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Psychology Revivals

Australian Psychology

Originally published in 1985, this volume commissioned by the Academy of the Social Sciences in Australia presents a survey of research in some of the major areas of psychology with which Australian psychologists had been identified at the time. The chapters cover basic processes; psychometrics and mathematical psychology; clinical psychology, imagery and hypnosis; social psychology; organisational and occupational psychology; and the psychological analysis of social issues, along with a concluding chapter that provides some general reflections on psychological research in Australia. The authors were asked to emphasise Australian contributions and to set them within the context of overseas developments, and the result is a ‘state of the art’ report that presents the major trends in Australian research in psychology in the mid–1980s.

The book drew attention to the best of Australian research achievements in psychology and could be used as a sourcebook in its own right and as a supplement for textbook in introductory psychology and for more advanced courses (e.g. experimental psychology, clinical psychology and behaviour modification, social psychology, and organisational/occupational psychology). In contrast to textbooks at the time in psychology, it provided up-to-date examples of Australian research, and while of particular relevance to psychologists, it would also have been of value to other social scientists in education, sociology, political science and economics.

The book attempts to span the major areas of research activity in Australian psychology, highlighting the work of the most active and influential contributors. Today it can be read in its historical context.
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Preface

This survey of Australian psychology is sponsored by the Academy of the Social Sciences in Australia. The contributors are all psychologists from Australian universities and a number of them are Fellows of the Academy. All have developed active and productive research programmes in their own universities. All of them have made significant contributions to the fields they write about and their research is known both nationally and internationally.

The review covers a range of different areas with which the contributors have been identified and includes some of the more traditional fields such as psychobiology, perception, cognitive development, psycholinguistics, psychometrics, clinical psychology, hypnosis, and social psychology, as well as applications of psychological theories and methods to wider social issues such as work and unemployment, the role of the family, sex roles in Australian society, and the adjustment and adaptation of immigrants in Australia. The authors were asked to emphasise Australian contributions and to relate them to overseas developments. They were also asked to write chapters that would communicate to a fairly wide audience, not just to specialists in the field, and to give their views on possible future directions. I hope that they have achieved these aims and that the chapters in this book will be of interest not only to an Australian audience but also to overseas readers.

There are many people who helped with this book. I wish to thank the authors who gave generously of their time and those colleagues who provided helpful suggestions about the form the book might take, both in the early stages of its development and subsequently. I also wish to thank the following people who made valuable comments on some of the chapters: Gina Geffen, Jack James, Leon Lack, Mary Luszcz, Rod McDonald, Peter Sheehan, and Gordon O’Brien. My colleague, Leon Mann, was especially helpful in providing advice on ixmy own chapters. No doubt all of the contributors to this volume would also wish me to thank those people who were of assistance to them in various ways.

We gratefully acknowledge the universities and granting agencies such as the ARGS and NH and MRC for funding much of the research reported in this book. We also acknowledge the support of the Australian Psychological Society.

Finally, I owe a special debt of gratitude to Carol McNally and Kay Guest who assisted with the typing, always willingly, with patience and good humour, over and above the call of duty.

Norman Feather

The Flinders University of South Australia
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This volume presents a survey of research in some of the major areas of psychology with which Australian psychologists have been identified. The authors were asked to emphasise Australian contributions and to set them within the context of overseas developments. The aim was to achieve a ‘state of the art’ report that would accurately present the major trends in Australian research in psychology in the mid-1980s. It was intended that such an overview would show some of the main strengths of Australian research and some of the gaps that remain to be filled. It would also reveal the extent to which psychological research in this country has been responsive to overseas influences and the extent to which this research has been innovative and distinctive. This examination of research activity in Australia is, of course, of special relevance to the Australian audience. While it is inevitable that a certain degree of ‘flag-waving’ is involved in such an exercise, drawing attention to the best of Australian research achievements, it is intended that the review will also be of interest to an overseas audience. It is important for scholars, whatever their field, to look beyond their own national boundaries, to avoid the pitfalls of insularity and parochialism, and to learn about the research activities of scholars in other countries.

The focus of this volume is on trends in Australian psychology and the major recent ideas in research. All of the contributors to the volume are academic psychologists who teach and do research in Australian universities.

The chapters in the volume are grouped into six main parts: basic processes; psychometrics and mathematical psychology; clinical psychology, imagery, and hypnosis; social psychology; organisational and occupational psychology; and the psychological analysis of social issues. One might choose different titles for these parts and it is possible that one could use other bases for classifying the chapters, 2but this organisation attempts to bring together chapters that share a common interest in subject matter and/or method. The sequence of parts takes us through some of the traditional areas of academic psychology (the study of basic processes) to research areas such as employment, unemployment, the family, sex roles in Australian society, and the adjustment of immigrants in Australia that demand consideration of the wider social context and its impact on individual development, behaviour, and experience.

There are no chapters specifically devoted to the history of psychology in Australia, to how the teaching of psychology is organised in Australia, to issues of professional organisation, training and practice, or to the occupational roles that psychologists take up in the workforce. The reader is referred to other sources for this information (e.g. Nixon, 1984a, 1984b; Nixon & Taft, 1977; O’Neil, 1983; Taft, 1982). A number of chapters provide some historical background, however, by identifying key figures and important developments in the specific area of study. Not all areas of research activity in psychology are included. Thus, research in education and educational psychology is excluded because these areas will be covered in a subsequent volume in the present series (Keeves, in preparation). With this exception, however, the present volume attempts to span the major areas of research activity in Australian psychology, highlighting the work of the most active and influential contributors.


Basic processes

This first part contains five chapters concerned with some of the basic processes that have long been of interest to psychologists (e.g. biological processes, perception, the processing of information, language and cognitive development). Russell (Chapter 2) discusses the contributions of Australian psychobiologists to the study of brain and behaviour, examining the organism as a total system and the brain as the subsystem most essential to behaviour in the more highly evolved organisms. He discusses research into some of the mechanisms that underlie the plasticity of brain and behaviour, the roles of particular brain structures, the effects of drugs on the chemical modification of behaviour, nutritional influences on behaviour, the effects of heredity and early environment, and how the knowledge gained by psychobiologists is being put to work.

The next chapter reviews research into perception and perceptual development. Day and McKenzie (Chapter 3) consider perception as a field of enquiry and sketch the beginnings of research in perception in Australia. They go on to describe work with adult subjects (optically transformed vision and haptic perception, sensory aftereffects and feature detectors, perceptual illusions, stereopsis and visual information 3processing) and perceptual development in infancy and childhood (growth of the effective visual field, pattern perception, object perception, intermodal perception, auditory development).

In the chapter by McNicol and Skinner (Chapter 4) research into human information processing is reviewed. These authors set the scene by describing how the human organism can be depicted as an information processing system, using a flow diagram based on the early work of Broadbent (1958). They then consider research into word recognition and reading, long-term memory and response processes and conclude by commenting on the future of information processing theories.

Halford, in Chapter 5, provides a review of research into cognitive development with a special focus on Piagetian approaches and alternatives to this framework. His chapter also considers cross-cultural studies of cognitive development in Australia (e.g. research using Aborigines) and the educational applications of some of the ideas that have come from cognitive development theory and research.

The final chapter in the first part deals with psycholinguistics and language development. Holmes and Wales (Chapter 6) review Australian contributions both to theory and research in several different areas such as syntactic processing, word recognition, listening and reading, comprehension, sentence production, linguistic development, and metalinguistic awareness.

Most of the research described in these first five chapters is firmly grounded in the traditional areas of experimental psychology. This type of research tends to involve an interplay between theory and controlled empirical observation with a heavy emphasis on experimental manipulation of variables, usually in the laboratory.



Psychometrics and mathematical psychology

Much of the early history of psychology in Australia was concerned with the application of psychological tests in education and in other applied areas, such as guidance and selection (O’Neil, 1983). Since the Second World War there have been original and important contributions to psychometrics and mathematical psychology by Australian psychologists. The second part of the volume covers these developments. This area of research is described by Keats (Chapter 7). He reviews some of the main contributions and also discusses possible future developments in psychometrics and mathematical psychology. He concludes by commenting on the training of mathematical psychologists.



