with attentional
selection among them corresponding to the balance of the resources
allocated. Hence the input which is allocated the lion’s share of the
attentional resources is processed the most efficiently. Since it would
only clutter the figure, the possibility of parallel processes is not
shown in Figure 2.4. Attention and performance are discussed
further in Chapter 5.

Memory

We have admitted our fallibility as information processors by
accepting that we cannot deal with all of the inputs we are
confronted with at any given instant, and by postulating some
arrangement for attentional selection. Another way of dealing with
this flood of information, to enable us to check whether something
significant has taken place on an unselected ‘channel’, is to retain a
momentary copy of other inputs to be assessed as soon as the main
processing activity allows. This would require a buffering system,
acting as a brief memory of recent events which have yet to be
processed centrally. Such a system would provide an extended
opportunity for processing inputs effectively, and also for regulating
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the rate of flow of information. It remains unclear which processing
stage(s) — in the terms of the model — would be likely to receive this
kind of supportive treatment.

Aside from the involvement of memory in the attentional control
of performance, we need to examine the role of memory in our basic
model because at each of its processing stages the storage of
information seems to be implicated. For example, Stage 2 hassuch a
requirement for the memorized set of alternative stimuli, and Stage 3
has a similar requirement regarding the alternative responses. Stage 4
may be thought of as drawing on stored specifications of motor
responses, possibly in the form of procedures for coordinating and
sequencing the muscular actions called for (Legge and Barber 1976).
It is less intuitively obvious that Stage 1 may also involve special
memory demands, although it is the most obvious candidate for the
kind of informational support discussed in the previous paragraph.
The assumption is that there is an early memory store which involves
a very brief form of storage of the information in a fairly direct and
unprocessed state. Indeed information models generally include an
array of sensory memories or ‘buffers’ specialized to deal with visual,
auditory, olfactory, kinaesthetic, and other types of input. And a
distinction is usually made between peripheral memory, as implicated
in the operation of Stage 1, and central memory, as drawn on by
Stages 2 and 3. The former is highly transient, and the latter
relatively long-lived.

Some practical illustrations of the relative degrees of permanence
of different kinds of stored information are helpful at this point.
Information presented in the form of a succession of manufactured
components to the worker in the quality-control section of a
production assembly line must be examined while available; the
components themselves contribute an external referent so that the
memory of their form and characteristics is a trivial and exceedingly
transient aspect of the task. On the other hand what constitutes a
faulty component must be a matter of more or less permanent record.
The command to a military helicopter pilot to change radio
frequency must be acted on promptly to ensure continuous radio
contact, but until it is acted on, the specification of the new
frequency must be remembered. Similarly the address to which a taxi
driver is heading has to be memorized for the duration of the journey.
(Of course such trivial and transiently needed facts can often be
remembered for some time afterwards, as everyone can verify, but
this is an incidental and by no means a guaranteed outcome). Other
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data do call more positively for permanent storage, such as the names
and faces of one’s friends and colleagues.

Although it is a view that is not without its critics (see Crowder
1982), it is almost conventional - and certainly convenient for us —
to distinguish between a short-term active form of central memory,
and a more permanent or long-term form. The former provides a
kind of working area, in which information can be held for a short
period. Such an activity is considered to require effort, and the
storage of only a limited amount of information can be handled by
this working memory, usually found to be about seven or so items for
most kinds of materials like digits, names, and so on (Miller 1956).
It is thought that the active rehearsal of information (like a
telephone number while dialling, or just acquired directions on how
to find your way in a strange city) implicates working memory. If
information is not maintained by rehearsal then it is rapidly lost, as
if subject to spontaneous decay over time. Indeed in the classical
experiment by Peterson and Peterson (1959) the subjects tended to
forget something as simple as a single string of three letters (e.g.,
TFK) in less than twenty seconds, if they were prevented from saying
it to themselves (by having to count backwards in threes from a given
number) in the interval between presentation and testing.

As the term also suggests, working memory is considered to be
involved in the work done in transforming, reducing, and elaborating
information for the purposes of more economical storage, the
combination of information from other sources, and the solving of
problems. According to Baddeley and Hitch (1974), working
memory is best thought of as a system for the short-term retention of
information and certain executive operations relating to decision-
making and control. The latter function of working memory is
poorly specified at present (Gregg 1986) but may be involved in the
control of activities like rehearsal (Baddeley 1983). There is no
doubt that the organization and temporal coordination of the
component processes associated with any activity has to be accounted
for, though whether or not this is intimately connected with working
memory is not clear.

In short, working memory is a kind of desktop, a workspace for
holding information needed temporarily for the purpose of some
other processing activity (Anderson 1980), and its holding capacity
is limited in amount and time. In contrast permanent memory or
long-term memory is considered to have a capacity that is effectively
unlimited, not in the sense that one can remember all that one
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wishes, but that the size of this store is capable for all practical
purposes of being extended indefinitely. It is the repository of our
knowledge of the world. It includes verbal knowledge (our internal
dictionaries, associations between the entries therein, knowledge of
grammatical rules, how words are spelled, and so on); knowledge
relevant to skills we have learned like how to utter words, play
games, ride a bicycle, read a book, and how to get from home to
work; our plans and goals; our beliefs and opinions. One final
consideration is that information reaching permanent memory is
considered in most accounts to arrive via the working memory, so the
latter also serves as an information-transfer system.

Although research on memory is somewhat outside the scope of
this book, an information-processing model would be incomplete
without peripheral and central forms of information storage.
Moreover many of the activities we discuss involve the contribution
of permanent memory (e.g., remembering faces, reading text, and
using items of domestic equipment, etc.). Full treatments of the
issues and evidence bearing on central memory are provided in
Anderson (1980), Dodd and White (1982), and Gregg (1986).
Greene (1987) discusses memory with particular reference to
applications and practical problems.

To make full allowance for memory factors within the information
processing model (Figure 2.3), we should need to have a detailed
view about the structures and processes involved. What has been
reviewed in this section makes it clear that commitment to a position
at a detailed level is not appropriate for present purposes, nor is it
feasible across the range of topics to be discussed because theoretical
convergence on such a position has not yet taken place. An attempt is
made to capture the general essence of the requirement for
information storage and retrieval by adding a general undifferentiated
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‘memory’ component to the model. This does not explicitly allow
for the theoretical refinements and distinctions referred to above,
because they remain in most respects a matter of controversy. The
general position represented in Figure 2.4 is that memory facilities
are available at all stages of information processing, with the
activities of storage and retrieval indicated by the two-way flow of
information in the diagram.

