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Preface

Important insights and advances in scientific discovery are often driven by the development of new technology and
the advent of new measurement techniques. Cognitive neuroscience is no different to other branches of science in its
reliance on such developments to accelerate its progress. It is indeed often difficult to pursue new insights unless the
technology to exploit them is available. An apt example concerns the insight into the relationship between regional
cortical blood flow and cortical activity, made by Broca and by Roy & Sherrington in the last century, in articles
reproduced in figures 1 and 2 here. It was, however, to take nearly one century before these insights could be put to
use. But, in recent years there has been an unprecedented surge in the range of tools available to measure activity in
the brain. These techniques range from the invasive, with their incumbent problems, to the entirely non-invasive,
which can be used on human volunteers. The multitude of different techniques reflects the fact that each have their
own particular advantages. All methods also have their limitations, be they of convenience, expense, invasiveness,
accuracy, sensitivity, and spatial and temporal resolution.

Brain imaging methods, which simultaneously localize multiple signal sources, have perhaps the highest profile of
all the techniques which are used to measure brain activity. Collectively, the application of these techniques has
become known as ‘brain mapping’. However, the existence of such methods does not in itself guarantee success in the
advancement of our knowledge about how the brain actually works. A map is only as good as its legend and
the legend can only be truly useful if the meaning of what it represents is clearly understood. The magnitude of the
contribution of imaging methods to fundamental neuroscientific issues is both clear—witness the demonstration of
the principle of functional specialization in human visual cortex—and yet unclear—how much will imaging
methods tell us about how prefrontal cortex performs the complex tasks which make the human brain so unique?
Blessed with the richness of the information which the brain imaging methods provide it is perhaps easy to forget
the value of other non-mapping techniques.

Recently, multidisciplinary centres for the measurement of brain activity have been set up which incorporate many
different methodologies. These centres allow the fusion of technological expertise, clinical and basic neuroscience, and
the development and application of statistical and processing methods. 1o do justice to the vast amount of research
which is currently being done in these fields in a single issue of this journal is an impossible task. There are indeed
several excellent textbooks covering the methods used in functional neuroimaging. In inviting contributions for this
special issue of the Philosophical Transactions on 7#he measurement of brain activity we have simply tried to cover a breadth
of subjects which are currently of great interest and are undergoing rapid development. We have deliberately left out
some topics which have been covered extensively elsewhere or have been the subject of recent review. This issue covers
both technique development and the application of those techniques, in particular in fields of non-sensory, higher-order,
cognitive neuroscience.

The opening papers (Gevins et al.; Makeig et al.; Hari & Forss) look at the measurement of electrical and magnetic
potentials in the brain, techniques which have somewhat limited spatial characteristics but offer excellent temporal
resolution. In the contributions from Magistretti & Pellerin and Rothman et al., the relationship between functional
imaging and the underlying physiological events which occur as neuronal firing increases is explored. An under-
standing of these relationships is important so that functional imaging data may be interpreted in relation to cellular
neurobiology. Increasingly, functional magnetic resonance imaging (fMRI) is becoming the method of choice in
functional neuroimaging. Its non-invasiveness and good spatial and temporal resolution are seeing it supersede
positron emission tomography in many cases. The techniques used in fMRI are discussed in the papers of Howseman
& Bowtell, Ugurbil et al. and Josephs & Henson. Transcranial magnetic stimulation (TMS) is a technique in which a
rapid pulse of a localized magnetic field is applied to transiently perturb the neural circuitry of the cortex. The
application of this method to measurements of brain activity is described by Pascual-Leone ef /. Underpinning
functional brain imaging is the statistical treatment of the data. In the papers by Petersson et al. the extent of the
inference which can be drawn from functional imaging experiments, and their limitations, are discussed. The next
group of papers (Kosslyn; Tomberg & Desmedt; Wagner et al.; Mesulam) cover the application of brain measurement
techniques to the study of imagination, consciousness, memory and attention. Next, Ingvar describes how the
experience of pain is being studied with functional imaging. In the contribution from Fu & McGuire the use of
functional imaging in psychiatry is explored both in terms of how imaging methods can contribute to an under-
standing of the processes of mental illness and also, and most importantly, to what extent functional imaging will play
a role in the clinical management of mental health patients. Finally, in a paper by Zeki & Bartels, the worth of using
clinical observation in conjunction with the new measurement techniques is emphasized with reference to the example
of colour vision.
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Figure 1. The first page of P. Broca’s paper ‘On the temperature of the brain and its role in diagnosing some cerebral maladies’
(Revue Scientifique 1878, vol. XI, p. 257). (Science Museum/Science & Society Picture Library.)
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ON THE REGULATION OF THE BLOOD-SUPPLY OF
THE BRAIN. By C. 8. ROY, M.D, F.RS, Professor of
Pathology, University of Cambridge, AND C. S. SHERRINGTON,
M.B., M.A,, Fellow of Gonwille and Caius College. Lecturer on
Physiology wn the School of St Thomas's Hospital, London.
Plates I1., III. and IV.

From the Cambridge Pathological Laboratory.

ONE marked characteristic of the literature dealing with the cerebral
circulation is, we think, the contradictory nature of the results which
have been obtained by different investigators.

There is no reason, we imagine, for doubting that the cause of
these discrepancies is to be found in the great difficulty of avoiding
the sources of error which plentifully surround the subject, and in
overcoming certain technical difficulties which we shall presently
have to refer to. The ease with which one can obtain results upon
certain points, on taking up the subject, is itself, we believe, apt
to make the inquirer careless in controlling sources of error, which,
it may be noted, are some of them not at first sight obvious. We
must on this account say more about the technology of our subject
than would be necessary were the subject a simpler one.
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Methods employed by other observers.

In order that the bearing of our method may be understood, we
think it well to refer to some of the other modes by which different
observers have investigated the cerebral circulation. Some observers
have simply inspected the exposed pia mater, as was done by Haller®.
In most, if not all, of these experiments there appears to have been
no simuitaneous record taken of the arterial or venous pressure. That
such a method, so rough in itself, could easily lead to untrustworthy
results—giving as it does no means of distinguishing active changes in
calibre of the cerebral vessels from passive variations of their width
produced by changes in the arterial and venous pressures—will, we
think, be readily admitted.

1 Opera Minora, Tom., 1. p. 131,
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Figure 2. The opening of C. S. Roy and C. S. Sherrington’s paper on cerebral blood supply, published in the Journal of Physiology
(1890, vol. XI, p. 85). (This reproduction comes from a lithographic reprint of 1952, held in the Library of the Royal Society of
Medicine, and reproduced with their kind permission and that of the Physiological Society.)

No doubt there are many important areas which have been omitted from this edition. However, our hope is that the
papers included here provide a useful collection at this time and in particular give a sense of the multidisciplinary
nature of this research. The challenges ahead in making measurements of activity in the human brain and using these to
further our understanding of how the brain works, will surely depend on how successful we are in integrating the many
disparate elements of this field.
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