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Preface

Everyone said that it couldn’t be done,
But he, with a grin, replied
That hed never be one to say it couldn’t be done
Leastways, not ’til hed tried.
So he buckled right in with that same little grin,
By Golly! He went right to it,
He tackled the thing that couldn’t be done
And he, um ...

... couldn’t do it.

Anon'

This book provides a tutorial introduction to sensorimotor behavior and learning. It is
written to be used as a primary text for teaching at the upper undergraduate and beginning
graduate levels in kinesiology and psychology. The breadth and depth of coverage is likely to
malke it useful to research students and to undergraduates in other disciplines such as human
factors, biomedical engineering, physiotherapy, and the neurosciences. I have made an effort
to use real-world examples throughout; I have not attempted to cover applications. There
are many texts that emphasize applications in physical education and sports (e.g., Edwards,
2010; Magill, 2010; Schmidt and Lee, 2011), ergonomics and human factors engineering (e.g.,
Wickens et al., 2003), and movement therapy and rehabilitation (e.g., Shumway-Cook and
Woollacott, 2011); this book is not intended to be an alternative to these. Its purpose is to
provide an advanced-level introduction to the scientific study and understanding of sensori-
motor behavior.

The book has a self-explanatory structure (see Contents) and is designed to support many
different courses of study (I have never attempted to teach more than about four chapters’
worth of material in any single-semester course). I have made the book as modular as possible
so that it can be used in a flexible manner: the material has been used to support teaching at
all levels of undergraduate study in the UK by judicious selection of sections and subsections.
The material seems to have gone down surprisingly well with psychology students; the only
negative comments have been occasional statements to the effect that ‘this isn’t psychology’
and ‘too much science’ Depending upon one’s point of view, comments of this sort are not
necessarily bad.

The original idea was to present a comprehensive, up-to-date, balanced, and accessible
introduction to the field. I hope that what I have managed to produce is balanced, accessible,
and up-to-date. I freely confess, however, that it is not comprehensive. I, um ... couldn’t do it:
there weren't enough hours in the day or days in the week, and no sensible publisher could
have justified production of a book with the number of words and figures that would have
been needed. If anyone doubts my claim that there weren’t enough hours in the day, consider
the following. The book has about 650 numbered figures, many with multiple diagrams. In

! This is a parody of a poem by Edgar Guest as recounted to me by my father when I was a small boy. The original
may be found in Guest (1947).
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fact, there are more than 1000 individual diagrams all drawn by the author. The average time
taken to prepare a diagram (including captions and labelling) was about 2 hours, which makes
a total of a little over 2000 hours or 50 weeks of full time work (5 days a week, 9 am to 5 pm).
This had to come from the author’s spare time (I have a full-time job), which gives an idea of
the magnitude of the task. The result is that the book has numerous sins of omission, some
of which I was very reluctant to commit. The treatment of learning is particularly thin: I have
only been able to scrape the surface of the vast literature relevant to sensorimotor learning
and memory. My decisions concerning what to cover and what to leave out were guided by:

(1)
(2)
(3)

(4)

The courses I teach and have taught.

My interests (which are narrow) and my prejudices (which range widely).

What is most commonly taught in courses on motor control and learning.
Different people teach different topics, of course, and different textbooks cover
different material. I looked at the latest editions of existing textbooks and at
course outlines from various universities around the world to determine the
most frequent topics.

Accessibility: the research literature in sensorimotor control and learning is
replete with models and methods that involve the use of advanced mathematical
techniques and/or complex concepts from engineering and physics. In my
experience, the average undergraduate student of kinesiology or psychology
lacks the background necessary to be able to gain any useful understanding of
these techniques and concepts without studying them formally. Intuitive pre-
sentations of the simpler ideas is important, but I remain to be persuaded
that this is true for many of the more advanced and complex ideas. Intuitive
descriptions of dynamical systems theory, for example, have a tendency to
befuddle the reader, or worse, imbue them with the illusion of understanding?.
Thus, I have not attempted to provide intuitive discussions of more complex
mathematical ideas.