Methodological considerations

One of the most striking characteristics of the information-
processing approach, which is brought out clearly by our ‘basic
model’ is the assumption of the modularity of the processing system.
Processing stages are components or modules contributing to the
functioning of the overall system. It would be a mistake to be
tempted to suppose that the modularity assumption commits us to
the strong view that the modules are impregnable islands of
processing activity, responsive only to the direct inputs to them and
insensitive to the processing operations around them. Whether this is
so to a significant extent is part and parcel of what is at issue. It is,
after all, perfectly possible to describe a business organization as a
collection of departments having a modular form without making
the assumption that their operations do not exert mutual influences.
The full characterization of the organization will consist of
clarifying the functions of the departments, and the nature of the
mutual influences. It is true, however, that there is at least one
methodological technique in common use in psychology which is
geared to the strong assumption of independence of processing
stages. It is particularly useful early in an investigation when the
outline of the structure of the information-processing sequence is
being established. It can also serve to test how far the independence
assumption may be pressed.

The ‘discovery’ of processing stages

The method, known as additive factors logic (sometimes subtractive
logic is the term used), is a relatively recent extension of an analytical
technique invented over a century ago by Donders, a Dutch
physiologist, whose pioneering work on reaction time was published
in translation on the occasion of the centenary of his most influential
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paper (Donders 1969). The notion was that a stage in the
information-processing sequence might be added (or deleted) by a
well-chosen variation in the task demands. The resulting change in
the time taken would indicate the time occupied by the additional
(or missing) stage. Consider the basic model in Figure 2.3. Perhaps
we could devise a task in which Stage 2 was omitted. The time taken
by the new task would, on the assumption that Stages 1, 3, and 4
worked as before, be abbreviated by the amount of time occupied by
the central ‘classification’ stage.

The technique worked well in the hands of Donders, who devised
three simple tasks, referred to as the a4-, b-, and c-reaction tasks,
designed to involve different mixtures of the processes of stimulus
detection and discrimination, response choice, and motor respond-
ing. All of the tasks involve the detection of the stimulus and the
production of the relevant response. The a-reaction task, with the
same signal and the same response on each trial, involves only these
basic components; no stimulus discrimination is needed and the
response has only to be executed not selected. For the b-reaction task
there are two possible visual signals, and the subject responds as fast
as possible via the appropriate one of a pair of response keys to each
of a series of the signals; so there is discrimination between signals,
and the selection of one of two responses. The c-reaction task
involves the presentation of either of the two signals but only one of
them calls for an explicit response; so, according to Donders, there is
stimulus discrimination and no response selection. The difference
between ¢ and b therefore gives a measure of the time to select the
response, and that between ¢ and a gives a measure of the time to
discriminate between the stimuli.

The method fell into disuse for various reasons including
uncertainty about the nature of the processes involved in the
different tasks. For example, it was argued that in the c-reaction,
although the response choice is not the same as that for the b-
reaction, the subject does nevertheless have to decide whether or not
to respond. Hence on this reasoning the differences between b and ¢,
and between ¢ and 4, are not those assumed by Donders (for further
discussion see Legge and Barber 1976; Pachella 1974; Sternberg
1969). A development of this general line of thinking is due to
Sternberg (1969, 1975). According to Sternberg, however, the
addition and deletion of stages is not the only means whereby
changes in processing times may be brought about. Instead
experimental variables can be manipulated that lead to an



Downloaded by [National Library of the Philippines] at 22:35 01 November 2017

THE INFORMATION-PROCESSING APPROACH 33

extension or contraction of the durations of one or more stages.

Sternberg’s additive-factors logic, a method for ‘discovering’ the
underlying stages of processing, is widely used, and has become a
basic tool of the information processing approach. The rationale of
the method of additive factors is that variables (or factors as they are
called), with effects on separate independent stages, will be found to
influence reaction time in an additive fashion. If the joint effect of
two or more factors when applied in combination is the simple sum
of the separate effects of the factors considered in isolation, then they
are said to be additive. For example, Sternberg (1967) varied
stimulus degradation (by presenting the stimulus alone or super-
imposed by a checkerboard pattern to decrease its legibility) and
memory load (by varying the number of digits to be remembered).
He found that the two variables combined additively, and inferred
that they influence separate stages. This approach has been applied
on a wide scale by Sternberg (1969, 1975) with a notable degree of
success (for a recent collation of the results of research analysable in
this way, see Wickens 1984).

But while the search for additive factors is accepted as a useful
research strategy by stages theorists, it can be argued that it is
unsatisfactory on logical grounds because the researcher has to look
for factors that do not interact statistically. This requires the
acceptance of a statistical null hypothesis, something which is
considered to be theoretically suspect. The problem is that it only
takes a bad experiment, with crude measurement or poor experi-
mental control, to produce evidence consistent with the null
hypothesis. Some researchers for this reason feel more comfortable
looking for evidence leading to the rejection of a null hypothesis not
its acceptance (as suggested by Taylor 1976), and this entails doing
experiments in which interactions occur. Although there are
alternative explanations a possible inference from evidence of an
interaction effect between two factors is that they affect the same
processing stage. The method is increasingly hedged about with
various technical qualifications and refinements, but continues to be
used as a means of probing a problem (Wickens 1984). The additive
factors approach is illustrated later in the book.

Summary

In this chapter a general-purpose theoretical framework has been
developed in the form of a basic information-processing model of
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performance. The background of the information-processing
approach, in information theory and computing, was traced. A basic
model of the processing stages intervening between stimulus and
response (input and action) was outlined, and some of its short-
comings noted. The nature of information-processing operations was
explored, and the need for attentional and memory components in
the model was established and a modified working model proposed.
Methodological considerations relevant to practical and theoretical
developments and applications of the information-processing
approach were discussed. This focused on the subtractive and
factorial logical methods used in the ‘discovery’ of processing stages,
a set of methods which assume that information processing is of a
discoverable modular nature. The outline model developed in this
chapter will not be tested to destruction since its role is to provide a
means by which the reader may find it convenient to orientate
relative to the topics discussed. The next four chapters range over
topics combining practical and theoretical issues. More details of the
mode of operation of the hypothetical stages and components of the
outline model are described.
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3 FACES: THEIR PERCEPTION
AND MEMORY

In this chapter we examine some of the practical aspects of perceiving
and remembering faces, and illustrate why, aside from the intrinsic
interest in understanding how we deal with facial information, this
is a topic of broad theoretical relevance. We begin with practical
questions, such as the possibility of improving face recognition on
the part of those for whom it is an important professional skill, some
aspects of the procedures used in connection with evidence of face
recognition given by eye witnesses, and a discussion of the systems
used to help witnesses reconstruct facial images. The inevitably
restricted data base that this leads to is supplemented by experimental
studies of face recognition taking a closer look at some theoretical
issues.