Clinical psychology, imagery, and hypnosis

The third part contains chapters on clinical psychology, imagery, and 4hypnosis. The area of clinical psychology encompasses a range of approaches, from the psychodynamic (linked to Freudian and neo-Freudian pespectives) to behaviour modification (grounded in behaviour theory). Winkler (Chapter 8) focusses in particular on the development of behaviour modification research in Australia. He describes some of the procedures used in behaviour therapy and in applied behaviour analysis, and comments on recent developments that involve an increasing interest in cognitive approaches and behavioural medicine.

The chapter by Sheehan (Chapter 9) describes research on hypnosis and imagery, two related areas where Australian psychologists have made important contributions. Sheehan shows how interest in these topics developed in Australia and he reviews theoretical ideas and refinements of method that have emerged in the course of research over a number of years.



Social psychology

The fourth part of the book combines two topics from social psychology. Feather (Chapter 10) reviews Australian research into the psychology of beliefs, attitudes, and values. He describes studies concerned with causal attributions, attitudes and attitude change, values and value systems, and general attitude dimensions—all of which are areas where theoretical and empirical contributions have been made over the past twenty years. Mann (Chapter 11) describes research into decision making, pointing out contributions made by Australian psychologists to the study of conflictful decisions, multi-stage decision making, and organisational decision making.



Organisational and occupational psychology

The fifth part takes us into the area of organisational/occupational psychology. O’Brien (Chapter 12) examines recent developments in Australian organisational psychology. He provides us with a historical background and reviews research into work, stress, job satisfaction, job structure, work values, personality, leisure, and job design.

Feather (Chapter 13) considers Australian research into the psychological impact of unemployment. He comments on some of the problems of conducting research in this area and summarises some of the main overseas findings. He then describes the results of Australian studies and concludes by discussing the main theoretical approaches to understanding the psychological impact of unemployment, including his own application of expectancy-valence theory to the analysis of unemployment effects (Feather, 1982).



Social issues

The final section of the volume continues this shift towards topics that 5require recognition of societal variables and the social setting for a full understanding. In Chapter 14, Goodnow, Burns and Russell review research that deals with the effects of the family on development. They look at the influence of close family members, the extended family, and the wider community.

Antill, Bussey and Cunningham (Chapter 15) describe Australian research into sex roles. Their review considers sex roles in relation to social institutions in Australia (school, workforce, families), research into the meaning and measurement of sex roles, and studies of the development of sex roles in children.

Finally, Taft (Chapter 16) reviews research into the adjustment and adaptation of immigrants in Australia. He provides us with a conceptual framework for studying immigrants in which the four key aspects are adjustment, national and ethnic identity, cultural competence, and role acculturation. He reviews research that is concerned with these four aspects, as well as studies that relate to sequences and stages in the integration of immigrants into the host community.

This survey of research trends in Australian psychology concludes with a brief epilogue that offers some reflections prompted by the preceding chapters. No attempt is made to summarise the major research findings. That would be an impossible task, given the diversity of material contained in the review. Instead the concluding section consists of the editor’s assessment of the status of Australian research contributions to psychology and a summation based on a consideration of the key points made by contributors to the volume. The value of an archival record of the most important research work conducted by scholars working in a particular country is also discussed.
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Since the earliest interest in modern psychology the discipline has affiliated itself with both the biological and the social sciences. The present chapter is concerned primarily with contributions of Australian psychobiologists. The contributions are being made by people employed in academic institutions, government agencies, hospitals, private enterprise and special research organisations, who communicate their ideas and the results of their empirical efforts in texts or in a wide variety of psychological, biological and medical journals. A search of the literature shows that since 1980 several thousand publications in the broad area of ‘brain and behaviour’ can be attributed to Australian authors. Some of these have added to trends in areas of research which were already under way, and others appear to be the beginnings of new trends.

For the psychobiologist the organism constitutes a total ‘system’ (Russell, 1979). The multivariate and highly integrated organisation of living organisms has led to conceptualisation in terms of multilevels, of hierarchies of ‘subsystems’. Within limits these subsystems are self-regulatory and self-correcting. Changes in one may lead to subsequent changes in others. Relations between them are reversible in the sense that alterations in one direction may lead to feedback changes in the opposite direction. Within this integrated system experimental and clinical evidence has, long since, directed attention to the nervous system, and especially the brain in more highly evolved organisms, as the subsystem most central to behaviour. Although the brain is ‘essential’ to most behaviours, it obviously is not ‘sufficient’. Muscles and glands are also essential to the overt actions which independent observers may record and measure—and so are many other subsystems. Feedback from the latter affects functioning of the brain. It is within this complex of actions and interactions that psychobiologists in Australia have learned to tread their way. New 10concepts and new techniques are now helping them to advance their knowledge more rapidly than in the past. Future successes will depend upon imagination in formulating relevant hypotheses and innovation in creating still more sophisticated techniques to put them to test.

In their search for understanding, psychobiologists in Australia study the behaviours of both human subjects and animal models. Requirements of the experimental approach are such as to encourage research on the latter not only for its own sake, but also for purposes of developing principles which may be generalised to the former. Questions about the validity of such extrapolations have recently been examined in depth in a new Australian text, Animal Models in Psychopathology (Bond, 1984).


Plasticity of brain and behaviour: Mechanisms of action

In harmony with researchers and practitioners wherever there is interest in relations between brain and behaviour, Australian psychobiologists are focusing their attention on the involvement of neurohumoral transmitter and neuroendocrine substances. The former are synthesised in neurons, released when a neuron is stimulated and initiate activity in an adjacent neuron or muscle fibre. Neuroendocrine substances are released from glands into the blood stream by which they are carried to their specific sites of action. Recently quantal steps forward in knowledge about the functional characteristics of these substances and how they are related to behaviour have been made possible by the development of new concepts and by the invention of new techniques. It has become possible to study relations between behaviour and neurochemical events, when the latter are assayed in vivo and in vitro at tissue, cellular and subcellular levels. By the selective use of pharmacological agents as ‘tools’ the relations may be studied in the intact organism. Two general approaches have been used to study interactions: in one, some particular step in a neurochemical process is manipulated experimentally and consequent effects on behaviour measured; in the other, behaviour is the antecedent and effects on neurochemical events, the consequent.


Innate plasticities

There are certain behavioural plasticities, essential to the basic well-being of an organism, that are genetically determined, programmed in the genetic material from which the organism develops. There is evidence to show that such behaviours are dependent upon activity in specific functional circuits within the nervous system. Because of the importance of these innate plasticities to the normal 11functioning of living organisms Australian psychobiologists have had a long-term interest in exploring their nature in detail. This continuing interest is illustrated by two areas of current research activity.

One of these focusses on the involvement of behaviour in the essential task of maintaining supplies of nutrients and of fluids required for normal bodily functions. Consummatory behaviours, i.e. eating and drinking, are the final endpoints in making new supplies available. It has long been known that in experimental animals food deprivation, i.e., negative energy balance, produces increased electrophysiological activity in an area of the brain where chemical stimulation with a specific neurotransmitter, noradrenaline, induces food intake even in satiated subjects. Animal subjects repeatedly perform an arbitrary response to obtain electrical stimulation in this same area. The self-stimulation paradigm is being used by Australian psychobiologists (e.g., Atrens et al., 1982, 1983) to clarify interrelations among these several features of what has been widely claimed to be an identifiable neural basis for the psychological constructs of ‘motivation’ and ‘reinforcement’. They have found evidence that this negative energy balance appears to increase selectively the excitability of reward-related neurons in the brain. Their results also suggest that behavioural responses to self-stimulation must increase energy expenditure. The research is continuing by examining the manner in which the brain areas involved modulate this relationship between energy intake and expenditure. Research on other mechanisms involved in the control of hunger and thirst is under way in other laboratories (e.g., Armstrong et al., 1980). The importance of the innate tissue conditions, i.e., ‘basic drives’, which initiate and sustain behaviours essential to the maintenance of satisfactory energy and fluid balances within the body makes research of this kind a very worthy undertaking.

