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ABSTRACT

This thesis 1s an attempt to develop empirical methods
which address the 1issue of body movements in music
performance. The closest equivalent work 1s found 1in
studies which adopt *"ecological” methods, based on the
theoretical approach of J.J. Gibson. Chapters 1 and 2
present this framework together with a review of related
literature from a variety of perceptual studies.

Chapter 3 presents four studies which use "point-light
technique” to illuminate body joints so that pure kinematic
information can be presented to observers. The results of
these studies demonstrate that kinematics alone provide
enough information to distinguish between different
expressive manners (deadpan, projected, and exaggerated)
and that the movement stimulus provides information
equivalent to sound. Systematic reduction of the amount of
point-light information shows certain body 3joints to be
more significant than others 1in conveying performance
intention.

Chapter 4 presents five studies which explore quantitative
and qualitative aspects of body movement in music
performance in an attempt to identify those features of
body movement which are expressive. A variety of techniques
is used including tracking, the construction of a movement
vocabulary and semantic differentials. These studies show
that the perception of expressive movements is based on a
complex mixture of quantitative and qualitative factors
incorporating a flexible repertoire of specific movement
types.

Chapter 5 presents the final five studies which explore
the constancy of this repertoire of movements over time and
across musical styles, and investigate the organisation and
origin of these movements. The techniques used in these
studies range from semantic differentials to interviews
with the performer. These studies show a degree of
consistency in the organisation of the expressive movements
across repeated performances and in different styles, and
reveal that musical structure and the performer’s emotional

response to 1t are important determiners of these
movements. The performer has partial knowledge of the

movements he makes, and even in the context of imaginary
performances, shows consistency in their 1locations and
specific character.

The final chapter presents a summary of all the empirical
results and develops a framework within which they may be
interpreted based on three main ideas: i) a "centre of
moment" for expressive movements; ii) a flexibly applied
repertoire of movements; 1iii) an interaction between
physical, biological and <cultural factors in the
establishment of this repertoire. The thesis concludes with
a brief discussion of further possibilities for research in

this area and the broader implications of such
investigations.
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1.1 INTRODUCTION

The research 1in this thesis is a contribution to the

psychology of expression 1n music performance. It 1is
primarily concerned with the visual perception of the

performer’s movements. With the assumption that the
perceiver detects expressive information in movement, this
research has two broad aims. First, to investigate what
movements are detected as expressive sources; and second to
examine how performance movements are organised and to
enquire where they originate. The visual component of music
perception 1s chosen because the existing empirical
research on musical performance has focused almost

exclusively on sound, and in so doing has ignored the fact
that the live performance presents the audience with both
sound and visual stimuli.

In the study of the aural component of music performance,
the term expression has tended to refer to the intentional

modifications of a variety of parameters (timing, dynamic,
articulation) by players during performance. These
modifications have been discussed in terms of their
structural and affective effects. In this study, movement
expression is considered to be the deliberate modifications
of body posture beyond those required purely for the
mechanical production of the notes. Because of the role of
movement 1in the production of music, it is realised that

the movements of the performance are associated with the
production of the sound modifications. Therefore, the
research links pure psychological enquiry with music study

in an attempt to deepen our understanding of the nature of
the visual information in music performance.

Initially, the thesis examines what is perceived in a
performance, but as the investigation progresses, the focus

shifts to the examination of performance production in
order to examine the source of the movements.



Music performance is a sophisticated behaviour, and in an
attempt to capture its richness and subtlety, a variety of
broadly empirical studies are used. These range from the
conventional experiment 1in which the data are analysed
statistically, to 1individual subject reports. The
conventional experiments are used to try to. examine
particular effects, whereas the subject reports are used to
address the more diverse properties of the performance.

1.2 EMPIRICAL WORK ON MUSIC EXPRESSION

From the simplest anecdotes it 1is known that what
differentiates one performer’s rendition of a piece of
music from another is the individualised interpretation.
Coker (1972) believes that such interpretation is bound up
in the performer’s ability to furnish the pitches, timing
and timbral indications of a composition with expressive
character. He believes that this character originates in
the performer’s thoughts about the music and her own
emotional and physical state. Support for this 6pinion can
be found in Balliot’s treatise on violin technique of 1834
which states that the performer must allow “personal
feeling to show itself supreme" (cf. Stowell, 1985: 269).
Questions about how these feelings are manifested have
produced a wide range of empirical studies which have taken

a number of viewpoints rénging from social psychology
through to motor skills.

At one extreme, Kemp’s (1981) investigations into the
personalities of musicians indicates that performers tend

to display common personality traits of introversion,
pathemia (sensitivity and imagination) and intelligence.
However, within this personality type, Davies (1978)
suggests that social stereotyping heavily influences the
player’s performing identity and how he or she should
behave within the performing context of an orchestra. By

asking members of a Glasgow-based symphony orchestra to



talk about themselves and their fellow players, Davies
found that string players tended to categorize themselves
as hard-working, aesthetic and sensitive. Yet the brass
players viewed the string players as  humourless, overly
sensitive wets. Whilst the brass players considered
themselves to be honest salt-of-the-earth types, the string
players saw them as coarse and loud-mouthed boozers. Davies
hypothesises that such opinions may begin to affect
players’ behaviour to such an extent that new members of
the orchestra could fall in with the stereotype: a brass
player becoming a heavy boozer, for example. He believes
that the stereotyping may originate in the much broader
British stereotype of the North/South divide, the equation
being that the brass players come from the North and
therefore tend to be of working class origin, whereas the
string players come from the South and tend to be of middle
class origin. Hargreaves (1986) presents many instances of
such stereotyping and group influence on the individual
musician. He concludes that such social behaviours are
empirically unquantifiable, but certainly create important
effects on the way in which the performer behaves, and
therefore the way in which he or she produces: a
performance. Indeed, from this personality-based
stereotype, Hargreaves (1982) suggests that peer pressure
or group 1influence also affects musical preferences.
Therefore it 1is also possible to conclude - that some
performers will modify their responses and performing
strategies to a piece of music on these grounds.