Face recognition may be an element in the evidence given by eye
witnesses in legal and similar proceedings, and there is a natural
fascination in the question of misidentification because of the
unnerving possibility of a prosecution being instigated on the basis of
mistaken face identification. In fact a variety of checks and balances
are applied in different judiciaries to the admissibility and status of
identification evidence, and law enforcement agencies use well-
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defined procedures to obtain such evidence. In general faces are
important social stimuli because they provide one means whereby
one individual can recognize or identify another. Furthermore the
face may convey information about its owner’s age, race, gender,
state of health, and emotional state. In some circumstances to fail to
be recognized by someone may be a social signal about one’s status or
attractiveness, and to fail to recognize an acquaintance or friend may
be a cause of social embarrassment. Moreover there are some jobs
where unsuccessful facial recognition may be a source of professional
difficulty, and this includes security attendants and police personnel,
and may extend to teachers and social workers and the like. Indeed as
we shall see in the next section, the practical importance of quick and
reliable recognition of faces has increased to the point where a need
has been identified for training courses to teach and improve face
recognition skills.

Practical matters: training in face recognition

An existing training course designed to enable the participants to
improve their recognition of people was chosen for study by
Woodhead, Baddeley, and Simmonds (1979). Various aspects of
recognition were incorporated into the training programme, but the
main one was face recognition, emphasizing in particular the need to
consider the specific features of a face. Training, using the Photofit
kit (see p. 43) as the principal demonstration aid, was intensive and
lasted for three days. Woodhead, Baddeley, and Simmonds tested the
recognition memory of trained and untrained subjects for a set of
twenty-four photographs of faces. Relative to their own pre-training
scores, the trained subjects showed no improvement in recognition
due to training, and they were at no advantage relative to the control
subjects. All subjects performed less well on faces that were shown
with a change in pose (full-face vs. three-quarter turn) or expression
(smiling vs. unsmiling), and could only manage a chance level of
performance when the faces were disguised by means of glasses,
change of hairstyle, beard, and so forth. Because recognition was
affected in this way, it follows that the experimental method was
sensitive enough to detect changes in performance that have
routinely been obtained in other studies. Any advantage supplied by
the training method would have to be subtle indeed to escape
detection, and it can at least be concluded that the method did not
help trainees to penetrate quite simple variations and disguises.
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In two further experiments, Woodhead, Baddeley, and Simmonds
used a matching task, with the subject comparing a set of full-face
photographs with a longer series of slides including the target faces
always in a different pose and with a different expression. So now
the observers had the target faces available for reference during the
ten-second exposure of each slide, and they had to indicate whether
or not the face on the slide matched one of the target faces. Again
there was no advantage attributable to training, and if anything the
trainees’ performance declined slightly.

Woodhead and her colleagues were taken by surprise by the
outcome of the investigation because they had been impressed by
how the course was put into effect, and were convinced by its
rationale. Their preferred explanation as to why the course failed to
improve performance (as they measured it) was that it placed undue
emphasis on the importance of individual facial features. There is
indeed increasing agreement that, while the constituent individual
features of a face can be processed in a piecemeal analytic fashion, a
complete model of face recognition needs to allow for the possibility
that the information in a facial pattern is processed holistically. In
this way structural characteristics and relations between features
become important, and this is discussed further below.

An alternative explanation for the failure of face recognition to be
much influenced by special training is that face recognition levels off
in adulthood some way below perfection but is nevertheless not
improvable in practice. Why this might be so is not obvious but it
should be noted that we do receive exposure to faces on a massive
scale, and go on successfully learning to recognize and identify new
faces throughout our life spans, at least those faces that are socially
significant to us. Face recognition may be unusual in being a
perceptual skill, dealing with a ‘vocabulary’ of thousands of unique
but highly similar stimuli, that is more or less universally acquired
without special training and seems effortlessly to reach a very high
level of proficiency (perhaps in these respects resembling speech
recognition). There are of course highly specialized perceptual
discriminations, such as are involved in distinguishing between
wines, and classifying X-rays, which do improve with extensive
practice and training. Others, such as identifying the members of a
closed set of stimuli like the letters of the alphabet, reach a level of
perfection well before adulthood. Possibly the limiting factors in the
case of faces are the high average similarity among them and the sheer
size of the set of known faces.
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How well are faces remembered?: laboratory studies

Memory for pictures and for words can supply benchmarks against
which to compare memory for faces. Picture (and face) memory is
most commonly tested in psychological experiments by recognition
methods. For example, the task may be to state whether or not the
members of a series of stimuli have been seen before, or in a more
elaborate variation to indicate which of a pair of stimuli has been
seen previously. The subject may in addition meet a more demanding
requirement — identifying the stimulus, naming the face or stating
what object or scene is depicted. Recall of verbal material is straight-
forwardly testable by asking the subject to reproduce the to-be-
remembered material in oral or written form, but face and picture
recall are more problematical because it is difficult to design a
satisfactory method for reproducing the stimuli.

Performance levels in picture recognition tasks are usually very
high. Following the presentation of a series of stimuli, it is common
for recognition to be tested with the use of a sample of the original
set of stimuli, the assumption being that the performance on the
sample is representative of the subject’s memory for the whole set.
One typical method of testing recognition is for the subject to be
shown on each trial one of the ‘old’ stimuli from the original
presentation along with a new one, and to be asked to indicate which
of each old-new pair has been seen before. The subject has to choose
one of them and this is called a ‘forced-choice’ procedure. It was
used, for instance, by Shepard (1967) who reported his subjects as
achieving 97 per cent accuracy, testing them on sixty-eight old-new
pairs to sample a series of 612 pictures; performance was still above
chance level 120 days later (57 per cent correct). Standing, Conezio
and Haber (1969) reported better than 90 per cent accuracy on a
series of 2,560 pictures each shown for ten seconds and tested by 280
forced-choice old vs new trials. Face memory may also be most
impressive, as demonstrated by Hochberg and Galper (1967) whose
subjects’ recognition performance was about 90 per cent correct, on a
task procedurally similar to that of Shepard (1967) with a forced-
choice test sampling memory for some sixty face photographs by
means of fifteen old—new pairs.