‘Jet lag’, or ‘intercontinental flight dysrythmia’, is now a common experience which reminds us that there are other innate tissue conditions within the body that have very significant effects on behaviour. Among these are circadian-daily-rhythms (Armstrong, 1980), which are re-set each day by environmental time cues, the daily cycle of light and dark as the earth rotates. Behaviour patterns vary as these tissue conditions change. For example, many species of animals are more active during the dark than during the light phase of the cycle. The phenomena of human sleep and waking are tied to these rhythmical changes in tissue conditions, but with a reversal of relations between light and dark. The study of these phenomena has attracted researchers from a variety of backgrounds, including psychobiology and psychophysiology. One of the most active groups, located at the University of Tasmania, has been measuring sleep parameters, e.g. slow wave sleep, deep sleep, in relation to such variables as exercise, 12physical fitness and body constitution (e.g. Griffin & Trinder, 1978; Montgomery et al., 1982; Paxton et al., 1982; Trinder et al., 1982, 1983). Sleep is also being investigated for its association with other circadian rhythms, by biologically based researchers from psychology, psychiatry and biology at the Flinders University of South Australia, who are uncovering evidence, for example, that insomnia is associated with an abnormal rhythm of body temperature (Kalucy & Condon, 1982; Tantam et al., 1982; Wilson & Lack, 1983; Grosvenor & Lack, 1984). Within the brain specific structures and neurotransmitter systems have already been identified as involved in the mechanisms controlling these rhythms. When sudden changes are introduced in the environmental time cues, as with ‘jet lag’, behaviours related to the tissue conditions are disrupted. There is a growing body of evidence suggesting that abnormal circadian rhythms may underlie some human mental disorders. Psychobiological research in Australia in this general area of ‘chronobiology’ recognises the importance of experimental studies with animal models while continuing research into interactions between circadian rhythms and normal and abnormal human behaviours.



Learning and memory

Clearly there are many behavioural patterns which are also essential to the welfare of an organism, yet are not innate. Australian psychobiologists have joined colleagues abroad in attempts to devise and to test hypotheses about ways in which neurochemical events may mediate the effects of experience in modifying behaviour and the persistence of new behaviours once established.

One of the great mysteries in the plasticity of living organisms as they cope with their environments is the phenomenon of memory—how information is stored to be retrieved at some later time despite the multitude of events which have intervened. Research by Australian psychobiologists (e.g., Gibbs & Ng, 1977; Gibbs et al., 1978) is having important influences on the conceptualisation of neurochemical events involved in the storage. Results of their research suggest that the formation of short-term and intermediate memory depend upon events at the neuronal level, while the formation of long-term memory involves protein synthesis which may be associated with lasting morphological changes as proposed by early theories about the nature of the memory process.

Questions about the selective involvement of different neurotransmitter systems in different behaviours have drawn the attention of psychobiologists for many years. Research by Australian investigators has implicated the cholinergic neurotransmitter system as at least one of those involved in learning and memory (Squire & Davis, 1981). 13Manipulating this system by decreasing synthesis of the transmitter has been shown to interfere with retrieval of memory once stored, without significantly affecting storage itself (Russell & Macri, 1978). Introduction of a different transmitter, dopamine, directly into the brain has been found to suppress selectively performance of a learned behaviour (Bracs et al., 1984). It has been reported that still another neurotransmitter is involved in behaviour dependent upon self-stimulation reward (Hunt et al., 1978).

Research of these kinds will lead eventually to knowledge about relations between neurochemical events and behavioural plasticity which can be used to facilitate learning and memory, particularly in instances when they are not functioning normally. Indeed clinical studies using knowledge already available are under way in other parts of the world in attempts to help in the treatment of amnesias, affective disorders and senile memory loss.



Tolerance

Australian psychobiologists are also searching for neurochemical correlates of other kinds of behavioural plasticity. Prominant among these is research on interactions between behaviour and neurochemical events during the development of tolerance. Tolerance is observed in the decreasing effects of repeated exposure to a chemical substance, a process essential to normal behaviour in today’s complex chemical environments. The nature of the search for neurochemical correlates of this process is illustrated in an extensive research programme centred upon the study of the development of tolerance to chemical compounds which interfere with normal functioning of the cholinergic neurotransmitter system. One aspect of tolerance to such interference is the return of affected behaviours to pre-exposure baselines, the magnitude of acute effects and of time for full recovery being dependent upon the level of the exposure. The search for neurochemical mechanisms of action underlying the compensatory changes in behavior has included the testing of a broad range of possible hypotheses (Russell, 1982; Overstreet, 1984), only one of which has been supported: research by an Australian psychobiologist has demonstrated that the development of behavioural tolerance under the conditions described here is paralleled by a decrease in number of postsynaptic cholinergic receptors in certain areas of the brain (Schiller, 1979), an observation which has since been replicated by other investigators.



Habituation

Habituation has been referred to as perhaps the most elementary and ubiquitous form of behavioural plasticity. It is observed as decreasing magnitudes of effect during repeated exposure to a particular sensory 14stimulus. The search by Australian investigators for neurochemical factors in habituation which has centred on the cholinergic neurotransmitter system leaves the situation still unclear. In one series of experiments little evidence for involvement of the cholinergic system was found (Overstreet, 1977). Later studies reported that increasing the transmitter levels in the brain by oral ingestion of lithium suppressed the initial reactivity of the acoustic startle response to a level characteristic of control subjects following habituation (Russell et al., 1981), a finding consistent with the use of lithium therapy to suppress hyper-reactivity in manic-depressive illnesses.

The possibility that habituation to sensory stimuli may be affected by neurochemical or morphological lesions in the brain and, consequently, could be useful in the early identification of such pathologies has recently been the subject of an unusual series of Australian studies (Leader et al., 1982). Habituation of a behavioural response of the human foetus to a repeated vibrotactile stimulus was observed in 40 normal pregnancies within 10 days of delivery. Only three of the foetuses failed to habituate within 50 stimuli. Few foetuses responded at 23–24 weeks, but almost all by 27–28 weeks, with females tending to habituate at an earlier gestation age than males. Clinical uses of the technique deserve further study.



Neurohormones

Another current trend in the search for neurochemical substrates of behaviour involves research on neurohormones, which affect brain functions and, hence, behaviour. During recent years Australian psychobiologists have begun some outstanding research programmes to study systematically effects which neurohormones have upon behaviour.

Particular attention is being given to a hormone, melatonin, secreted by the pineal gland, which appears to have a significant role in the brain’s modulation of a number of endocrinological, neurophysiological and behavioural processes including the synchronisation of circadian rhythms (see review by Datta & King, 1980). In animal models injections of melatonin mimic the effect of onset of darkness, its action being on the timing mechanism controlling the diurnal switch from behavioural quiescence to activity (Redman et al., 1983). Target sites are receptive to melatonin only at certain times of the day. It has been demonstrated that a wide variety of behaviours are influenced by the control of the synthesis of melatonin by light/dark environmental conditions: motor activity, consummatory responses, learning and extinction, and responses to stress (Datta & King, 1980; Golus & King, 1981). This is not surprising when it is realised that interactions may occur between neural effects of melatonin and those 15of central neurotransmitter systems, which also show circadian rhythms and which are so intimately related to behaviour.

Studies designed to examine effects on behaviour of other neurohormones, e.g., corticosterone (O’Reilly et al., 1981), angiotensin (Nicolantonio et al., 1983), and melanocyte-stimulating hormone (Datta & King, 1982) are also under way.




Where dynamic events occur: roles for brain structures

Obviously neurochemical events must have structural sites in which to occur. Because the brain is not homogeneous structurally or neurochemically, the possibility that particular behaviours may be related to particular neurochemical events in particular areas or circuits in the brain has long been an attractive hypothesis for Australian psychobiologists. In the main they have passed through the stage in neuropsychology when brain sites were viewed as ‘centres’ for behaviour: they appreciate that particular sites may be essential, but not sufficient elements in the behaviour of the total organism. There still exist some problems in defining ‘function’ when considering structure/function interactions, a logical fallacy being committed when ‘function’ is defined a posteriori, i.e., by assuming that behavioural effects produced by a structural lesion is necessarily valid evidence for the functions of the affected site.


Sensory psychophysiology

One of the traditional interests of psychobiologists has been in questions about how information (stimuli) from the external environment becomes encoded into the language of nerves and transmitted for processing in the central nervous system. Contributions to an understanding of such processes as they occur in hearing continue to come from researchers in Monash University at a time which they see ‘as a watershed in auditory cortical research’ (Aitkin et al., 1984). To those interested in sensory psychophysiology their studies of principles basic to the organisation and response properties of neurons in the auditory pathway represent an important trend in Australian research on brain functions in behaviour, a trend which also includes studies of the functioning of other sensory modalities.