If, as a result of my decisions, I have left out your favorite topic, theory, or experiment,
then I can only apologize. Please feel free to write to me with a request that it be included in
the next edition (but beware, there may never be one).

JAMES TRESILIAN

* A more rigorous approach would be to start with a book like Blanchard, Devaney, Hall (2011).
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Sensory instruments

Cutaway showing structures of the middle and inner ear

The (left) membranous vestibular labyrinth

Deflection of hairs of a vestibular hair cell

Effects of deflecting the sensory hairs on the cell membrane potential and the
afferent firing rate

Deflection of sensory hairs in different directions

Schematic of the anatomy of a semicircular canal

Stimulus and response for a semicircular canal

Firing rate of canal afferents follows the angular velocity during acceleration
and deceleration

Orientation of the three semicircular canals

Acceleration about different axes of rotation stimulates different canals

Three cardinal axes of head rotation

Vestibular nuclei

Afferent connections between left otoliths and ipsilateral vestibular nuclei
Schematic diagram of the horizontal canals and associated circuitry illustrating
their push-pull arrangement

Small segment of the macula of an otolith

The otolithic maculae, showing the striolae and the polarization patterns of the
hair cells

Effects of head tilt on the utricular maculae

Effect of translational acceleration of the head on the utricular maculae
Connectivity of the vestibular nuclei
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Structure of a muscle spindle

Innervation of intrafusal fibers

Responses of type Ia and type II afferents to fast and slow stretches

Effect of y-MN stimulation on the response of spindle afferents to stretch

Golgi tendon organ

Somatosensory pathways to the cerebral cortex

Dorsal spinocerebellar tract

Somatosensory areas of the human cerebral cortex

Thalamocortical projections

Sagittal section through St showing division into sub-areas

Cortical representation of the body surface over SI

Kinesthetic matching task

Kinesthetic matching task in which the person attempts to match the posture of
the right arm with the left arm
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Task involving a visual-kinesthetic match

Two postures of the hand used in the study of kinesthetic perception of movement
of the distal interphalangeal joint of the middle finger

Discrimination of motion of the distal interphalangeal joint of the middle finger
under various conditions

Mechanical effect of holding a vibrating probe against a tendon

The Pinocchio illusion

Set-up for evoking the rubber hand illusion

Set-up for evoking an illusion of ownership of a model finger

Results from a kinesthetic matching task in which the right forearm and hand were
paralyzed and anesthetized

Simplified schematics of two extreme views regarding the perception of effort
Different types of coordinate system

Polar coordinate representation of finger tip location

An example of a kinesthetic localization task

Results from a kinesthetic localization task

Experimental task for studying the haptic perception of length

Results from an experiment using the task shown in Figure 3.57

Exploratory procedures for haptic perception
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Field of view of an eye in the transverse (horizontal) plane

Nodal points and visual angles

Extent of the visual fields in the transverse plane of the head. The binocular overlap
is shaded darker
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Cartoon illustration of the concept of optic flow
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Image flow due to eye rotation

The idea behind experiments demonstrating that people can use motion parallax to
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Cross-section of the eye showing the optic disc (blind spot) and the fovea
Photoreceptor distribution in the human retina

Visual acuity across the retina

Divisions of the retina
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Ganglion cell receptive fields and their responses to stimulation

Axons from the left and right hemiretinae project to corresponding sides of the brain
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Projections of retinal ganglion cell axons to nuclei in the brain

Visual pathways from the retinas to the superior colliculi and V1

Retinotopic organization of the visual pathway
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The visual axis

173
174

175
176
177
179
180

182
182
183
184
185
186
187
188
190

198
198
199
200
200
201
202

202
203
204
205
206
206

208
o0

D2
i)
214
215
216
217

218
219
220
221
222
223
224
224
225
228