Standing (1973) compared memory performance for various
kinds of material, including faces, pictures, and words. Picture
memory seems to be rather better than face memory when tested on
comparable tasks and procedures, and face memory in turn seems
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rather better than memory for lists of words. Although it makes little
practical or theoretical sense to compare levels of performance in this
way it is instructive to consider the comparability of the task
requirements in order to understand more clearly what is involved in
different memory tasks, and possibly what is distinctive about the
memory representations involved. Pictures frequently supply a rich
variety of visual information and their distinctiveness in this respect
may be what marks them out as specially memorable. Clearly
pictures may vary in minor details from one occasion or aspect to
another, and no doubt the similarity of old and new items in a
recognition test could be increased to a point at which performance
declined. Investigators have to resort to this kind of manoeuvre to
cause a marked drop in picture recognition memory (e.g., Goldstein
and Chance 1971).

Although there must be infinitely many ways in which faces may
vary physically, the perceptually significant variations among them
are surely less than those among pictures, and the intrinsically greater
similarity among faces probably accounts for the poorer performance
in face recognition tasks. Indeed it testifies to our great sensitivity to
the fine differences between faces that performance can be maintained
at the high level that it is. Nevertheless it is not difficult to create
conditions in which face memory is poor, for example as we have
seen, by making quite small changes to the face by the addition or
deletion of a feature like a moustache, beard or spectacles, or by a
change of hairstyle.

An intriguing and offbeat illustration of what can be achieved in
the sphere of identification is provided by the description by Bateson
(1977) of a student of his (DKS) who could identify several hundred
wild swans at a nature reserve in East Anglia. She claimed that she
could remember 450 of them by names she had given them. To test
her ability, each of a sample of 100 of some 850 of the swans was
photographed, and named by DKS as it was photographed.
Presented with a sub-sample of thirty of the clearest photographs,
prepared so that incidental background cues were eliminated, she
correctly identified twenty-nine of them. The one on which she
failed was the only unfamiliar swan in the total of 100 and had not
yet been named by her. Her performance was also most impressive on
more obscure photographs, and extrapolating from her performance
on these photographic samples, it seems that her claim was justified,
and was indeed on the conservative side. Aside from illustrating the
extraordinary capacity for identification that humans can achieve,
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this is suggestive of a method that might be used to supply a
conservative estimate of how many faces people exposed to a ‘closed’
community can identify.

In practice faces constitute an open set of stimuli, like many other
natural classes of objects like trees, cats, and so on, but unlike them
frequently having to be remembered for being unique. In ordinary
circumstances therefore we can seem not to be pressed to a limit that
becomes apparent, unless we measure performance by some quite
rigorous means, such as insisting that the face is associated with the
owner’s name and other verbal attributes. Although it seems likely
that we can each identify hundreds and possibly thousands of faces,
this is a matter about which there appears to be no reliable evidence
and the actual limitations on real-life face-identification perform-
ance, whether for open or closed sets, are simply not known.

Eye-witness testimony: face recognition evidence and procedures

Memory for a face may often be tested in everyday circumstances
that are far from ideal and it would not be surprising that
performance outside the laboratory fell some way short of the levels
that are routinely achieved in experiments. We need to be circumspect
about generalizing from laboratory studies of face recognition,
although studies like that of Woodhead, Baddeley, and Simmonds
(1979; see also Patterson and Baddeley 1977) showing how easily
faces may be disguised do seem to have external validity. Face
identification by eye witnesses to a crime may be subject to a number
of influences not normally operative in laboratory studies, including
the very high levels of arousal that may accompany the experience of
a criminal act. In general the circumstances in which the face was
first seen by an eye witness will differ markedly from those applying
when its memory is tested. Indeed if the situational context in which
a particular item of information originally occurs needs to be
reinstated for memory to be successful, faces present in criminal acts
will be hard to recognize or recall (without a realistic mock-up of the
crime).

Psychological studies on the matter of face identification range
over many other aspects of procedures and circumstances, and there
is an increasing amount of specially designed research into the issues
surrounding this kind of evidence. Much of the research leads to
findings which are noncontroversial and intuitively predictable.
Thus face recognition declines with an increasing lapse of time
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between the initial presentation and the recognition test. Egan,
Pittner, and Goldstein (1977) have demonstrated this in a realistic
context, confirming the findings of laboratory studies such as that of
Shepherd and Ellis (1973). Egan, Pittner, and Goldstein found that
performance remained above a chance level until some eight weeks
had elapsed. Shepherd and Ellis’s evidence includes the finding that
distinctive faces, designated as such by perceptual judgements, were
forgotten less rapidly than undistinctive ones. Egan, Pittner, and
Goldstein also reported a significantly higher correct identification
rate for a live lineup than a photographic recognition procedure,
with the same chance of making false identifications.

Precautions are necessary to avoid witnesses identifying a suspect
while confusing the circumstances of the original encounter, for
example, whether at the scene of the crime or when viewing police
files of photographs (‘mugshots’, as they are known). In a study by
Brown, Deffenbacher, and Sturgill (1977) a large class of students
were asked without warning to pick a so-called criminal from a
range of mugshots. The ‘criminals’ were people who had earlier
distributed examination materials to the class, some of whom were
seen and some not. Some days later each member of the class picked
the ‘criminals’ from a live lineup. The proportion of criminals
‘indicted’ if their faces were seen at the mugshot phase as well as on
the original occasion of the ‘crime’ was 0.45. The proportion of
indictments for those not seen at the crime or mugshot phases was
0.18. Undoubtedly the participants of this study did not treat it with
the seriousness that a genuine crime would merit, and this high false
indictment rate may be unrealistic. What is perhaps more important
for practical purposes is that the indictment rate was 0.29 if the
target face had been seen first at the mugshot phase (and not at the
crime). This is reliably higher than the value of 0.18 obtained when
the criminal was first and only met at the lineup. Thus an encounter
at the mugshot phase served to increase the chance of false
indictment. It is possible that subjects simply confused the
circumstances of the encounter with the face in question. This is
consistent with the findings of another experiment by Brown,
Deffenbacher, and Sturgill (1977) in which they showed photographs
of faces to subjects in two rooms and later asked them to select the
previously seen faces from a series of old-new pairs, and to indicate
for each choice in which room it had been seen. While face recognition
was very good (96 per cent correct), subjects indicated the correct
room at a rate only a little above a chance level (58 per cent).

41
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A further illustration of the practical problems of identification
procedures which bears on face recognition, particularly from a
methodological point of view, is the effect of similarity on the
chance of being picked out from a lineup or identity parade. Davies,
Shepherd, and Ellis (1979) found that successful identification of a
target face among a set of alternatives (also known as distractors,
decoys or foils) was not affected whether the alternatives (including
the target) were similar or dissimilar, but the number of false
identifications was markedly higher when the set of alternatives was
highly similar. In an earlier study, by Buckhout, Figueroa, and Hoff
(1975), the target face was emphasized by being printed at an angle
and with a distinctive expression, and subjects nominated this face
as the suspect more often than when it was not emphasized in this
way. This effect was enhanced by suggesting that the suspect was
definitely in the display, signifying an even greater readiness by the
subject to rely on the misleading cue. How similar the alternatives
should be is not a matter that psychologists can decide, of course,
though their evidence is a source of information about the likely
consequences in terms of false identification rates.