Diaschisis

Australian investigators have recently reported results of experiments which show that brain lesions can have behavioral effects which are dependent upon events distal to the site of damage. Although this fact is not new in the clinical literature (labelled ‘diaschisis’ by Monakow in 1914), 16it has not been extensively investigated experimentally. For example, it has been hypothesised that recovery from bilateral lesions in one area of the brain (the lateral hypothalamus) can be attributed to the development of hypersensitivity of receptors (dopamine) in another area (striatum) of the brain. To test this hypothesis the investigators (Willis et al., 1983) administered a dopamine receptor blocking agent prior to lesioning. The particular agent is one which acts only peripherally. The treatment significantly facilitated recovery of behaviours impaired by the lesions, indicating that events as distal to the site of the lesion as to be outside the blood-brain barrier were involved. Other experiments have shown that lesions in the septal area of the brain give rise to significant decreases in the functioning of a neurotransmitter system in the adjacent hippocamus, suggesting that the hyper-reactivity and other signs of septal lesions may arise from hypofunctioning of its neighbour. Such findings as these have led to one of the theoretical models of behavioural plasticity, which proposes that at least some of the behavioural consequences of a lesion arise from secondary effects in sites distal to the lesion and that recovery is related to the disappearance of these distal effects.



Animal models

Australian psychobiologists have used animal models for studying experimentally the effects on a variety of behaviours of structural lesions in several areas of the brain. Lesions created by mechanical (e.g., Halliday & Bandler, 1981), electrolytic (e.g., Kirkby et al., 1981) and chemical (e.g., Sanberg et al., 1981) techniques have produced similar effects on behaviour, although differences in extent of lesions presumably in the same sites of the same animal models often confound exact comparisons. Microinjection into specific brain sites of substances known to activate particular behaviours is being used as another approach to identifying populations of axons and/or cell bodies associated with the behaviours (Bandler, 1982; Iansek, 1980). Techniques using radioactive labelling of neuronally active substances and methods for identifying neurons affected by stimulation (e.g., Cher & Bandler, 1981) are more recent additions to the search for structure-behaviour interactions. Among the information provided by research of this kind is further evidence for the integration of morphological, neurochemical and neuroendocrinological variables in the behaviour of the total organism (e.g., Wallace et al., 1983).



Human subjects

Several experimental studies with animal models have recently pointed to morphological, neurochemical and behavioural similarities between 17effects of chemical (kainic acid) lesions in animals and those of Huntington’s disease in human patients, suggesting the validity of generalising basic principles from one to the other. The genetic basis of Huntington’s chorea, which involves degeneration of small cells in one area of the brain (caudate nucleus) and more diffuse atrophy in another area (cortex), illustrates one of the clinical approaches to research on sites of action in human subjects, i.e., the study of behavioural consequences of genetic errors involving abnormalities in brain structures and/or functions. A second approach is adventitious, using cases of accidental trauma for gathering information. A third approach becomes possible when brain surgery is performed for therapeutic purposes.

The interest of Australian psychobiologists and their colleagues from related disciplines in brain structure-function relationships was clearly illustrated in a series of symposia on the topic of aging held in 1983 in several parts of the country. Changes in behaviour accompany normal aging processes. However, these may be exacerbated by pathological states, as evidenced for example in senile dementia of the Alzheimer’s type (SDAT). Discussions during the several symposia centred around evidence for inter-relations in SDAT between reduced densities of neurons in certain brain areas, reduction in levels of available neurotransmitters and behavioural changes in intellectual, emotional and motor functions. It was quite clear that the concept of the integrated organism was essential in these discussions.

Psychobiologists in Australia continue their interest in the basic dissimilarities between right and left hemispheres of the human brain in the processing of sensory input and in the hierarchy of dominance between them when competing for control over both information processing and motor output. Some of the research in this area has been directed toward studies of perceptual asymmetries on various laterality tasks as they are performed by normal subjects. One of the major hypotheses put to test and receiving some support states that stimuli are better detected when they have direct, versus indirect, anatomical access to the hemisphere most specialised for processing them (Bradshaw et al., 1983; Pierson et al., 1983). However, these investigations point out limitations to this ‘switchboard’ model, since the superiority of processing stimuli that have direct access to the specialised hemisphere is modified by stimulus-response compatibility, predictability of side of occurrence of stimuli, and whether the subject is vertical or horizontal.

A research programme at the Flinders University of South Australia has focussed on neurologically impaired as well as normal subject groups. When pairs of simultaneous different words are presented, one to each ear (dichotic stimulation), and the subject required to 18press a button each time a target word is detected, twenty per cent more right than left ear targets are responded to and responses to right ear targets are 50–100 milliseconds faster than left ear targets (Geffen & Traub, 1980). This perceptual asymmetry has been explained by assuming that information from the ipsilateral auditory sensory pathways is suppressed by the contralateral pathways during competitive, dichotic stimulation. Thus, the left and right ear inputs are initially received in the right and left hemispheres respectively. Since the left hemisphere is specialised for speech processing, a right ear advantage is evident. Left ear words, received initially in the right hemisphere, have to cross the corpus callosum for analysis in the left speech processing hemisphere. Patients with lesions of the corpus callosum that interrupt the auditory interconnections show a very large right ear advantage, with almost no responses to left ear target words (Geffen, 1980). However, the suppression of ipsilateral input is not complete, because perception of fused word pairs (e.g., left ear back, right ear lack, percept: black) occurs as frequently in ‘split-brain’ patients as in control subjects (Geffen, 1980; Sexton & Geffen, 1981).

An extensive review has challenged the notion of ipsilateral suppression, one of the basic assumptions of the hemispheric specialisation model of the ear advantages obtained with dichotic stimulation (Geffen & Quinn, 1984). These authors have pointed out that dichotic stimulation is not a necessary condition in the production of ear advantages and that by directing attention to the left half of space, the right sided perceptual advantage can be overcome. Their alternative proposal is that each auditory hemispace is represented in the contralateral hemisphere, and therefore words in the right hemispace have more direct access to the left speech processing hemisphere.

Geffen and her colleagues have investigated the validity and reliability of the dichotic monitoring test for determining hemispheric specialisation for speech perception by giving the behavioural, non-invasive test to patients whose speech dominant side had been invasively determined (Geffen & Caudrey, 1981; Geffen, Traub & Stierman, 1978). The dichotic test predicted side of speech dominance with 95 per cent accuracy, and this included cases of atypical, i.e., right or bilateral, speech representation. The test has been put to clinical use for neurosurgical cases that require unilateral temporal lobectomy to relieve focal epilepsy (Wale & Geffen, 1981) and is currently being cross validated.

Concepts of laterality of function have also been used to search for dysfunctions in individuals with behavioural disorders. For example, studies of aphasia and of neuroanatomical damage have specified with some precision the sites of syntactic processing in the left brain. Measures of syntactic complexity derived from the analysis of free 19speech samples from schizophrenic subjects have been found to be correlated significantly with age of onset of the disorder, reduced syntactic complexity being related to early age of onset (Morice & Igram, 1983). Such results add support to the increasing evidence for left hemisphere dysfunction in schizophrenia.

For some time there has been speculation about similarities between autistic and language-impaired children. Because aphasia in adults and often in children involves damage to the left cerebral hemisphere, it has been suggested that at least some autistic children may suffer from such damage. This hypothesis has been put to test by two Australian psychobiologists in a study comparing the performances of autistic, language-impaired and non-language-impaired children in a dichotic listening task (Arnold & Schwartz, 1983). Language-impaired children showed a left ear bias for language material, indicating a right hemisphere lateralization for language. Autistic and non-language-impaired subjects showed right ear bias, i.e., left hemisphere dominance. In this case, failure to support an hypothesis was significant by focussing attention on more likely possibilities.




Drugs: the chemical modification of behaviour

A ‘drug’, broadly defined, is any chemical substance that affects living processes. The term is used in this sense in psychopharmacology. Australian psychobiologists—in collaboration with colleagues in neurochemistry and neuropharmacology—have become increasingly interested in the full chain of events that begins with the entry of a chemical into the body and results in effects on behaviour.