At the other extreme, the issue has been approached from a
motor skills perspective. Shaffer’s (1982) investigations
demonstrate that in order to organise movement there must

be a motor program and that in typing the characteristics
of the performance are like a "finger print” for how the

program is organised. Indeed, he shows that sequences of
Key presses have definite timing profiles across

performances of the same word sequences. He concludes
therefore that the movement control program elicits effects
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on the performance that are inevitable, but which are
expressive only of the individual’s production of words. In
work on expressive piano performance, Shaffer (1984)
concludes that some of the timing variations away from the

metric pulse of the musical rhythm are the inevitable
expression of features of the motor program. However, he

goes on to 1illustrate that there are also other timing
profile variations which are flexible in note production.
Though these features are themselves integrated into the
motor program, these features are seen as timing effects
specifically intended to enhance the musical effect. These
intentional variations can be increased or diminished but
never totally removed. Thus the two elements of motor
programming coexist: timing profiles directly related to

simple execution and timing deviations for musically
enhancing effects.

In line with Shaffer’s evidence that the structural element
of timing is varied in performance, it 1is of course
essential to recognise that the structural elements of
dynamics, intonation and timbre as well as timing are
manipulated according to an individual’s performance
interpretation. When Apel (1972) examines the possible
determinants of musical expression, he suggests that it is
the musical structure which is the principal underscoring
element of the player’s modelling of a composition. However
to know that structural elements are manipulated does not
verify that it is the structure of the music itself which
creates either an expressive moment within a performance or
an expressive whole. For instance, Nakamura (1987)
demonstrates that different performances contain different
quantities of dynamic variation which are consciously used
and recognised by performers as expressive devices.
However, Nakamura’s study does not show any specific
relationship between musical structure and the dynamic
profile that he records. Todd (1985) proposes a generative
model to explain how, in timing modification, slowing
occurs at significant structural moments in the piece - for

S



example, the phrase boundary and final cadence points. For
Todd, an answer to the question of what elicits expressive

production of timing is that there is some specific rule
relating harmonic structure to rubato in performance.

Studies by Sloboda (1983) have shown that 1in the
performance of the same musical phrases, performers show
significant agreement in the position, nature and direction
of expressive timing variation. From a study in which
performers were asked to play the same sequence of pitches
in two different metres, it is apparent that some of the
timing variation is related to the performers’ production
of a performance which emphasises the metre. Indeed in each
performance of the two metres, note extensions occurred
principally at bar and half bar levels. Thus Sloboda’s work
again suggests a link between structure and expression.

All the above mentioned empirical enquiries provide a
valuable discourse on the nature of what might be defined
as the ways in which expression is produced. However, this
entire spectrum of work pays little attention to the vital
issue of how these elements are detected and used by the
perceiver: are they the details which are picked up by the
audience? It is evident that without knowledge of what is
detected, any investigation of the individual’s performance
is incomplete, for performance is clearly a communication
between performer and audience. Therefore, how are the
perceiver’s sensibilities affected? Arguments about what
causes an interpretation to be unique to the performer seem
senseless without some knowledge of whether the manipulated
components of the performance are detectable by the
_audience and sonme knowledge of what these modifications are
detected to be. Sloboda’s (1983) study does pay some regard
to what the audience detects and indicates that the metre
of a piece is evident to the audience from the expressive
stresses placed by the performer on the initial beat and
half bar beat. This suggests therefore that expressive

devices make the musical purpose clearer - in this case the
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metre. Nakamura (1987) also examined the perceiver’s
abilities to detect produced modifications, and, his study
illustrates that listeners detect dynamic modifications in

a performance as explicit performer intentions of emotional
effect. In addition to these studies,.  Clarke (1989) has

revealed that listeners are able to perceive timing
extensions as small as 20ms to notes with between 100-400ms
duration. He also shows that tonal and atonal melodies

elicit slightly different judgements: an altered atonal
tune is easier to detect than an altered tonal tune; whilst
an unaltered tonal tune 1is easier to detect than an

unaltered atonal tune. Clarke proposes that an unaltered
tonal performances may be easier to identify because the
pattern of rubato fits the structure of the melody and
forms a strongly unified and perceptually stable time/pitch
organization. Thus as a consequence, the timing changes in
the altered tonal melodies become difficult to detect
because they tend to become assimilated into the stable
perceptual organisation of the neutral melody and its
timing organisation. For the atonal piece Clarke suggests

(1989: 8) that the pattern of rubato is arbitrarily related
to the melody and thus produces a less stable perceptual

event. As a consequence of less perceptual stability, when
the atonal melody is altered the isolated changes are
relatively more conspicuous. Clarke also discovered that
the perceptual effect of the extended notes is dependent on
note position. Indeed, he remarks that the first timing

change (only four notes into the melody) is not easily
detected. Thus he concludes that perceivers need to be

exposed to the temporal structure for a little more than
four notes before they can discern a timing change from the
overall rhythm. Therefore Clarke is able to conclude that

not only are details of performance expression perceptually
available, but that there is a 1link between certain
perceptual effects and features of the musical structure.

The value of the perceptual study is, therefore, that by
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finding out what features of the music can be detected, a
basis from which an understanding of the communicative
function of expression can be established. However, despite
the importance of such studies, the work developed by
Clarke, Sloboda, Nakamura and others forms only a small
part of the current research into music, and questions
about the extent of the perceptual impact of those elements
which production studies have identified remain largely
unanswered. All the research discussed so far has focused
entirely on the sounds detected in performance, whilst
there 1s a good deal of anecdotal evidence that visual
information provides important information about individual
interpretation. For instance, again in Balliot’s L’Art du

violon, the author suggests that different tempi should
naturally produce different types of physical execution.
Indeed, Balliot remarks that the Adagio tempo results in
"more ample movements" than the Allegro where notes are
"tossed off", whereas in Presto there is "great physical
abandon". Although these points illustrate that movements
are essential in production, it is also important to note
that live music performance is a social communication,
which 1like any' other human encounter, presents the
perceiver’s visual system with information. Indeed, as
perceptual verification of this, Schumann’s description of
the performances given by Liszt reveals how effective this

transmission of expression to the audience through body
movement can be. Schumann reports of Liszt’s performance:

"within a few seconds tenderness, boldness,
exquisiteness, wildness succeed one another;
the instrument glows and flashes under the
master’s hands... he must be heard and seen; for if
Liszt played behind a screen, a great deal of poetry
would be lost" (An excerpt taken from R,
Schumann’s On Music and Musicians quoted in
Morgenstern 1956: 155).