An interesting suggestion about how to assess inter-item similarity
among the alternatives for live lineup or photographic procedures
has been made by Wells, Leippe, and Ostrom (1979). This is to
measure the effective size of the set of alternatives by employing
subjects who have not seen the suspect but are given the witness’s
verbal description of him/her and are asked to identify the suspect on
this basis. Clearly if the verbal description refers to the suspect being
bearded, for example, and the suspect is the only bearded member of
the lineup, then even non-witnesses could infallibly pick the suspect,
and the effective size of the lineup would be only one. In general a
non-witness should have only a chance probability of selecting the
suspect, and so the effective size of the lineup can be estimated from
the number of successful non-witnesses. Wells employed this method
to assess the lineup procedure in an actual bank robbery case in which
a suspect was identified from a lineup of six people, so one-sixth of
the non-witnesses should have been successful by chance. In the event
the suspect was successfully identified by twenty-five out of forty-
one individuals who were not witnesses, and the effective size of the
lineup was considered by Wells, Leippe, and Ostrom to be 41/25 =
1.64 instead of the nominal value of 6. This is near to the point at
which the non-suspects could have been omitted!

Further discussion of the specifically ‘psycho-legal’ considerations
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to do with face identification is to be found in Deffenbacher and
Horney (1981). Relevant evidence is also to be found in the next
section on face-recall systems, which are normally employed to help
witnesses provide descriptions of suspects.

Recalling a facial image: face-recall systems

Experimental evidence

Drawing a sketch seems the natural and obvious way of recalling a
face and communicating it to others, but too few of us are good
enough at drawing for this to be a generally useful method, and the
police certainly cannot reply on a lightning sketch-artist being on
hand among the witnesses to a crime. These considerations, coupled
with the apparent difficulty that people have in giving verbal
descriptions of faces, account for why face-recall systems like
Photofit and Identikit have been in such wide use. These systems are
designed principally to help witnesses construct a facial likeness of a
person wanted for questioning by the police, and pictures of faces
produced by these means are regularly published in newspapers and
on television. The Photofit system (Figure 3.1) consists of numerous
instances of each of five facial features (forehead-hairline, eyes,
nose, mouth and chin). Each feature is a black-and-white photograph
taken from a real face, and the whole set of alternatives are arranged
as a booklet, with similar features (e.g. thick lips, close-set eyes)
grouped together. Witnesses pick out an instance of each feature that
is most like the feature of the face being reconstructed, and the
selected features are placed together to form a face. This can be
revised by replacing features, or by moving forehead and chin, until
the witness is satisfied that a good likeness has been produced.
The Photofit system has been experimentally assessed and the
conclusion from these experiments is that it has shortcomings as a
system for recalling faces (Ellis, Shepherd, and Davies 1975; Ellis,
Davies, and Shepherd, 1978). In the first of these studies, subjects
asked to reconstruct a pair of Photofit faces had difficulties in select-
ing the correct set of features from memory, and this was true even
when the target face was continuously present. The latter finding is
particularly disarming though it could be argued that witnesses have
to remember actual not Photofit faces in real life. Hence, in a second
experiment, Ellis, Shepherd, and Davies (1975) used photographs of
real faces each of which was to be reconstructed from memory using
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Figure 3.1 A famous face constructed by a skilled Photofit operator with a
photograph in front of him. The photograph was that of Margaret Thatcher, the
British Prime Minister. Would you have recognized her from the Photofit? See also
Figure 3.2

Photofit features, immediately after ten seconds’ viewing. The
reconstructions were later presented to another independent group of
subjects who were asked to compare them with a set of thirty-six
photographs including the six original faces. The measure of interest
was the success rate of the subjects judging the reconstructions, in
selecting the correct original photograph. On a chance basis this
would be one in thirty-six, about 3 per cent, whereas in practice
it was about 12.5 per cent. This, although better than the chance
level, does - as the experimenters comment — leave room for
improvement.

The second study by these researchers (Ellis, Davies, and Shepherd
1978) examined some more factors bearing on the quality of
Photofit constructions. A short videotaped sequence lasting fifteen
seconds or a rather longer one of 2.5 minutes of a man reading a
passage was viewed by subjects instructed to pay attention either to
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the passage itself (with the expectation of receiving a test of
comprehension) or to the man’s face (with the expectation of
making a Photofit construction of it). This difference between
conditions relates to the theoretically and practically important
distinction between incidental and intentional learning. In this case,
the practical significance is of course that witnesses sometimes
realize that a crime is being committed and will make a conscious
effort to remember details of the event, including the face of anyone
involved in it. On other occasions a crime may be viewed by a witness
or even experienced at first hand, for example by the victim of a
confidence trick, without any awareness that anything untoward has
taken place. The results of the experiment, however, while revealing
a clear advantage of intention to remember the passage on memory
for the passage, showed no advantage in terms of the quality of the
Photofit constructions as a consequence of paying attention to the
face. And there was no benefit from viewing the recording for longer
intervals. Nor in a further experiment was there any improvement by
using a trained police operator to administer the Photofit material.

The quality of the reconstructed faces was in all cases assessed by
other subjects independently making their judgements on the basis of
the similarity of the likeness to the original face. A variety of
judgement procedures were used, but the general tenor of the results
was that the reconstructions gave only poor impressions of the target
faces.

Finally, Ellis, Davies, and Shepherd (1978) compared the Photofit
method of producing a facial composite with the use of freehand
sketching as a means of recall. While sketches were better than
Photofits when the target was present, the results suggested that the
Photofit method was rather better as a means of recalling the target
from memory. However, the sketches from memory were ‘child-like
in their simplicity and bore only a vague approximation to the
original target faces’, and the Photofits were rated only slightly
better representations than the sketches.

A comparison of a sketch procedure with the Identikit system was
reported by Laughery and Fowler (1980). In the Identikit method
numerous alternatives of facial features are supplied in the form of
line drawings as transparent sheets, and a composite is prepared by
making up an overlay of the selected features. The outcome of this
investigation, in which sketch artists worked in collaboration with
the subjects, was in considerable agreement with the work of Ellis
and his associates. In particular, Laughery and Fowler commented
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that it was common for subjects who judged the adequacy of the
Identikit composites and sketches to comment on how poor the
overall quality was.

Why are face-recall systems limited?