Kinetics of drug action

To be able to describe these events requires an understanding of how chemicals from the external environment reach their sites of action and what their fate may be within the body. How critical this understanding may be is illustrated in a series of experiments on sex differences in behavioural effects of one class of compounds which affect functioning of a neurotransmitter (cholinergic) system in the brain (Overstreet et al., 1979). Female animals were found to be less sensitive to administration of the drug than were males. It took another series of studies to discover that the effect was related not to mechanisms of action in the brain, i.e., to its pharmacodynamic effects, but to differences in the peripheral circulation which decreased the amount of drug entering the brain of female compared with male subjects, i.e. to pharmacokinetic differences between the sexes.20



Dynamics of drug action

Early in the history of psychopharmacology prominence was given to testing hypotheses about drug-behaviour interactions in which a drug served as the independent variable and some form(s) of behaviour the dependent variable, with little interest in what may happen in between. Some time ago the emphasis in Australian psychobiology, as well as in the discipline elsewhere, shifted toward greater concern about mechanisms of action. An example of how Australian research is contributing to knowledge about a drug of great socio-economic importance may help to clarify this point.

Human preferences for ethyl alcohol (ethanol) have been noted from very early in recorded history, yet the mechanisms by which ethanol acts acutely and chronically are still unclear. How complex the mechanisms may be is illustrated by a report that chronic intoxication with ethanol causes a significant increase in protein turnover in all areas of the brain (Sedman et al., 1982). Animals used in these experiments came from an ethanol-preferring strain. That genetic selection enters the story is consistent with the view that neurochemical differences in the brain which influence behavioural effects of drugs may be coded genetically. Research by other Australian psychobiologists provides a lead as to what the mechanism and its genetic involvment may be (Myers & Singer, 1984). Animals treated chronically with ethanol were found to have significantly higher levels of an opiate-like substance (salsolinol) in an area of the brain (hypothalamus) which, as stated earlier, is associated with motivation. The intake of ethanol can be blocked by opiate antagonists. Substances (e.g., acetaldehyde) which form opiate-like molecules in the brain can increase ethanol intake, providing further evidence for the involvment of opiates in the pharmacodynamics of ethanol. Individual differences in these pharmacodynamics may be under genetic control. While the search for such relationships continues with animal models, other Australian investigators are turning their attention to the modification of human behaviour by ethanol. In a particularly interesting prospective study of light-to-moderate drinkers, relations between cerebral atrophy (as determined by cranial computerised tomography), psychometric performance and dietary regimen were examined (Cala et al., 1983). The vast majority of subjects showed some atrophy, related in most cases to psychometric deficits. With but one exception, the atrophy was reversed in subjects who abstained from ethanol for three to twelve months. Approximately half the subjects were deficient in some dietary factor. Developing from research of this kind are such practical outcomes as the use of multi-faceted approaches to the early detection of brain damage in alcoholics (Byrne, 1982).21




What we eat: nutritional influences on behaviour

The fact is often overlooked that most of the chemical substances affecting behaviour are taken into the body as food and drink. It is from these substances that cellular components are continuously renewed. Rejuvenation of cell contents results from a qualitative and quantitative balance between synthesis and breakdown. In the neuron, for example, many molecules are less than a week old, some turn over several times each day, and very few date back more than a few months. Working in collaboration with experts in related disciplines, Australian psychobiologists are engaged in research projects involving studies of the behavioural effects of varying nutritional conditions both in human subjects and in animal models. Three examples will illustrate the directions the research is taking.

One of the basic areas for research in this field arises from the question of how appetite, food intake and regulation of body weight are controlled. The question has particular current relevance in the context of human clinical problems related to such syndromes as those associated with obesity and anorexia. Some 30 years ago experimental studies using animal models implicated an area of the brain, the lateral hypothalamus, as the morphological site of such control. Development of biochemical and histochemical techniques led to the hypothesis that depletion of functional neurotransmission (dopamine) in a morphologically related area, the striatum, is responsible for the behavioural changes. Australian investigators (see summary in Willis & Smith, 1984) queried what they considered an overly simplistic view that only one transmitter is involved. On the basis of their recent studies they have proposed that the accumulation of other neurochemically important substances, amines, as well as dopamine has functional significance in consummatory deficits. They are expanding their research to include investigations of specific pathological states of human dietary regulation, e.g., anorexia nervosa, the anorexia-cachexia syndrome of cancer.

One present research programme is illustrative of ways in which animal models may be used to advantage in studying effects of a single dietary deficiency under properly controlled conditions. Iron deficiency is a well known human nutritional condition prevalent in all areas of the world, in pregnant and non-pregnant women, in children and the aged. An Australian group has demonstrated the ubiquity of effects on motoric performance, circadian rhythms and such cognitive processes as learning and memory (Williamson & Ng, 1980; Findlay, et al., 1981), strongly indicating the importance of sustaining at least minimum iron requirements to the maintenance of normal behaviour.

22A programme initiated very recently is an example of research in which a particular human syndrome serves as a focal point for the study of its nutritional basis (Russell & Hart, 1984). The investigators have embarked on a multi-faceted investigation of nutritional factors in the pre-menstrual syndrome (PMS). An initial phase of the programme has used computerised analyses of daily food intake to search for potential nutritive differences between women with high and low levels of PMS. A second phase involves the use of a double-blind, placebo controlled experimental design to study effects of vitamin B6 on PMS. The third phase is planned to investigate the possible involvement of the hormone progesterone in PMS and how such an interaction may be related to progesterone’s circadian rhythm.



Effects of heredity and early environment

‘Our knowledge of the pathway from gene to behaviour, certainly a long and tortuous one, is as yet little understood (Shaw, 1976).’ Observable and measurable behavioural traits constitute an organism’s behavioural phenotypes. In the integrated organism behavioural phenotypes interact with morphological and biochemical phenotypes. To understand the origin and development of any phenotype, genetic and environmental determinants must both be considered. Two general approaches to discovering contributions of each have been followed by Australian investigators (Russell, 1983). The genotypic approach takes a known difference in heredity and studies its influences on behaviour. The phenotypic approach starts with known individual differences in behaviour and seeks to discover the genetic factor(s), if any, which underlies the variations.


Genetic determinants: animal models

Illustrative of the uses to which Australian psychobiologists have put experimental methods in the search for interactions between behaviour and its neurochemical substrates is a research programme, still under way, reported by Overstreet and his colleagues (1979). During its initial phase, the programme was designed to develop, by selective breeding, distinct lines of rats which differed in interactions between certain behavioural and neurochemical phenotypes. By intermating males and females least reactive to manipulation of the cholinergic neurotransmitter system and also selectively mating those most reactive, two new lines of animals have been developed. One line is more sensitive to changes in the neurotransmitter system; the other more resistant, although not more so than randomly bred animals. This differential sensitivity extends beyond the criterion variables 23upon which the selective breeding was based and sensitive-line animals are more affected by pharmacological manipulations of the cholinergic system other than that involved initially. Neurochemical analyses of brain tissue by gas chromatography-mass spectrometry and studies of radioligand binding in various regions of the brain have provided evidence that the differential sensitivity described above is related both to elevated synthesis of the neurotransmitter and to an increased number of muscarinic receptors. Further information about the genetic basis for these neurochemical system-behaviour interactions has come from experiments in which the sensitivities of the two inbred lines were compared with first and second generation crosses between the lines. The results for males are reasonably consistent with a single recessive gene model for sensitivity; for female animals, a two-gene model is needed.



Genetic determinants: human studies

One Australian university is engaged in a large scale study of genetic determinants of child development, one of the very few such research programmes in the world today (Hay & O’Brien, 1983; Hay & O’Brien, 1984; Hay, O’Brien, Johnston & Prior, 1984). The programme recognises that the phenotypic variance P, among individuals is closely associated with differences both in genetic determinants, G, and differences in nongenetic (environmental or acquired) determinants, E, and may be influenced by interactions between the two: P = G + E + f(G,E). Therefore, the study of E as well as G variables has an inherent role in the research. The magnitude of the effort required is evident by the fact that some 1500 twins, their brothers, sisters and cousins are being observed during a period from birth to fifteen years of age. An illustration of important knowledge being generated by the work is the observation that, on the average, twins of pre-school age are some six months retarded in language development, associated with a high incidence of reading disability. Some hypotheses as to the basis for this fact emphasise environmental determinants, e.g., the unique social relationships between twins reared together. Other hypotheses give precedence to genetic determinants of brain function, e.g., hemispheric dysfunction, a lack of the normal division of function between the two halves of the brain. It is interesting that the importance in Australian psychiatry of a multidisciplinary approach with due regard to genetic factors in the inter-relations between psychodynamic, social and biological factors has received special attention during recent years (Kiloh, 1982).