Of course, Liszt’s performances did not suit everyone’s
musical taste: Glinka (an excerpt taken from 0. Fouque’s
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Glinka, d'apfgs ses mémoires et sa correspondances quoted
in Morgenstern, 1956: 129) referred to him as the

nexaggerator of nuance". However, whatever the evaluation

of Liszt’s style, this example serves to illustrate that
body movement provides valuable information about his state
of mind and his involvement with the music. The

illustration of Liszt in figure 1.1 shows that flourishes

of the body are evidently intended to have meaning and
communicative force for the audience. Although nowadays
there is a diminished enthusiasm for this kind of extrovert
performance, professional performers nonetheless talk about
"projecting" the performance through the body: Baker (1982)
claims that a performer can only communicate to the

audience if she is prepared to allow the sounds to live and
breathe through the body.

Thus it seems that there is a rich source of perceptual

information contained in body movements. There are,
however, wvirtually no precedents for an empirical
investigation of this aspect of music performance. The
fundamental concern of this thesis, therefore, is to
explore the perceptual information contained in the visual
appearance - that is to say the performer’s body movements
- of music performances. The particular area of interest is
to examine whether a variety of explicit performance
interpretations can be distinguished in movement and, if
identifiable, to determine what particular features of the
movement go towards making each interpretation “look"
different. What makes different performance interpretations
of the same piece particularly interesting is that whilst
it is clearly necessary for the performer to obey the
instructions of a score, the performer is also expected to
have a particular approach to the piece and therefore the
presentation of the music. Thus it should be possible to

discover what visually distinguishes the different styles
of different interpretations.



Liszt appears in his cassock.
Haughty smile, Hurricane of
applause.

Firstchords. Turns around to
force the audience to pay
attention.

" Closes his eyes and appears
to be playing only for
himself.

Pianissimo. St Francis of
Assisi converses with the
birds. His face is radiant.

Hamlet's self-questioning.
Faust’s torment. The keys
exhale sighs.

Reminiscences: Chopin,
George Sand, beautitul
youth, fragrances, moon-
beams, love.

Dante: the Inferno; the
damned and the piano

' tremble. Feverish agitation.
The hurricane breaks down
the gates of Hell. - Boom!

He has only played for us -
while trifling with us.
Applause, shouts and
hurrahs! -

Figure 1.1: Caricatures of Liszt’s performances by Janko

(reproduced in Sachs, 1982) taken from Borsszem Janko,
1873.

One issue in the study of complex skill is the principle of
economy. Focusing on a comparatively simple motor task,
Welford (1968) showed that as practice is increased and

motor plans are established, sO the 1level of the
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performance becomes more consistent. This suggests that
movement accuracy increases with practice. Indeed with
practice, the execution time of an activity from first
attempt to high-level practice falls exponentially until it
reaches an "incompressible minimum". This suggests that
there is conservation of energy expenditure, with movements
being reduced to only those required to execute the task.
In other words, tfme skilled practitioner produces the
necessary movements in the most economical manner. Turning
back to music performance, the photographed performer shown
in figure 1.2 illustrates that for the most part in his
piano performance the hands are active around the keyboard
,area, presumably occupied simply with playing, the correct
notes. However, there is a range of movementsrwhich depart
from the keyboard and that seem far in excess of any
technical motor programming requirement. These movements
with their curved traces appear to have a relationship with
the notion of achieving "flow and grace" - the words used

by Balliot to describe the types of actions which affect
the performer’s sensibilities.

Thus, besides mechanical accuracy in the achievement of the
pitches and note sequences of a composition, it appears
that there may be some other movement component in the
creation of a performance. Perhaps it is these components
that are 1n excess of note execution which create
differences between different interpretations of the same
music. |

Empirically, there is evidence in the general literature on
social behaviour that all physical actions reveal important
information to the onlooker. Leach (1976) provides the
example of the involuntary biological activity of breathing
to demonstrate that it is this motion of the body during a
breathing cycle which informs the onlooker that a person
under observation is alive. If the breathing includes large

shoulder heaves the observer can make the additional
judgement that the person is having difficulty in

11



Figure }.2: The hand movements of a concert planist traced
using light sensors (taken from Miller, 1978: 329).
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breathing. McArthur and Baron (1983) propose that all
humans have the potential to make quite complex social

judgements from this kind of information. For instance,

they discuss how it is a visual 3judgement which the

observer depends on when choosing who to walk up to and ask
directions from.

In music performance there is of course an intimate link
between sound and movement: the player has an idea about
how the music should sound and then finds a way of
expressing it through the body. However this 1link has
tended to lead to the equation of movement with note
production, and performance perception exclusively with
sound. 1Indeed, Shaffer’s (1980) reference to the
mechanistic speech of people who become deaf shows that a
lack of aural feedback curtails the expressive potential of
the speaker and provides a good example of the importance
of sound perception in order to monitor and maintain
expression in sound production. However, work by Clynes

(1980) and Clynes and Nettheim (1982) has suggested an
equivalence between movements and sounds in” their

conveyance of sentic form (characteristic -dynamic
expressive forms of specific emotional qualities). Using
seven different hand movements which Clynes and Nettheim

(1982) considered to be analogous to seven emotional
qualities (anger, hate, grief, 1love, sex, joy, and
reverence) as the visual stimuli, they discovered that
Australian and American observers with European heritages

and Aboriginals 1living in the Australian bush could
identify the movements with the appropriate emotional
qualities, sSimilarly, single musical sounds which were
given amplitude profiles similar to those of the hand
movement patterns were identified as containing the same
emotional qualities as the pressure movement from which the
sound was derived. Thus, there is some indication that
movement contains information of the same expressive type
as sound. However, whilst Clynes and Nettheim’s work is
interesting, the foundations of these studies are highly

13



speculative, and there has been very 1little proper
empirical validation of their ideas.

1.3 THE ARGUMENT FOR AN ECOLOGICAL APPROACH .

The overriding absence of previous work which tackles the
issues of the expressive nature of performance movements
has the consequence that there are no established methods
for researching the question. The closest equivalent work
can be found in the innovative empirical methods of
Johansson (1973) and subsequent studies by Cutting and
Kozlowski (1977), Kozlowski and Cutting (1977), Cutting,
Proffitt and Kozlowski (1978), Barclay, Cutting and
Kozlowskl (1978), Cutting and Proffitt (1981), Runeson and
Frykholm (1983), Frykholm (1983a, b & c), Runeson (1984),
Bassilli (1978), Scully (1986), van Wieringen, Boon and
Gerritsen (1987), all of whom have investigated the
perception of human bodily activities ranging from simple
walking and lifting to much more complex activities like
gymnastic performance for which judgements about the
separate technical and artistic interpretation elements of
the performances have been examined. These studies and
their methods will be discussed in chapter two. The general
theoretical framework for them - the "ecological approach"
- was originally developed by James Gibson (1966a, 1979)
and it is to Gibson’s work that our attention must now
turn.