The evidence clearly reveals some of the shortcomings of the face-
recall systems used in these investigations. It is possible that these
inadequacies are attributable to the ways in which they were
administered but the research was sponsored by law-enforcement
agencies either in Britain or the USA and there seems no basis for
assuming that the procedural guidelines of the Photofit and Identikit
systems were applied in a damaging or counterproductive way.
Nevertheless we can identify some possible reasons why their
limitations have been exposed.

One possibility, which is intrinsic to the conduct of the
experiments, is that the way in which the composite pictures were
judged was inadequate and insensitive, and essentially unfair to the
systems being investigated. But this seems effectively ruled out by the
fact that Ellis, Davies, and Shepherd (1978), impressed at an early
stage of the research by the uniformly low assessments made by the
judges of the quality of the reconstructed faces produced by
experimental ‘witnesses’, were careful to use instructions and
procedures designed to lead the judges to make quite fine discrimi-
nations between the composites produced at the face-recall stage. It
was concluded, however, that the judgement procedure was not
responsible for the poor showing of the face-recall system.

A second possibility is that the range of features available,
although quite extensive, is not wide enough. Certainly subjects
sometimes complain of the unavailability among the alternatives of
the precise hairstyle, eyes, nose, mouth, or whatever they are looking
for. Against this is the finding that there was little gain in having
apparently unlimited flexibility in the choice of features, as offered
by the sketch procedures. It is not really suprising that most people
prove to have extremely limited prowess at sketching faces (Ellis,
Davies, and Shepherd 1978). However, the failure of proficient
portrait artists to mediate the production of good likenesses
(Laughery and Fowler 1980) suggests that it is not merely a matter of
the alternative features being restricted that accounts for the poor
performance of Photofit and Identikit methods (but see Figure 3.2).

A third factor could be that having to attend to the alternative
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Figure 3.2 (left) Another photograph of a famous face was used for the Photofit by a
skilled operator. (right) The result was then ‘enhanced’ by free-hand drawing,
among other things, to create a more natural and better likeness. The original
photograph was of Ronald Reagan, President of the United States. Would you have
recognized him from the constructed image? An experienced operator noted that
‘there are times when the basic Photofit is a close likeness, but more often than not
we need to enhance them’.

features in relative isolation actually interferes with the memory of
the face being constructed. A version of this hypothesis was tested by
Davies and Christie (1982). Subjects were shown a target face and
were then required to judge the similarity to one feature of the target
face of a series of Photofit facial features. Finally they had to select a
particular feature on the original face from a set of alternatives. A
control group saw no intervening faces and simply made the final
selection. Recognition of the target feature was not impaired by
making the intervening judgements about features, whether these
were seen in isolation, or in the context of a Photofit face. This is
suggestive that memory for facial information is not subject to
interference from viewing facial features, but it does not constitute a
strong test of the hypothesis, which does after all apply to face recall
not feature recognition.

Another possibility addressed by the same researchers is that faces
are not in fact remembered as collections of isolated features. The
point is that if memory for a face principally involves an integrated
representation of the face, then methods heavily dependent on an
analytical consideration of features in isolation will be dubious for
the purpose of mediating face recall. Davies and Christie (1982)
addressed this question, somewhat indirectly, using their experi-
mental paradigm in which similarity judgements of a series of facial
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features are made relative to a given feature of a target face. The
pattern of similarity scores agreed very well whether or not the
features were seen in isolation or as part of a Photofit face so long as
the original target face was continuously present. But when the
target face was absent, there was good agreement only when the
features being judged were themselves presented in a facial (Photofit)
context, and not when they were presented in isolation. It appears
that the overall perceptual context of a facial pattern makes its
individual features more salient. The conclusions of this study were
that faces are stored in an integrated form, from which it is difficult
to extract feature information, and that face-recall systems may need
to be developed which reflect this.

One way would be to start with one of a limited set of alternative
prototype faces whose feature components may be changed, but
which supply an integrated external representation of a face as a
baseline. This and other possibilities will no doubt become
increasingly feasible with the rapid development of information
technology, using computer graphics to supply the repertoire of
alternative features, facial frameworks and perhaps ways of varying
spatial relations between features. The use of computers to help in
the construction of a facial image is in early stages though there are
already some interesting approaches (Laughery, Rhodes and Batten
1981). Prototype theory is discussed on pp. 58-62.

One remaining consideration that may bear on the effectiveness of
Photofit and Identikit systems is that the initial stage of the
procedure entails the verbal description of the target face being
elicited by an operator, prior to the construction of the composite
image. The composite is also constructed with the operator’s help.
Thus subject and operator are in verbal interaction prior to and
during the construction of the composite, and in particular verbal
information about the face is demanded of the subject. This may be
in part responsible for the poor fidelity of constructed faces relative
to the originals. This could be due either to the limited ability of
subjects to give accurate verbal descriptions of a face, or because
verbalization interferes with the visualization processes that face
recall may depend upon. On the other hand, it is possible, as Christie
and Ellis (1981) have observed, that the common assumption that
verbal descriptions of faces are inaccurate is itself false, and
that face-recall systems fail to tap this source of information
efficiently.
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Verbal description of faces

Indeed, the evidence relating to methods of verbal description tends
to bely this assumption. For example, Goldstein, Harmon, and Lesk
(1971) developed an extensive set of features (e.g. face shape —
square/round/oval/long; eyebrows — thin/medium/bushy; cheeks -
sunken/average/full; hair - short/average/long; etc.) for the classi-
fication of photographed faces. The average descriptions by a group
of ‘jurors’ of a collection of target faces were given to a further group
of subjects for them to identify the faces. Each subject was given a set
of statements of the feature values assigned by the jurors to a
particular face. With a population of 255 targets, an identification
was achieved in just over seven steps (features) with an identification
accuracy of 53 per cent. As a starting point this is not unimpressive
but clearly can be bettered. Later work by these authors (Goldstein,
Harmon, and Lesk 1972) achieved considerable improvement by
placing the human subject in tandem with a computer.