Developmental determinants

From the time of zygosis the organism is exposed to external environments which vary in their complexities and provide increasingly 24broad opportunities for deviant environmental conditions to affect later behavioural development. Extreme effects induced when mothers have been exposed to such chemicals as mercury and thalidomide during critical stages of pregnancy have led to the establishment of a new discipline, teratology. Unusual states induced in the gestation, postnatal or postweaning environments may be followed by behavioural as well as biochemical or morphological anomalies. Interest in the study of developmental determinants of behaviour is another current trend in Australian psychobiology.

Clinical descriptions of human children displaying the foetal alcohol syndrome (growth retardation, a variety of somatic malformations and mental retardation) have come from many parts of the world, including Australia, since the syndrome was reported in 1973. One research programme (Bond, 1981) is directed toward determination of the mechanism(s) of action underlying the behavioural effects. To vary potentially important parameters experimentally required the use of animal models. Early studies demonstrated that animals exposed to alcohol (ethanol) in utero are hyperactive and that the hyperactivity disappears with age. Among hypotheses about the mechanism of action of ethanol under these conditions was the possible involvement of the cholinergic neurotransmitter system. By manipulating this system pharmacologically it has been concluded that prenatal ethanol exposure has a profound effect in producing an abnormally functioning cholinergic system, which, as a consequence, does not play its usual role of suppressing behaviour. Because this neurotransmitter system is involved in behaviours other than general activity, e.g., memory, it may well be that the present results have much broader implications.

Adventitious exposure to lead (Pb) has long been viewed as the culprit in the development of behavioural abnormalities. Recognition that Pb, not a natural constituent in living organisms, is generally distributed throughout the external environment has led to major efforts to keep exposures to a minimum. This has raised the question: What is an acceptable threshold limit value? Australian psychobiologists, using animal models, are engaged in an experimental research programme which should help in finding an answer (Barrett & Livesey, 1983). Results on consequences of infant Pb ingestion have provided clear evidence of abnormal response patterns in animals with blood Pb loadings so low that the usual overt signs of toxicity did not appear. Such animals show increased reactivity, loss of control when stressed, delays in acquisition of certain new responses and more rapid extinction once the latter have been established. These defects tend to disappear as animals grow older and are no longer exposed to Pb. Further studies seek to test hypotheses about neural damage and possible involvement of neurotransmitter systems.

25Both of the previous examples illustrate how exposures to specific external toxicants during development may have very significant effects on behaviour. Clearly the brain is not isolated from the internal and external environments. For almost a half century there has existed a considerable body of evidence that experimental animals with intact central nervous systems living in environments that are ‘enriched’ in some way relative to standard laboratory conditions have significant changes in brain structure and/or dynamics. The effects of such relatively nonspecific stimulation have been observed as increased dendritic branchings and synaptic contact, elevated levels of enzymes affecting neurochemical transmission and increases in RNA/DNA ratios. It has been tempting to generalise from such facts to effects on behaviour of restrictive environments in which the human child may develop—and many observations appear to be consistent with the generalisation. However, the story is not yet well documented. A recent review has led the Australian authors to conclude that ‘… there is no simple connection between gross neural changes induced by differential rearing and variations in the ultrastructural morphology of constituent cells and processes within the brain (Jones & Smith, 1980a)’. In their own studies of morphological effects of differential rearing in environments of varying social and physical complexity these investigators have reported significant differences between control and experimental animal subjects in only a minority of instances (Jones & Smith, 1980b). One possible outcome of the differential rearing studies may be evidence for animals in enriched groups to be more homogeneous, i.e., to show less variability among individuals, than those non-enriched (Watson & Livesey, 1982). The possibility that preoperative or postoperative enrichment of the environment could be used as a means of alleviating or minimising behavioural defects after brain damage is another hypothesis receiving some attention, tests so far provide mixed results with beneficial effects under some conditions and not others.




Putting knowledge to work

There are three broad professional areas in which Australian psychobiologists are putting their knowledge and skills to work.


Coping with the environment

In its broadest sense psychobiology looks at living organisms coping with changes in their physical and psychosocial environments. The environments often impose difficulties for the coping process. During the past quarter century much knowledge has been gained about how such ‘stressor’ situations affect neurochemical events within the body. 26This knowledge is now being put to practical use in identifying stressors, in pinpointing populations at special risk and in applying techniques for stress management. The Brain-Behaviour Research Institute at La Trobe University is particularly active in this area of applied psychobiology, bringing to bear the competences of multidisciplinary teams on problems of stress in such diverse work environments as the clothing trade, sawmill and chemical industries, electricity commissions, and police forces. The work is being sponsored by public authorities, by private industry and by trade unions. By using knowledge about relations between environmental stimulation and neurochemical activity (as measured, for example, by assay of urine cortisol, adrenaline and noradrenaline levels), it is possible to determine when workers are stressed in the various workplaces, to suggest ways in which the stress may be minimised and to monitor the success of techniques for managing stress reactions when they occur.



Clinical neuropsychology

Knowledge about relations between behaviour, neurochemical mechanisms and their morphological sites of action has potentially important contributions to make to diagnosis and patient management when genetic or traumatic deficits in the human brain produce behavioural anomalies (e.g., Geffen et al., 1980; Walsh, 1978).

Recent surveys of current activities in clinical neuropsychology (Gilandas & Touzy, 1982; Russell, 1981; Townes et al., 1979) have suggested that neuropsychology in Australia still lags behind in its development and practice compared with Europe and North America. There are a few internationally-known Australian members of the profession. However, programmes for the education and training of clinical neuropsychologists are limited, particularly in formal, e.g., university, routes to professional qualifications. This may well reflect present limited career prospects. The histories of other new professions, like clinical psychology after the Second World War, suggest that demand will develop as skilled persons become available. This is clearly the state of affairs in other nations, where the increased effectiveness with which neuropsychologists are functioning appears to be linked with an increased demand for their services.



Neurobehavioural toxicology

A third category of application is of more recent origin in the world generally. ‘Neurobehavioural toxicology’ is concerned with circumstances in which chemicals entering the body by any route produce adverse effects on behaviour. Prospects for the emergence of neurobehavioural toxicology as a new discipline in Australian psychology have been discussed in two recent publications (Russell & Singer, 1982a, 1982b). 27Although there is an obvious need to develop present knowledge about toxic conditions which produce behavioural malfunctions and about how to diagnose and to manage such malfunctions when they do occur, the prospects for growth of the new discipline in the near future are not bright. While neurobehavioural toxicology continues to assume ever more useful roles in other parts of the world, those responsible in Australia appear not yet to be convinced. Motivation to act voluntarily or by official regulation has often come from public outcry when severe behavioural abnormalities have been found in populations at special risk from exposure to toxic conditions (e.g., pregnant women, young children, occupational workers) and from costly litigation brought by those affected. It will be unfortunate if recognition of the services that can be rendered by neurobehavioural toxicologists in Australia must await such drastic experiences.




Toward the future

During the preceeding discussion the term ‘psychobiologist’ has been used to refer collectively to those who might describe themselves differently, but all of whom are contributing to the advancement of knowledge about the brain and behaviour. It is a healthy sign that what quite obviously cuts across the capabilities of several formal disciplines is attracting attention from experts in all of them. Australian psychobiologists are finding it exciting and motivating to be at the frontier of new ideas, concepts and technical advances in this area. In the concept of the integrated organism which underlies psychobiology, behaviour is of importance equal to other properties of living organisms. As Hughlings Jackson, the famous clinical neurologist, once commented: ‘The highest nervous processes are potentially the whole organism.’
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3 Perception and perceptual development
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We will be concerned here with the scope and direction of earlier and contemporary enquiries, mainly in Australia, into the nature and origins of human perception. Following a short introduction to perception as a field of enquiry and to the recent history of the study of perception in Australia, recent research will be reviewed in two main sections: studies of perception with adult subjects and the development of perception in infancy and early childhood.