Gibson’s central theoretical proposal is that information
is directly available to the perceiver. That is, perception
constitutes some kind of awareness of what is specified in
the environment without recourse to a series of
constructive stages. Although Gibson argued a case for the
direct availability of information in all the senses, his
own empirical work and theory focused mainly on vision.

In essence, his approach to vision recognises that light is
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structured and therefore carries information which 1is
meaningful. The theoretical point of departure is that
radiant light from sources like the sun is reflected from
the surfaces of the environment and is structured by then.

The structure of this ambient optic array is uniquely

specific to its source, and is therefore informative about
the source - see figure 1.3.

Informational structure specific to the unchanging

properties of the . environment 1is invariant under

transformations of the optic array and is thus revealed by
the transformations:

"Continuous optical transformations can yield
two kinds of perception at the same time, one
of change and one of non-change. The
perspective transformation of a rectangle,
Ior example, was always perceived as
something rotating and -something
rectangular. This suggests that the
transformatlon, as such, 1is one kind of
stimulus information for motJ.on and that the
invariants under transformation are another
kind of stimulus information, - for the
constant properties of object ... The
perception of an object does not depend on a
series of percepts, each one an image of the
object, that is, perceptions of its forms or
perspectives over time. Object perception
does not depend on form-perception but on
invariant detection. And these invariants are

"formless", that 1is to say, they are not
themselves forms" (Gibson, 1973: 43).

However, the perceiver’s capacity to detect that
information is not treated as innate. As Gibson states:

"The perceptual capacities of the newborn,
animal or human, for getting information
becomes a matter for investigation. The
relative proportions of the unlearned and the
learned in perception might be expected to
depend on the degree of maturity of the
infant at birth, which in turn depends on his
species and on the kind of environment the
young of hls species have been confronted
with during evolution" (Gibson, 1966a: 267).
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Figure 1.3 The ambient optic array and its change brought
about by a locomotor movement of the observer.. The thin
solid lines indicate the ambient optic array for the seated
observer, and the thin dashed lines the altered optic array
after standing up and moving forward. The difference
between the two arrays 1is specific to the difference
between the points of observation, that is,.  to the path of
locomotion. Note that the whole ambient array is changed,
including the portion behind the head. And note that what

was previously hidden becomes visible.(Taken from Gibson,
1979: 72.)
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This need to "investigate" for 1learning to occur is
achieved by "seeking-out" with movements of the eyes, head

and often the whole body, and responding to the
transformations of the environment. As Gibson summarises:

"Perception 1is active not passive. It is
exploratory, not merely receptive ...
Exploratory movements of the eyes, and even
locomotor exploration in surroundings may all

be thought of as a search for more
information" (Gibson, 1958: 43).

Gibson coined the term "ecological' to emphasize the belief
that only a synthesis of the physical, physiological, and
evolutionary selective forces on the senses (cf. Reed,
1988: 207) brings about perception. For all empirical
studies, such an approach means developing experiments
which preserve as many features of the individual’s natural
behaviour as possible. This is what is meant by the
"ecological validity" of an experiment.

Although Gibson’s approach enjoys increasing support, the
central thesis has promoted much debate. Theoretical
discourse 1is essential to the scientific dialectic, but
Gibson’s 1deas have been attacked on account of their
radical opposition to the majority approach to perception
which is commonly termed "“information processing". Gibson
(cf. Reed, 1988: 223, who refers to notes by Gibson [1965]
held in the J.J. Gibson Archives, Cornell "University)

treats this majority opinion as a misconception and shows
a keen interest in presenting his ideas to people who have
not invested an interest in the study of psychology at a
Professional level. In brief, the professional formation
for psychologists holds that information is processed for
perception through the reception of myriad components of
light intensities at the retina which produce meaning only
if they advance through a number of stages in which
progressively more global and complex patterns of the
visual scene are constructed ‘' by the perceiver. This
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approach demands that in empirical studies the investigator
looks at relatively isolated details of complex activities

in order to determine which light patterns occur at which
point in time and at which part of the retina. The approach
assumes that the complex behaviour 1is composed of
assemblages of easily distinguishable simple operations.
Gibson believes that this ignores the ways 1in which

structures or behaviours are perceived as meaningful wholes
or configurations.

An example of this "information processing" approach 1is
found in the work of- Gregory (1970, 1973, 1974) who
proposes that information is processed by the perceiver
through mental representation which in turn depends on a
store-like memory which is necessary for meaning to be
achieved. The ambiguity of information contained in visual
illusions is at the core of Gregory’s work, and it is from
the knowledge that illusions are successful that Gregory
maintains that there is only sensation at the retina. In
the case of illusions, the sensations on the retina are
interpreted by some higher 1level process as providing
evidence for the illusory object, and this principle is
generalised to form the basis for non-illusory perception.
However, there are several basic problems with these
proposals which require attention. Firstly, as Rogers
(1985) argues, visual illusions are exceptions, not the
perceptions of common experience, and therefore constitute
strange examples upon which to base a theory of everyday
perception. Secondly, although Gregory proposes that the
mind is active in processing the light stimuli so as to
construct meaning, it is apparent that in the experiments
from which Gregory’s theory 1is derived, the person
receiving a range of light intensities at the eye is
passive, rather 1like an onlooker or spectator who is
isolated from the events. Common experience informs to the
contrary: people usually move around objects in the world

in such a way that their properties can be explored, not
simply received.
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Gregory’s view that visual ©perception starts with
unstructured primitive sensations 1is contradicted by

significant evidence of a neurophysiological kind. It has
been shown, for instance, that certain retinal cells are

responsive to quite complex features of the visual

environment. For instance, Barlow (1953) demonstrated that
in the frog’s eye: |

... one finds one particular type of
gangllon cell which 1is most effectlvely

driven by somethlng like a black disc ...
this causes a vigorous dlscharge ... 1f the

[light] stimulus which is optimal for this
class of cells 1is presented to frogs, the

behavioral response is often dramatlc, they
turn towards the disc [WbJ.Ch is located
somewhere 1in the field of VJ.SJ.OH] and make
repeated feeding responses conszstlng of a

jump and a snap. The selectivity of the
retinal neurons and the frog’s reaction when

they are selectively stimulated suggest that
they are "bug detectors" [the black disc

belng the experimenter’s approximation of an
insect]” (Barlow, 1953: 73) .