It has to be remembered that face memory is not being tapped by
this research on verbal descriptions, since the judges were working
with photographs of the target face continuously present. It does
show, however, that verbal descriptions of faces can with suitable
procedural refinements be highly informative (as no doubt
generations of poets and novelists have confidently believed). A
correspondingly sophisticated approach to the verbal description of
memorized faces seems to be needed. Christie and Ellis (1981) have
done some preliminary work here, comparing the accuracy of
Photofit constructions and verbal descriptions of faces. Subjects
made an initial free verbal description of a face which they had just
seen for sixty seconds, and a Photofit likeness was then compiled.
Both descriptions and Photofits were then assessed by how well
judges could match them to the targets, and verbal descriptions were
markedly better than the Photofit constructions. Interestingly there
was no correlation between the accuracy of the two methods of
recall. Thus a subject who was good at making a verbal description
was not necessarily good at using the Photofit to reconstruct the
target face, and in the light of this result it seems that the Photofit
may not be limited by the subject’s ability to make verbal
descriptions. The results of this investigation suggest that it may be
worth examining methods involving verbal description, at least as a
major and systematic component, for their potential as methods of
face recall. Questions that remain, for instance, include whether
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recall by one method helps or hinders recall by another, and whether
faces that are hard for someone to describe verbally are also hard to
reconstruct.

Applied research and theoretical issues

Before leaving the more practically orientated discussion of face
perception and memory, it should be noted that a wide range of quite
general issues of a theoretical kind have been touched on. Aside from
the questions specifically about faces (like what psychological
processes are involved in recognizing faces, and what form the
internal representations of faces take), we have had occasion to refer
to the effects of arousal, attention, and context on memory, and the
biases that influence the decisions that people make about uncertain
perceptual evidence. There is unfortunately no scope in this book to
follow up all of the issues raised to a satisfactory level of analysis.
Further discussion of general issues will be found elsewhere (e.g. in
Eysenck 1984; Gregg 1986).

In centring the discussion on practical aspects of face recognition
and recall, it is apparent that theoretical issues have not been the
driving force behind the applications research. This research has
understandably been motivated by practical problems and issues,
inevitably raising matters of theoretical interest in an incidental and
haphazard fashion. So it is appropriate to review the theoretical
analysis of face perception and memory to provide a more co-
ordinated framework for discussion, and to illustrate explicitly the
links between theory and practice.

Theoretical issues

In the remainder of the chapter we consider some of the theoretical
accounts of face perception and memory that have been advanced,
and raise issues about the nature of the information-processing
operations involved in the perception and memory of visual stimuli.
We consider, too, whether face perception may be influenced by
verbal, conceptual, and contextual information, and what this may
imply about how faces are represented internally. And we ask
whether the special significance of faces requires us to postulate
processing mechanisms specialized to deal with them. We begin by
considering the nature of the information conveyed by a face that
allows us to recognize it as a face, and as one we have seen before.
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Features in perceiving and judging faces

Theoretical discussions of face recognition frequently refer to facial
features, and aids for reconstructing faces from memory (e.g.
Photofit and Identikit) often present the options to the subject in the
form of building blocks based on features like eyes, mouth, nose, and
chin. There may be more to face recognition than this, including the
spatial relationships between features, and the overall shape of the
face. How important these different aspects are is theoretically of
interest; they may for example be weighted differentially, and
scrutiny of a face may be ordered in particular ways (top to bottom,
for example). This section asks what aspects of faces are perceptually
important, and considers ways of assessing their relative standing in
face recognition.

A frequency count of the number of spontaneous mentions of
features used by a group of subjects in describing a series of
monochrome face photographs was reported by Shepherd, Davies,
and Ellis (1981). The ‘features’ most commonly mentioned (in order
of decreasing frequency) were hair, eyes, nose, eyebrows, face shape,
chin, lips, mouth, ears, face lines, complexion, forehead, and cheeks.
Hair was referred to about twice as often as eyes, the next most
common feature (0.27 vs 0.13). References to the last items in the list
were quite uncommon (0.01 for cheeks, for instance). Aspects of the
upper face seem to be drawn to subjects’ attention more than the
lower face. The relative importance of the upper face region is also
suggested by evidence that faces are harder to recognize if the upper
part of the face is concealed (Fisher and Cox 1975). The recognition
of individual features of a face in isolation is quite difficult,
although there is some evidence that the eyes are more informative
than the mouth (e.g. McKelvie 1976).

Technically more sophisticated methods for assessing the relative
informational status of different parts of the face include the use of
eye-movement recording and techniques such as multidimensional
scaling. What an observer looks at when viewing a picture may be
discovered by recording his or her eye movements by various
photographic techniques, or other means such as monitoring the
electrical changes that occur on the surface of the skin around the
eyes as their muscle systems point them in different directions. The
assumption may be made that what is looked at is what is processed,
and hence highly informative regions will tend to be fixated more
often and for longer periods than areas low in information value.

51
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Mackworth and Morandi (1967) recorded the eye movements of one
group of subjects as they examined a picture and asked a second
independent group to indicate the most informative regions of the
picture. The regions concentrated on by the viewing and the
information-judging groups tended to agree. Although the parallel
experiment for faces does not seem to have been done, the eye
movements of observers looking at photographs of faces were
recorded by Walker-Smith, Gale, and Findlay (1977). They found
that fixations tended to be aimed at the central area of the face,
mainly around the eyes, nose, and mouth. Fixation patterns were
subject otherwise to marked individual differences, and the sequence
(though not the overall distribution) of fixations varied with task
demands. It is not surprising that individuals vary in the emphasis
which they place on different facial attributes, and hence in their
fixation patterns when gazing at a face. Moreover for task
differences (comparison of faces presented successively vs simul-
taneously) to be associated with differences in scanning patterns is
suggestive of their different informational priorities. The subjects
took little more than a second or so to decide about each face they
saw so the picture emerging from this study is understandably
limited. In the light of these findings the pessimistic appraisal of such
methods by Shepherd, Davies, and Ellis (1981), who concluded that
they are unreliable and their findings equivocal, seems premature.
Shepherd, Davies, and Ellis (1981) have described some promising
developments for discovering which attributes of faces are percep-
tually salient. The methods in question are based on the use of
multidimensional scaling techniques. These are statistical techniques
that are used to reveal the dimensions and relationships among them
underlying subjective judgements of a collection of stimuli. Such
techniques are considered to be particularly useful when the physical
dimensions on which subjects base their judgements are obscure, or
when these dimensions are psychological ones (e.g. attractiveness).
The similarities (and differences) among a set of faces, for instance,
may be judged by asking subjects to sort them into categories
containing like items. Another method of assembling the basic data
is to ask subjects to rate the similarity of each pair of faces, or to
indicate the least similar of a triad of faces. No rules for making the
judgements are otherwise imposed, but any systematic tendency for
subjects to refer to common attributes of the stimuli should be
apparent on the application of an appropriate multidimensional
scaling technique. This is signalled in the output of the scaling
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process as one or more dimensions around which the similarity data
are organized. The labelling of the dimensions may be achieved by
referring the data so obtained to independent measures of the
stimuli. The investigator may do this, for example, by asking a
separate group of subjects to assess the stimuli in terms of a set of
scales, named on the basis of other independent considerations and
sources of evidence.