Perception as a field of enquiry

Perception can be defined as the representation in consciousness of situations and events in the external environment and of states of the self such as body posture, movement, limb position, and limb movement. Thus wavelengths of light are represented as colours, many atmospheric gases as smells, and body inclinations relative to gravity as perceived body tilts and pressures on the skin.

Perception as a field of enquiry is broad, many-faceted, and unique in character. Breadth of enquiry is evidenced by questions ranging from those couched in metaphysical and epistemological terms to those of an essentially anatomical or neurophysiological character. Questions about knowledge of the world when perception is a ‘construction’ of the mind are as relevant to an understanding of human perception as those concerned with the encoding of information in a temporal pattern of nerve impulses.

The many-faceted nature of research is clear when it is considered that it encompasses the nature of the physical stimulus, the structure and function of sensory systems, the role of past experiences, the integration of information conveyed through separate systems, the nature and origin of perception early in development, and the basis of 34non-veridical (illusory) perception, to mention only some of the issues of concern. The methods used in attempting to solve problems in perception include electrophysiological recording, traditional psychophysics, conditioning, and observation of directions of visual fixation.

The uniqueness of perception as a field of enquiry has been discussed by Rock (1975). He has pointed out that in traditional terms science is concerned with phenomena that are independent of the observer and which, in principle, can be observed by others regardless of whether the method of observation is direct or indirect. If the phenomenon appears different to what it is in objective terms, as when the moon appears to move through the clouds, appropriate means can be devised to correct the illusion. Whereas in the study of perception attention is sometimes given to the objective state of affairs, i.e., the physical stimulus, interest centres primarily on the way things appear to the observer. In the case of the apparently moving but objectively stationary moon among the moving clouds, interest is directed to the appearance of movement of the former. Thus departures from veridicality in perception, i.e., perceptual illusions, are as important in the study of perception as veridical effects. In this regard perception as a field of study is unique.


The beginnings of research on perception in Australia

Little or no research of any significance on perception seems to have been carried out in Australia before the mid-1940s. This is surprising since departments of psychology had been formally established as separate entities in the University of Sydney in 1929 and in the University of Western Australia in 1930. Experimental psychology, of which the study of perception had for long been considered an important part, had been taught in both places for some years before these dates (O’Neil, 1983).

The first noteworthy research in human perception was initiated in the departments of psychology in the University of Western Australia by Marshall from the late 1940s, in the University of Sydney by O’Neil and his students and by Day and Pollack from about the mid-1950s, and by Seagrim in Canberra University College—also from about the mid-1950s. With the exception of O’Neil, all had recently arrived from overseas to take up academic positions.

Marshall was concerned initially with visual form perception under reduced or ‘impoverished’ conditions, such as low illumination or short exposure. His interest centred mainly on whether visual perception mediated by the rod or scotopic system of the eye is different only in the degree to which it copes with fine detail compared with the cone or photopic system, or whether there are differences in kind 35between the two systems (Marshall & Day, 1951). O’Neil, with Nixon, initiated experiments on visual shape constancy, the degree to which perceived shape remains stable with tilt of the object in depth (see Nixon, 1958, 1961) and Day and Pollack began a series of experiments on spatial or ‘figural’ after effects, apparent distortions of form that occur as a consequence of prolonged stimulation, originally reported by Gibson (1933, 1937) and Kohler and Wallach (1944). Seagrim also worked on these effects (Seagrim, 1957; Seagrim and Grenot, 1956). Day, Pollack and Seagrim (1959) later, in a critical review, set out the main problems and issues arising from their own work and that of others on spatial after effects. It can be noted too that Howarth in the University of Melbourne was working on a related effect, apparent reversals in the Rubin figure (Howarth, 1957).

After these beginnings interest in human perception continued and expanded in all three centres. In Western Australia Marshall and his students pursued their work on visual perception at low illumination. In particular, they investigated the Ansbacher effect, the apparent shortening of a figure moving in a circular path (Marshall & Stanley, 1964; Stanley, 1964, 1966) and the reduction in the magnitude of the Hering illusion at low illumination and small visual subtense (Marshall & Di Lollo, 1963). In the University of Sydney Over, working under the general direction of O’Neil, began a programme of doctoral work on visual size constancy and the size-distance invariance hypothesis (Over, 1960, 1961, 1962). Day continued his work on spatial after effects (Day, 1958a, 1959) and extended it to visual motion after effects, the perceived movement of a stationary object (Day, 1957, 1958b). Logan under Day’s direction undertook a series of experiments on the relationship between after effects and illusions involving tilted lines (Logan, 1962). At the Australian National University Seagrim’s research interests switched from spatial after effects to aniseikonic vision, apparent distortions of space that occur when the visual image at one eye is different from that of the other along a single retinal meridian (Seagrim 1967a,b). Gillam worked with Seagrim on this problem for her doctorate (Gillam, 1964).

During this period research was also initiated on some ‘applied’ problems in human perception, in particular with those associated with landing large commercial aircraft. Day collaborated with Cumming and Baxter of the Human Factors Group at the Aeronautical Research Laboratories in Melbourne and Lane of the Department of Civil Aviation, Melbourne, testing various visual aids designed to maintain the correct glide slope on approach to landing (Day, Baxter & Lane, 1960; Baxter, Cumming, Day & Lane, 1960). This work led eventually to the adoption internationally of the T-Vis Glidepath System.

36Although in 1945 there was little or no work of consequence on perception, by the end of the 1950s active and productive research groups were in operation in three universities and at least one government research centre. Furthermore, reports of research were beginning regularly to appear in the Australian Journal of Psychology and in various other journals.

From the beginning of the 1960s both the number of centres engaged in perceptual research and the range of problems under investigation increased markedly. Research groups were established at Monash University by Day in 1965, at Macquarie University by Singer in 1967, at the University of Melbourne by Stanley from the late 1960s, and at the University of Queensland by Over from 1970. Over later moved to La Trobe University. Research on perception began in the University of Tasmania when Lovegrove took up an appointment there in 1973.

Whereas some of the research programmes that got under way in the first half of the 1960s have continued to the present (e.g., Day’s work at Monash on perceptual illusions), others have ended with the chief investigators turning to new problems, e.g., Day and Singer’s work on the effect of optical transformation of visual input (see below). At this point we may note that from about 1970 there was a considerable interest in perception during early infancy. This is discussed below.




Research with adult subjects

The review that follows of recent and contemporary research on perception in Australia is far from exhaustive. While it is necessarily selective we believe that our review conveys a fair impression of the character and directions of Australian contributions.


Optically transformed vision and haptic perception

Typically, our different sensory inputs provide congruent spatial information about the environment. For example, a cup when placed on a table will be seen, heard and felt to be in the same place. The notion of selectively altering the input to one of the senses was originally conceived by Adigo (1886) and by Stratton (1896)—see Kornheiser (1976). Stratton transformed the retinal image through 180° thereby reversing and inverting the visual field. In an upsurge of interest in the significance of the adaptive process to an altered relationship between the visual and proprioceptive systems less extreme transformations of the visual input were introduced. Wedge prisms changed the median plane through about 10–20 degrees so that the 37apparent straight-ahead was displaced through the same angle.

Held and his associates (Held & Bossom, 1961; Held & Mikaelian, 1964; Held & Gottlieb, 1958) argued that the processes leading to adaptation to the new relationship between the visual and proprioceptive systems depended on ‘active’ as contrasted with ‘passive’ responses by the observer. Using a procedure essentially similar to that of Held and Gottlieb (1958) Singer and Day (1966) showed that adaptation to the rearranged visual field occurred to the same degree with passive as it did with active movements of the arm. This outcome, which called into question Held’s re-afference theory, was confirmed by other investigators (Pick & Hay, 1965; Foley & Maynes, 1969).

Later, Day and Singer (1967) developed a two-factor theory of the adaptation process associated with visual spatial transformations. They proposed that both behavioural compensation and sensory adaptation are involved. The first they regarded as a special case of motor learning similar to that occurring in ‘mirror drawing’ and the second as a sensory modification essentially the same as that involved in spatial after effects. The argument that motor learning is involved in proprioceptive adaptation has received general support in subsequent analyses of the problem (Kornheiser, 1976; Welch, 1978).