Here the claim is evidently that light 1nformat10n produces
a direct response, not a sensation from which a meanlng is
constructed. The proposal that there are complex feature
detectors 1s, however, préblematic. Indeed, Frisby (1979)
points oué that we cannot be sure that there is not some

kind of primitive processing of the kind Gregory describes
fgoing on between the rods and cones of the retina and the
ganglion cell which fires. A second problem is the
difficulty one has in trying to relate neurophysiological
function with expefience. Gordon (1989) has focused on this

point using the analogy between the experience of colour
and the experience of pain:

"... colour 1is, amongst other thlngs an
experience; a pain is not only activity in
certain sorts of neuron, it hurts. But
"redness" and "hurting” are part .of our
conscious lives. How much we hurt depends on
... Other events and experiences which have
taken place in the external world...A full
description of colour and pain must surely
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take this into account if the true nature of

what perception entails is to be identified"
(Gordon, 1989: 117).

One theoretical approach which attempts to relate
neurophysiological function with the real world is that of
Marr (1982). This work uses computer modelling to represent
algorithmically cell functions through several staged

processes which range from the recovery of edges through
light intensity changes to a final memory store which
permits the labelling of the object or event in view. As a
bottom-up theory, a procession of representations is formed
so that the features of the object or event can be defined
in order to achieve recognition of the detected object.
Maffei and Fiorentini (1977) provide evidence to suggest

that Marr’s modelling may be equivalent to neurological
function. Maffei and Fiorentini show that retinal ganglion

cells have different spatial frequency sensitivities, with
the highest spatial frequency sensitivity cells occurring

in the layer of the striate cortex where the lateral nuclei
thalamus fibres terminate. The conclusion they draw from

this discovery is that the highest spatial frequency cells
provide the narrowest filters for the detection of 1light
gradient variation, whilst the ganglion cells in other
layers of the cortex make up the wider light filters. This
finding ties in with Marr and Hildreth’s (1980) algorithmic
demonstration that edge detection can be achieved by a
series of filtering operations. The large-scale gradient
intensity changes in the 1image and some small-scale

intensity changes are achieved algorithmically by placing
negative and positive values adjacently.

This work differs from Gregory’s view of visual information
in that the model does not operate to eliminate uncertainty
by means of filtering and decision making; Marr’s view of
vision 1is that the process of seeing is organised in
successive stages. However, despite the apparent appeal of
Marr’s work, he fails to account for features of common

experience such as the interactive animal/environment
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mutuality (Turvey, 1977b). Indeed, 1in Marr’s work the
retinal image with an accompanying series of static
snapshots held in a short term memory representation known
as the 2 1/2 D sketch, prevents any continuous flow of
information from the environment to the animal. A
computational alternative is found in Clocksin’s (1980)
work. In this work there is no "memory store”, and it shows
how the local slant of surfaces 1is recovered relative to
the moving observer. Edges that form the boundaries of
surfaces are detected and discriminated between by the use

of a continually moving spherical coordinate  mathematical
formalisation. Whilst Clocksin’s model provides a

computational alternative to Marr’s work, along with Marr’s
work it demonstrates that there are many computational
pathways towards achieving the same functional ends. Bruce
and Green (1985: 330-331) state that these variations may
have little relationship with real human function. Dreyfus
and Dreyfus (1987) pick up this point when they take all

information processing advocates to task for their claim
that mental processes are a constructed series of rule-

based stimulus constraints. Support for their opposition
comes in their discussion of the so called "thinking"
computers and their poor abilities to 'perform 1in
competitions against humans. They use Arthur Samuels’
checker-player program as a case in point. Samuels tried to
program heuristic rules of checker masters 1into the
computer, so that the computer would not have to calculate
all the <chains of ©possible moves - particularly
uncharacteristic of human playing strategy. He found that
the program was capable of beating amateurs, but not
professionals. Although Samuels continued to bring in
professionals for details of their heuristics, he feared
that he was reaching "the point of diminishing returns®

(Dreyfus and Dreyfus, 1987: 22, citing Samuels from details
of a Stanford University News Office interview, 1983). He

concluded that master checker players were poor at
recollecting their own heuristics. Dreyfus and Dreyfus
(1987) argue, however, that the only conclusion to draw
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from Samuels’s work is that skill acquisition does not in
fact build up from specific cases to more and more abstract
and sophisticated ones; rather, with rule knowledge and
experience, creativity and daring become possible, and with

such creativity comes plaving strateqy which involves rule
bending. In sum, through the experience of playing, the

human constantly learns and restructures his own knowledge.
As Feigenbaum and McCorduck (1983: 84-85 In: Dreyfus and
Dreyfus, 1987: 30) suggest:

"A human expert solves problems, all right,
but he also explains _the results, he
learns...Part of learning to be an expert 1is
to understand not merely the letter of ¢the

rule but its spirit..he knows when to break
the rules, he understands what is relevant to

his task and what isn’t...Expert systems do
not understand these things."

Thus, their argument would suggest that Marr’s approach is
incorrect not only because it does not really examine human
function, but also because the theory itself is the wrong
way to conceive a definition of perception. Using -the
example of Chomsky’s. (1972) work in linguistics, Mace
(1977) shows that by initially aiming to specify the
accomplishments of the language system, and then by
gradually limiting the class of plausible mechanisms for
perception to those that satisfy the job description, an
account can be based in. what the system (in this case
language) does. This starting point seems more plausible
for it is clearly based in common experience. Such an
approach is of course the launch pad for Gibson. However,
prior to assessing the merits of Gibson’s theory in detail,
it is first essential to cast more light on why it is that

the majority of investigations have been carried out within
the framework of information processing theories.
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1.4 THE INFORMATION PROCESSING VIEW

As far back as Al Hasan’s tenth century discourse on the

eye, investigators producing theories of vision based their
beliefs on the notion of an image at the retina. By 1604
this notion was discussed by Kepler in terms of a camera

obscura. In brief, 1light radiated from any opaque
reflectant surface was supposed to be carried to the pupil
as thousands of single divergent rays. Once in the pupil,
these divergent rays were to converge on the retina, thus
creating a dense set of focus points to constitute an
inverted retinal image (see figure 1.4).