This quite elaborate procedure has been used in a number of
investigations reviewed by Shepherd, Davies, and Ellis (1981). It is
clear that the relative homogeneity of the faces being judged
influences the pattern of the findings that emerges, and seems to
indicate a moving frame of reference in terms of which the faces are
judged. This is reasonable since if, for instance, the faces are all
hairless as opposed to including a mixture of faces with and without
beards and moustaches, then comparisons in terms of facial hair are
precluded, and subjects have to look elsewhere for points of
similarity and difference. Homogeneity regarding race and to a lesser
extent gender also influences the choice of dimensions on which faces
are judged. Shepherd, Davies, and Ellis concluded that hair (length,
colour, texture) and face shape seem to be the most salient features
according to the multidimensional scaling studies. Interestingly,
shape is an aspect of a face that is not so easy to manipulate in
experimental studies, and it is not an aspect that is readily available
for variation in recall systems like Identikit and Photofit, though
this should be within the bounds of possibility with computer-driven
graphic facilities. It is also of considerable theoretical significance
that the overall shape of the face, a configural property which is
difficult to conceptualize as a compound of elementary components,
is important in perceptual judgements of faces.

The differential importance of different aspects of facial patterns
thus provides one source of evidence about the nature of the
representations of faces in memory. By the same token the data from
these studies may help to indicate the kind of perceptual processes
involved in recognizing and identifying faces.

Are there face-specific analysing mechanisms?

Faces constitute a class of visual stimuli that do seem rather special in
several respects, partly because of their everyday significance in
conveying visual information about personal attributes (e.g. age and
gender), and emotional state. And there are other indications that
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have led some theorists (e.g. Yin 1969) to consider that special
face-analysing mechanisms need to be postulated. The evidence that
led Yin to this conclusion included the experimental demonstration
that face recognition is particularly affected by certain trans-
formations. Photographic negatives of faces are, for example, hard
to recognize (Galper 1970). Moreover as Yin (1969) himself
showed, faces are harder to recognize when presented upside-down,
even though the basic form of the face is not affected by such
transformations. The stimuli used by Yin for comparison purposes,
as ‘mono-oriented’ stimuli, included pictures of houses, normally
never seen upside-down; although also worse recognized when
inverted, these were affected much less than faces. The evidence is
subject to different interpretations, however. For example, it is
objected that the enormous prior experience that people have of
discriminating upright faces makes it difficult to make a proper
comparison (Goldstein and Chance 1981).

There are two other strands of evidence bearing on the special
stimuli/mechanisms suggestion. First there is a body of research on
the developmental course of face recognition (Carey 1980). It seems
that the development of face recognition is paralleled by few other
perceptual abilities. Of particular interest is the finding that
although the rudiments of face perception are established in very
young children (by about 6-7 months according to Carey 1981),
there is a protracted developmental improvement up to the age of
about 10, and during adolescence a temporary decline in face
recognition skills (Flin 1980) appears to occur. Nonetheless this may
simply reflect the unique combination of component skills on which
adult face recognition depends rather than a reliance on a single
special mechanism.

The second area of research which is relevant is concerned with the
neuropsychological condition known as prosopagnosia. This is a rare
condition observed in some brain-damaged patients and involves an
inability to identify faces, even those of the most familiar persons.
The patient continues to be able to name the parts of individual
faces, and can even distinguish between faces, but appears to be
unable to identify what makes a face individual (Hécaen 1981). It is
often associated with other disorders of visual-object recognition but
it does occasionally occur in a relatively ‘pure’ form. It is consistent
with the idea that we are equipped with a special face-processing
mechanism (Yin 1970; Whiteley and Warrington 1977), though this
is a matter of dispute (e.g. Ellis 1975, 1981).
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In any event the affected site in the prosopagnosic patient’s brain
seems to be in the right hemisphere according to clincial and
anatomical findings (Benton 1980; Hécaen 1981). This is consistent
with the view that psychological functions are lateralized in the
cortex, and in particular that the right cerebral hemisphere is
associated with visuospatial tasks (while the left is concerned with
verbal behaviour). The particular involvement of the right
hemisphere in processing facial stimuli is supported by studies with
normal subjects (Patterson and Bradshaw 1975; Rizzolatti, Umilta,
and Berlucchi 1971). These show faster or more accurate processing
in face-recognition tests when the stimuli are projected to the right
hemisphere than when stimuli are projected to the left hemisphere
(this is achieved by presenting the stimuli to the left and right visual
fields respectively). Of course this evidence does not force one to the
conclusion that face processing entails special mechanisms. It has
been noted by Bradshaw and Nettleton (1981) that superior face-
recognition performance when stimuli are presented to the right
hemisphere is consistent with that hemisphere’s special capability for
dealing with holistic properties of stimuli. Indeed they advance the
general proposition that the verbal vs spatial distinction tradi-
tionally made in relation to the left and right hemisphere should be
replaced by one in terms of analytic vs holistic processing, a
distinction suggestive relative to face recognition as we see in the
next section.

Some of the strongest evidence in support of the special-
mechanism hypothesis was presented by Whiteley and Warrington
(1977) who discussed three clinical cases with relatively clearcut
symptomatology, suggesting a selective deficit in processing faces in
company with a variety of other perceptual difficulties. Thus the
three patients varied in their performance on tasks involving object
and letter recognition and only showed a consistent impairment on a
face-matching task.

Critics of the special mechanism hypothesis contend that although
faces should be considered as special stimuli, there is nothing unique
about the information-processing mechanisms that are used in
recognizing and memorizing faces. One argument, for example, is
that face perception samples the processes normally available to deal
with visual stimuli, but because of their complex (indeed dynamic)
composition, it is just the particular configuration of processes used
in face processing that is unique, and no special mechanism needs to
be invoked. Hence although a low correlation is found between face
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recognition and performance on various elementary perceptual tests
of ability, it might need to be a wide-ranging battery of tests that
would adequately capture the set of abilities tapped by face
perception. Moreover, the battery would need to incorporate
complex abilities that relied on integrating attributes of a stimulus
and assessing relations between them. The special mechanism
hypothesis seems to have little merit per se, but does make the point
that different classes of visual stimuli may draw upon a range of
processes currently little understood. Recognition of letters and
digits may depend on a restricted subset of the processes available for
pattern recognition at large, and a wider subset be called on for the
perception of faces. Some of the accounts of simple pattern
recognition, and the terms they routinely use, are difficult to apply in
the explanation of face recognition, and this is illustrated in the
following section.

Feature analysis and face recognition

Faces are one class of ‘patterns’ that can be recognized by humans,
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