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Abstract

Recent accounts of visual object affordance suggest that evoked
representations for action serve to potentiate motor response
components (such as a specific hand) to respond to the most afforded
action (Tucker & Ellis, 1998). The present thesis aims to investigate
further this hypothesis, and to examine the underlying nature of
affordance-generated effects.

Using the stimulus-response compatibility (SRC) paradigm, a set
of eleven experiments investigate; a) the conditions under which the
effect of affordance may be generated, b) the nature of affordance in
terms of response specificity, c) the time course of affordance-based
effects.

Initial findings (Chapter 4) show that affordance, operating as a
constituent component of corresponding stimulus-response (S-R)
mappings, results in facilitation of performance, over non-corresponding
mappings, even when the affording object is unrelated to an imperative
task. Findings show that an object’s affordance does indeed influence
action. In addition, effects are shown to build over time. Chapter 5
investigates response specificity and concludes that affordance is
probably due to generation of a more abstract spatial code rather than

affordance for a specific limb. Chapters 6 and 7 provide evidence relating
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to attentional, spatial coding, and frame of reference effects that constrain
the investigation of affordance. Finally, experiments in Chapter 8 employ
a different method for testing for the effect of affordance on behaviour.
Using novel objects as primes, and involving a series of training and
testing, the results in Chapter 8 lend support for the idea that attention is
a major contributor in achieving correspondence effects through
affordance. In addition, results show that the end goal of an action
sequence is better afforded, than the means of arriving there.

The findings in this thesis consolidate previous evidence on the
role of affordance on action and provide new evidence in relation to the
nature of affordance and the conditions in which it can be measured

independently of potentially confounding factors.




Chapter 1

1. General Introduction



1.1. Background

The environment in which we function has become increasingly complex,
as have the tasks we now routinely perform. The potential load on
human cognitive systems has increased dramatically. It is not unusual for
many people to operate for long hours, highly complex computerised
electro-mechanical systems in situations where speed and accuracy may
be vital to lives or fortunes.

Cognitive systems that have taken eons to evolve in the natural
world are now under pressure from this ever-increasing complexity of
tasks and environments that come with modern technological and
industrialised existence. A real consequence of this increased complexity
is a higher potential for poor performance and error, accompanied by an
equally alarming increase in (potentially) disastrous consequences of that
poor performance and error.

In many ways, the effects of complex environments and repetitive
operations can be tackled through the improved design of operating
routines, methodology, and system interfaces; through better-designed
equipment and human-machine compatible environments. However,
these procedures may only serve to accommodate tasks that are even
more complex. The reality is that any modern industrialised and
technological environment is designed around maximising and even
stretching resources, one of these resources being the cognitive system

of the operator. It is when this cognitive system begins to be stressed that



insights can be gained into how certain perceptual mechanisms integrate
to produce useful and appropriate action within the environment.

In order for the cognitive system to operate efficiently in complex
environments, certain well-practised and routine tasks become
automatized and run, for the greater part, in the absence of conscious
control. For instance, the initially complex synchronicity required when
driving a car becomes quite easily automated with practice. This very
automaticity allows us to carry out complex tasks and operate within busy
environments. However, it is these well-practised and automated
behaviours that may be most susceptible to environmental triggers that
may guide or re-route action into automatic action sequences or
behaviours, other than those intended. The term environmental trigger is
used to describe the way that some aspect of the current environment
might serve to catalyse the activation of an associated action sequence,
albeit inappropriate to a current task. In most day to day situations, these
‘evoked’ action sequences will be inhibited where the action is
inappropriate, but when an automatic task, such as driving a car is in
progress, then automatic inhibition may be lessened or impaired,
influencing or even ‘hi-jacking’ current task behaviour.

The idea that the stimuli within the environment (essentially
objects) automatically evoke, within the observer, mental representations

for action (action related information), gains support from studies and



observations of both neuropsychologically impaired and normal
individuals. This evidence is reviewed in Chapter 2.