—

Evidently such an image brings complexities of
interpretation: the world is solid, mobile and meaningful,
vet images produced by cameras are flat, upside-down, and
as a result, hard to interpret. The aim of the
investigator, therefore,kis to find a description of how
meaning is attained from a two-dimensional retinal image.
This reduction from the three-dimensions of the real world
to the two-dimensions of the retinal image is symptomatic
of the deepest difficulty of image-based theory. Reed
(1982) argues that it was the Cartesian framework which
provided an 1interpretation of the two-dimensional image
that was to dominate much subsequent investigation. 1In
brief, Descartes proposed that all existing thoughts were
motions of the brain, and thus all awareness was awareness
of brain states. Corporeality has its role, but it is a
role of pure sensation. That is, mind and body are separate
and perception consists of one-to-one correspondences
between sensations and mental constructions. This
constructivist view is highly problematic for it fails to
capture the value and function of objects in the real
world. Pastore (1971) demonstrates that by Berkeley’s 1709
publication of his essay Towards a New Theory of Vision,
such one-to-one correspondence was treated as an axiom

rather than a possible explanation of visual perception.
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Figure 1.4: The camera obscura view of the image at the

‘etina. (This diagram is based on Voltaire’s work of 1738
1d is taken from Pastore, 1971: 91.) |
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Drawing on Mill’s writings of 1842 Pastore shows that
Berkeley’s proposal: |

", ..remained, almost from its first

promulgation, one of the least disputed
doctrines in- the most disputed and most:

disputable of all sciences" (cf. Mill 1842,
in Pastore, 1971: 72).

However, the point of particular worth is Mill’s additional
comment that :

" ..this 1s the more remarkable, as no
doctrine 1in mental philosophy 1is more at
variance or more contradictory to the natural
prejudices of mankind". (ibid).

Mill recogﬁised that unquestioned support for any theory is
problematic for it can seriously impair scientific critique
and response in theory formation. Ironically, though, Mill

chose to ignore the shortcomings of such blind acceptance,
for he too followed the Cartesian thread.

Gibson’s ecological abproach.chéllengesthe assumptibns of
a sensation/perception divide.

It is possible to argue that Gibson’s own inspirers
(Brunswik, William James, his teacher Holt and the
Gestaltists) failed to achieve theoretical success because:

they could not find an appropriate theoretical framework
(cf Gibson’s own views 1979: 140) which would eliminate the
need for sensation and perception to be treated as separate
features. For instance, the Gestaltists’ basic innovation -
the Gestalt (the whole process or configuration) - which

relied on innately operating principles of organization was
ultimately rendered void since the Gestaltists persisted in

the belief that there was an impoverished input to the
visual perception system: | |

",..our vision of any object is a mosaic of
stimulation like that of the photographic
plate...How can rich effects arise out of
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such poor causes, for clearly the dimensions:
of our environmental fields are far more
numerous than those of the mosaic of the

stimulation" (Koffka, 1935, in Michaels and
Carello, 1981: 3).

It is essential to note that Gibson’s approach is of course
not simply a counterbalance to the dominance of the
Cartesian doctrine.. Indeed, it is possible to see that
Gibson’s approach had something of 1its own ecological
development: that 1is, 1t arose out of a need for a
different explanation of perception which Gibson moved
towards through the influences of past research and his own
development as a theoretician. In Reed’s text of 1988 this
image is clear: Gibson was a man who spent his life working
through ideas at every opportunity - in seminars, with
friends and around the family breakfast table. Descriptions
of how Gibson never once wrote an academic publication
without revising much of its content in a subsequent paper
certainly reveal a person intent on getting his ideas

together with great care, and highlight the fact that
Gibson did not view any of his work as a final formulation:
his theoretical developments were all part of a far larger
continuum of ideas and understandings.

1.5 THE MAIN PROPOSALS OF GIBSON’S THEORY.

This section presents the main features of Gibson’s theory
that will be made use of in this thesis. The order in which

the features appear 1is not intended to 1imply any

psychological sequence of processes or priority within
Gibson’s theory.

l1.5.1 THE AMBIENT OPTIC ARRAY

In essence, the ambient optic array is the structured light
which reaches the eye: radiant light is reflected from

objects in the environment and therefore as the light
reaches the eye it is already structured by the objects.
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The ambient 1light does not so much carry as contain

information, thus it provides a continuous flow of stimulus
energy.

As already discussed (section 1.3), this is the starting
point for Gibson’s theory, for it emphasises the idea that
with structured information in the ambient optic array, the

perceiver and the perceived are complementary."

l.5.2 DIRECT PERCEPTION

Hand in hand with the notion of information reaching the
eye 1s 'the belief that the perceiver seeks out the
persistent and changing features of the optic array through
active exploration with either whole body movements to
alter the looking position, or simply with eye movements.
This activity-based way of getting to the information is
considered to be direct in that the perceiver does not have
to construct any kind of awareness of the world, she

detects the structured information: there is an awareness

of what 1is specified in a whole perceptual system. As
Gibson states, direct perception is:

"...the activity of getting information from
the ambient optic array..this is a process of
information pickup that involves the
exploratory activity of looking around,
getting around and looking at things. It is

quite different from the supposed activity of

getting information from the inputs of the
optic nerves" (Gibson, 1979: 147).

Thus, to see a thing, a place, an event, an animal, or a
person is to be in touch with it: it is an "immediate
acquaintance" (Gibson, 1960) with the world. As a student,

Gibson made some notes which encapsulate the essence of
direct perception:

"If being is perceiving...or if perceiving is
being...why has it not occurred to anyone
that the equation is really an identity? That
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is, being = perceiving. The difference is
merely one of words" (Gibson, 1930, In: Reed,

1988:52, taken from the Gibson Archives at
Cornell University).