Sensory after effects and feature detectors

Among the fundamental insights of neurophysiological work on sensory systems in the 1950s and 1960s was the notion of ‘feature detectors’, cells which are triggered by a specific feature of the stimulus such as its orientation, spatial frequency, or direction of movement (Barlow, 1953; Maturana, Lettvin, McCulloch & Pitts, 1960; Hubel & Wiesel, 1962). Such cells are commonly triggered by a narrow range of values of a particular stimulus property, e.g., a restricted range of orientations. Since sensory systems undergo adaptation with prolonged stimulation, i.e., their sensitivity declines, it is reasonable to assume on the basis of the neurophysiological observations that adaptation will be more or less specific to a narrow range around the ‘triggering’ stimulus. This in fact was shown to be so for stimulus orientation (Gilinsky, 1968).

This method of selective adaptation for revealing ‘detectors’ or ‘channels’ in the visual system for different stimulus properties was skilfully exploited in the University of Queensland by Over and his colleagues during the 1970s (Lovegrove, Over & Broese, 1972; Lovegrove & Over, 1972; Over, Broese, Crassini & Lovegrove, 1974). This group used both the ‘simple’ and contingent after effect to demonstrate the presence of specific channels. The first involves prolonged exposure to a particular stimulus value (induction) followed 38by brief exposure to the same and a range of different values (testing) in order to assess the degree of adaptive specificity. The contingent after effect (CAE), first demonstrated by McCollough (1965), involves pairing two stimulus properties and alternating one set of values, e.g., red light and vertical lines, with another, e.g., green light and horizontal lines. Channel specificity is then revealed by adaptation to one property only in the presence of the appropriate value of the other. Such CAEs indicate the presence of specific channels or feature detectors for particular stimulus dimensions, e.g., wavelength. They can also demonstrate that a single unit encodes information about two stimulus properties, e.g., wavelength and orientation.

Lovegrove and Over (1972) showed by means of the CAE procedure that selective adaptation to colour occurs for a relatively restricted band of spatial frequencies of a pattern. They thereby demonstrated that information about wavelength and spatial frequency is carried by a single unit in the visual system. Over’s group also showed that the visual motion after effect (MAE) is contingent on the wavelength of the moving pattern (Lovegrove, Over & Broese, 1972). Over and Lovegrove (1973) went on to show that selectivity also occurred in respect of induced linear movement; induced movement was stronger when the stationary target and moving surround were the same in wavelength than when the two stimulus components were different.

It can be noted that the contingent relationship between the direction of both the MAE and induced movement on the one hand and wavelength on the other have been contested (Day & Dickinson, 1977; Day & Wade, 1979; Wade, 1980). Following further experiments (Lovegrove, Mapperson & Bowling, 1980) it was suggested that in regard to the MAE the wavelength contingency may occur only in a late phase of the after effect, not in the early phase. It seems that Day and Wade (1979) had probed only the first phase. This matter is yet to be fully resolved.

Lovegrove and Over (1973) showed that magnitude of the visual tilt after effect was reduced when the wavelength of inducing and test components of the stimulus were different. This result was later confirmed by Broese, Over and Lovegrove (1975) and was in accord with data reported by Elsner (1978) and Held and Shattuck (1971). However, Wade and Wenderoth (1978) did not confirm this outcome and suggested that the inconsistency might be due to procedural differences. This issue has also yet to be settled.

The now substantial body of data involving selective adaptation by various properties of the visual stimulus has on the whole tended to confirm the earlier neurophysiological observations. Furthermore, the extensive use of selective adaptation (see Braddick,.Campbell & Atkinson, 1978, for an extended review) has proved a powerful tool 39for investigating feature detectors and specific sensory channels. The inconsistencies between the outcomes of independent experiements to which attention has been drawn here indicates a need for further research to uncover the basis of the differences.



Perceptual illusions

Non-veridical perception or illusions have for long been a subject of enquiry in the experimental study of perception in Australia. Day (1984) has argued in a general survey of these effects that they derive in the main from perceptual processes that under normal conditions give rise to more or less veridical representations of external situations and events. However, the same processes can be invoked deliberately either by artifice or adventitiously under conditions that are ‘inappropriate’. In these terms perceptual illusions are not merely intriguing phenomena to be studied in their own right but potentially powerful probes for eliciting the processes associated with conscious representation.

A considerable body of experimental data and theory has emerged from research on illusions over the last 25 years. There is space here only to describe some aspects of this work.

It can be noted that perceptual illusions are not confined to the visual mode, although the greater body of research is concerned with visual effects. Perceptual illusions occur also in the auditory, tactile, kinesthetic and proprioceptive modes. The radial-tangential effect in hand-arm movements is an instance of a non-visual illusion. Movements in a radial direction from the body are perceived as larger than those made ‘parallel’ or tangentially to the body (Cheng, 1968; Reid, 1954). Over (1967) and Day and Avery (1970) confirmed the occurrence of this illusion in tactile-kinesthetic (haptic) space and Day and Wong (1971) investigated it in some detail. Later, Wong (1977) went on to show that the difference in apparent extent for the two directions is due to the different velocities of arm movement.

This finding is important for two reasons. First, it distinguishes the effect from the superficially similar horizontal-vertical (HV) illusion in visual space (Day & Wong, 1971). Second, it has for long been known that there is a reciprocal relationship between space and time in both vision and touch (Helson & King, 1931). Wong’s (1977) experiments have shown the radial-tangential effect to be a special case of this relationship.

Over has also given close attention to illusions in haptic space. In particular he (1966, 1967) invoked the occurrence of haptic effects as evidence against the then widely discussed constancy-scaling interpretation of illusion proposed by Gregory (1963). Over (1968) also demonstrated 40that the magnitude of the Müller-Lyer illusion varied in the visual mode according as subjects were instructed to judge in terms of ‘objective’ or ‘apparent’ size. This was not so in the haptic mode.

A quite different kind of illusion, the Ansbacher effect, (mentioned above) was closely studied by Stanley (Marshall & Stanley, 1964; Stanley, 1964, 1966, 1968). The effect occurs when an arc of relatively low luminance rotates slowly—about 0.5–2 rpm—in the peripheral field. Instead of appearing to lengthen as happens with fast rotation, the arc appears markedly shorter. Indeed, with an appropriate combination of luminance gradient from end to end and angular velocity the arc appears to contract to a mere spot of light. Day (1973) later conducted a series of experiments on this phenomenon and reached the conclusion that it is due to visual masking, i.e., to the suppression of the leading section of the arc by the trailing section (forward masking) or vice versa (backward masking). The main support for this interpretation was the strong effect of a brighter section of the arc on a less bright section leading or following it. Day also noted that an essentially similar effect had been studied by McDougall (1904).

Power (1964, 1966) initiated research on apparent reversals in the direction of motion of a rotating trapezium—the so-called Ames effect. This work undertaken with Day, apart from being the first systematic and quantitative investigation of the effect, showed that neither a ‘window-like’ form nor even a trapezium shape were necessary for the occurrence of the illusion. Apparent reversals occur also with elliptical and irregular shapes (Day & Power, 1963, 1965). Power and Day (1973) developed a general theory of the reversal effect and, more recently, Mitchell and Power (1983) have subjected the rotating stimulus to a careful mathematical analysis and proposed an alternative explanation in terms of stimulus invariance.

Two other important research programmes on non-veridical effects, both by Wenderoth working in Sydney, deserve comment. In the first the rod-and-frame illusion, the apparent tilt of a vertical rod in a tilted frame, an effect originally reported by Witkin and Asch (1948), was subjected to systematic analysis (Wenderoth, 1973, 1974; Wenderoth & Beh, 1977). The effect was originally explained in terms of the ‘major axis’ of the enclosing frame that is closest to the true vertical (Wenderoth, 1977). This view was later rejected in favour of the hypothesis that the rod-and-frame effect is probably a special case of a class of effects having in common intersecting lines or bars (Wenderoth, 1977). This view is in need of further examination.

Wenderoth’s second project has involved a wide range of experiments on the apparent misalignment of collinear stimulus elements (Poggendorff-type effects) and related phenomena. This project has revealed a number of processes associated with non-veridical effects in 41line patterns (e.g., Wenderoth, 1980a, 1980b; Wenderoth & Johnson, 1981, 1982).



Stereopsis and visual information processing

An account of research on perception in Australia would be far from complete without referring to the work of Ross and his associates in the University of Western Australia.
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