By proposing that there are perceptual systems to detect
information, Gibson does not reject the idea that

representations exist; rather, he proposes that
representations are mediators of non-environmental
information. For instance, Gibson notes (1980: xiii In:
Reed, 1988: 307) that humans have developed gestures and
vocalisations which are specific to specific groups and
particular circumstances. Meaning can only be achieved with
some knowledge of the representational code - an example of
indirect  perception. . However, Gibson  shows that
representations are inextricably bound up in  direct
perception. For one thing, he points out that social codes
have ecological origins; thus for perception, there is a
fusion of mediated and direct apprehension because social
and historical.factors are only part of the human awareness

of the gesture or the language. In fact, Gibson shows that
direct perception is primary:

"PerceJ.VJ.ng helps- talk.lng, and talking fixes
the gains of perceiving. It is true that the
adult who talks to a child can educate his
attention to certain differences rather than
others. It 1s true that when a child talks to
himself he may enhance the tuning of his
perception to certain differences rather than

others. The range of possible discriminations
is inevitable. But this does not imply that

the verbal fixing of information distorts the.
perception of the world...The observer can

always observe more properties than he can
describe" (Gibson 1966a: 282).

Integral to the concept of dlrect perceptlon is, of course,
the issue of how the structured information gets picked-up.

"Resonance" is the term which has been the most debated in
this regard.
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Gibson (1966a) used the metaphor of a radio -which
nresonates" to the correct frequency of a radio station to
describe the perceiver who Gibson believed has an ability
to "tune" into the information in the structured 1light.
This was a two-sentence statement (cf 1966a: 271) in which
Gibson also pointed out that the metaphor was not totally
satisfactory because: "there would have to be a little man
to twiddle the knobs". In perceptual terms this would mean
some sort of mediation between the light information on the
retina and cognition, the operation therefore being
indirect. However, Gibson pointed out that the human

perceiver is a self-tuning system, leading to the issue of
what it is that makes the perceiver tune into the correct
information. More insight into this question can be found
on the very same page as the 1966a resonance refereﬁce.
Discussing Woodworth’s work (1947) on "reinforcing", Gibson
states that perceptual systems "hunt" until they achieve

clarity: the clarity itself being of perceptual value. In
accordance with Woodworth’s proposal, the process of

hunting occurs at two levels: i) the pickup of information
wreinforces" the exploratory adjustments of the organs that
make it possible; and ii) the registering of information
"reinforces" whatever neural activity is going on in the
brain (Gibson, 1966a: 271). This is, therefore, the essence
of how Gibson believes the system picks up information.

A s{:udy which has both supported the notion of direct
pickup and the principle of resonance is Runeson’s (1977)
work on a "smart perceptual mechanism":- the polar arm
planimeter (see figure 1.5 for an illustration of the
planimeter). Runeson shows how this device it 1is able to
capture all the characteristics of complex variables of any
plane figure, irrespective of shape, simply by tracing the
boundary line of a plane figure using an index with a
measuring wheel rotating at an angle which is directly
proportional to the area of the figure: the proportion of
the angle of the measuring wheel permits resonance between
the measuring mechanism (the index arm) and the shape being
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measured. As the perimeter is traced, the measurement of
area emerges. Thus, the information is directly available
as there is no need to know differences between lengths and
sides in order to calculate the area. What makes the

example particularly appealing is the fact that it does not

perform well at all in measuring lower level properties
like length. ‘
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Figure 1.5: The Polar Arm Planimeter, as illustrated by
Runeson (1977: 173).

As Michaels and Carello (1981: 67) suggest, it strengthens
the case for direct perception to discover that the
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detection of high-order properties does not need to entail
detecting lower-order properties as well. Like the radio,:
it is the mechanism itself which is constructed to detect
the information, and it is the mechanism which has the
potential to "resonate" with the information with which it
is dealing. Like the radio, as Cutting (1982) notes, the
planimeter ultimately falls short as a metaphor, for it too
depends on the meter dial which needs to be calibrated and
read before the area can be known. However, the evidence of
the planimeter’s abilities is appealing, not least because
it illustrates that this mechanism arrives at complex
measurements in a simple and direct manner. As Runeson
(1977: 174) points out, 1t seems unlikely in both
biological systems and human artefacts that something would

be designed to be more complex and cumbersome than
necessary.

1.5.3 INVARIANTS AND TRANSFORMATIONS

It has already been mentioned (see section 1.3) that a
sample of the optic array from a single point provides a
unique view of an environmental layout. Within this layout,
there are many occlusion relationships between objects in
the environment, so that some parts are hidden by others.
However, as soon as the perceiver moves (eye movements or
locomotion), the occlusions, and therefore the

perspectives, change. Gilbson states that invariant
structure is whatever optical pattern persists despite the
changes of perspective and the changes are what Gibson
calls the transformations. Gibson (1966b) refers to the
French folk wisdom, La plus ga change, la plus c’est la
méme chose to characterise the meaning of the invariant and
the transformation, for it describes how, by actively
looking, the persistent features remain. As Gibson (1966Db)
stresses: "something becomes different but it is not
converted into something else" (quoted In: Reed and Jones,
1982: 178). A clear illustration of Gibson’s ideas is found

in his discussion of how a tabletop is detected. The
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discussion is significant for it also highlights the
contrast between Gibson’s and the information processing
view (1979: 74):

nConsider, for example, the age old question
of how a rectanqgular surface like a tabletop

can be given sight when presumably all that
the eye can see 1is a large number of forms
that are trapeziods and only one form that is
rectangular, that one being seen only when
the eye is positioned on a line perpendicular
to the centre of the surface. The question
has never been answered, but 1t can be
reformulated to ask, What are the invariants:
underlying the transforming perspectives in
the array from the tabletop? What specifies
the shape of this rigid surface as projected
to a moving point of observation? Although
the changing angles and proportions of the
set of trapezoidal projections are a fact,
the unchanging relations among the four
angles and the invariant proportions over the
set are another fact, equally important, and .

they uniquely specify the rectangular surface
... We tend to think of each member of the

set - of trapezoidal projections from a
rectanqular object as being a form in space.

A change 1is then a transition from one form
to another, a transformation. But this habit

of thought is misleading. Optical change 1is
not a transition from one form to another but

a reversible process. The superficial form
becomes different, but the underlying form

remains the same. The structure changes in
some respects and does not change in others.

More exactly, it 1is variant in some respects
and invariant in others."

In empirical work, Gibson has provided natural
environmental examples to show the viability of this
concept. For instance, Purdy and Gibson (1955) placed
markers in a level grass field up to 350 yards away from
observers and then, with the use of mobile markers, got
observers to bisect the distance between their feet and the
markers in the field. The results showed that all the
observers could bisect the distance with accuracy. The
conclusion Purdy and Gibson drew was that the observers

were detecting the amount of grass texture in the visual
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angle between the marker and themselves, and they proposed
that for the equal amounts of texture there are equal
amounts of terrain, and thus, an invariant relation. In
additional work (1979: 162 - a discussion -of his

experiments and their aims) Gibson argqgued that the
terrestrial horizon is invariant in two ways: it never

moves irrespective of the point of observation; and it is
the point to which all other motions have reference.
Sedgwick (1973) provided the first major work to identify
a specific invariant optic array relation between the
horizon and all objects on the ground plane. Indeed,
Sedgwick showed that there is a "horizon.ratio relation",
that is, all terrestrial objects of the same height are cut
by the horizon in the same ratio, no matter what the
angular size of the object might be (Gibson, 1979: 164).
For instance, (see figure 1.6) a row of telegraph poles 20

feet high viewed from a point five feet above the ground
will be intersected in the ratio 5/20 or 1/4 whatever the
poles’ distance from the observer (Rogers, 1985).

Whilst Gibson acknowledges Sedéwick's work, he points out

that it deals with only one possible type of invariant
(height relation) and as there must "be more complex
layouts, there must be more complex ratios (Gibson, 1979:
164) to be discovered. Implicit in Gibson’s view is the
idea that invariants are many and complex, .and in the

majority of cases, not easily identifiable. Indeed, whilst
Gibson (1979) defines four different kinds of visual
invariant (those that underlie changes of illumination;
those that underlie changes of points of observation; those
that underlie overlapping samples and finally, those that
underlie local disturbances of structure) he also carefully
points out that the specific invariants are "as yet
unknown". This is because the invariants are "formless" in
that they are not a pattern of stimulation, but rather a
higher-order property of the pattern of stimulation
(Gibson, 1979: 178). Gibson (1970) argues that to try to
find where this formless invariant lies is an irrelevancy:
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the most important feature of the invariant is that it
shows that there 1is a direct relationship between the
observer and the environment. Therefore, Gibson believes
that the enquirer must find a means of developing the

concept of the invariant rather than the possible location
of the invariant.

Figure 1.6 The horizon’s invariant height relation (Taken
from Rogers, 1985: 24).

34



Without doubt, invariants and transformations are useful
concepts in that they provide a solution to the problem
that although the stimulus information is altered by
movement and occlusion, what is specified remains constant.

The difficulty of getting at the invariant is perhaps given
an emphasls by researchers opposed to Gibson's ideas
(Ullman, 1980; Marr, 1982) because of a history of research

based on asking how somethlng must be the case, rather than
demonstrating that something i1s the case. |

1.5.4 AFFORDANCES

Gibson defines affordances as follows:f

"Roughly, the affordances of things are what
they furnish, for good or 1ill, that is, what
they afford the observer" (Gibson, 1979:
127).

Cutting (1982) views this concept as an ideological
master-stroke, for, in effect, to perceive an affordance 1is
to perceive meaning. This meaning is the "value-rich

ecology" of an object, or an environment and provides a
complimentarity with the perceiver. Gibson (1979: 127)

provides an example which clearly illustrates this
relationship:

"Tf a terrestrial surface 1s nearly
horizontal (instead of slanted), nearly flat
(instead of convex or concave), and
sufficiently extended (relative to the size
of the animal) and if its substance is rigid
(relative to the weight of the animal), then
the surface affords support. It is a surface
of support, and we can call it a substratum,
ground or Ifloor. It 1is stand-on-able,
permitting an uprlght posture for quadrupeds
and bipeds. It is therefore walk-on-able and

run-over-able. It is not sink-into-able like
a surface of water or a swamp, that is, not

for heavy terrestrial animals. Support for
water bugs is different."

!
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Therefore, each animal has its own niche in relation to
which the affordances from different events or objects are

established. Thus, for different species or individuals the
affordances of the same objects or events will differ.

Critics 1like Bruce and Green (1985) and Gordon (1989)
believe the concept to be appealing in principle, but
unconvincing upon examination. They view the concept to be
ultimately empty for beyond the notion that the object in
the environment offers up 1its "“demand character", there
does not seem to be any constraint on what constitutes that
character. The example Bruce and Green cite 1s that there
are thousands of possible uses for a piece of paper, and
they argue that there is nothing to assist the perceiver’s
decision about which of the thousands of possible meanings
the paper should afford. However, it seems that Bruce and
Green miss Gibson’s line of argument, for despite the fact
that paper has thousands of uses, equally, it does not have
a myriad of other uses. For instance, paper cannot be used
like a stone to chip or break. Also, they seem to ignore
Gibson’s explanation that the circumstances of the paper’s
presentation to the perceiver provide natural constraints

on what the paper may afford. Additionally, Gibson notes
that the perceiver’s own knowledge of paper and its uses -

the perceiver’s sensitivity or attunement to the object -
affects what the object may mean. (This latter point

accounts for why the same objects afford different
properties to different people.)

Gibson has said that "attunement" 1is dependent on
experience which 1is achieved by the ‘"education of
attention". In essence, to educate one’s attention is to

refine the ability to discriminate through practice (Gibson
and Gibson, 1955). An instance of this can be found in

Gibson and Gibson’s observation that people were able
to discriminate wines simply through repeated tasting:
there was no need for anyone to teach the subtle
differences between the flavours. This suggests that (in
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the case of vision):

"The progress of learning is from indefinite
to definite, not from sensation to

perception. We do not learn to have percepts,
but to differentiate them. It is in this

sense that we learn to see" (Gibson, 1950:
222) . - “

This means, as was pointed out in section 1.5.2, that

direct perception is the basis of extracting affordances
even in the cultural environment. Gibson’s opinion is

clear: the root of a culturally developed environment 1is
the natural environment which is modified to change what it

affords, but this is not artificial and distinct from the

natural environment: it is the same environment. As Gibson
(1966a) explains:

"The cultural environment...is often divided
into two parts, "material" and "non-material®
culture. This 1s a seriously misleading
distinction, for it seems to 1imply that
language, art, music, law and religion are
immaterial, insubstantial, or intangible,
whereas tools, shelters, clothes, vehicles,
and books are not. Symbols are taken to be
profoundly different from things. But let us
be clear on this. There have to be modes of
stimulation, or ways of conveying
information, for any individual to perceive
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