With respect to cognitive processes, the relationship between an
external stimulus and an appropriate response is of central importance.
This relationship has been extensively studied from the platform of the
stimulus-response compatibility (SRC) paradigm, more extensively
covered in Chapter 3 of this thesis. Traditionally, the SRC paradigm has
been used to investigate, under controlled laboratory conditions, the
effect of characteristics of the stimulus, such as its spatial location, on fast
and accurate generation of response to that stimulus. More recently,
investigations into SRC phenomena have been able to elucidate effects
of functional, as well as purely spatial aspects of the stimulus on
performance; that is, an object not only conveys physical information in
terms of what or where, but also information relating to its purpose or
function, and that these ‘functional’ elements of stimulus sets may be
evaluated in terms of S-R compatibility or correspondence, in much the
same manner as that of the more physical S-R attributes. These
functional characteristics of a stimulus, relating to an objects perceived
affordance, form the focus of this work. In summary, the general idea is
to employ the stimulus-response compatibility paradigm to investigate the
link between an object’s visual affordance, and the influence of this

affordance on current behaviour or goals.



1.2. Perception and Action
Co-ordinated and effective behaviour requires that we perceive and
assess the possibilities for action afforded by objects in the environment.
To speak of visual affordance is to accept that objects support, invite, or
evoke certain types of actions over others; in this sense, the appearance
of a handle affords its grasping. Objects and environments therefore,
may be seen as offering or affording action possibilities to the observer. It
then follows, that any object, situation, or environment will evoke different
measures of action possibility or affordance, dependant on the observer;
the degree of this affordance’ being dependant upon previously learned
associations and experiences with that environment, object, or such
similar. In the case of everyday objects, common, learned object-action
associations will inevitably exist. Therefore, it may be expected that
these everyday objects will evoke similarly common action
representations within a perceiver.

In general, two broad theoretical frameworks have been formed to
conceptualise this relationship between perception and action. On the
one hand is the ecological approach where perception-action is seen as

single psychological process, in the sense of a perception-action

1 Throughout the experiments in this thesis, the term affordance is used in the sense of
‘perceived’ affordance, inferring that an object has a causal effect on the action
representation system of a perceiver that reflects the objects’ best associated action;
that is, representation for the action for which an object was designed. This in contrast to
the more Gibsonian view in which a novel object may afford action through its more
physical attributes, for example, in the way that a log may afford a sitting down action.



feedback loop (e.g. Michaels & Stins, 1997), perception, informing action,
with the consequences of that action re-informing perception, ad infinitum.
On the other hand is the information processing perspective of

perception-action, which sees the act of perception in terms of the
processing of retinal images resulting in generation of representations of
a situation, environment, or object; and action as the result of generation
of excitatory representations to muscles. Behind this idea is the view that
these two processes can be understood or even analysed separately.

The following two sections briefly outline some of the main notions of
the ecological approach to perception-action, as well as some existing
evidence from neurologically normal adults. The information-processing
view will be reviewed in Chapter 3, in the context of the different

theoretical accounts of perception-action compatibility effects.

1.3. Ecological Approach to Perception-Action

The ecological approach to perception-action highlights the more global
environmental aspects of the stimulus and action system, positing that
facilitation of performance is dependant upon the constituent elements of
the whole action system, i.e. the organisation and co-coordinative aspects

of any potential or emerging action.

This distinction is made in order to simplify understanding of any experimental
manipulations relating to best action possibilities inherent within an object.



This ecological approach does not see perception as a passive
process, but one that actively seeks out salient environmental information
in order to guide action in a continuous cycle between perceiver and
situation. Various studies show that response elements such as hand
shape (Michaels & Schilder, 1991) and hand position (Michaels, 1989)
significantly influence S-R compatibility effects. Tipper, Lortie & Bayliss
(1992) showed that stimulus-response elements, like the position of an
effector, and action goals (on reaching movements) determined priming
and interference effects. In the same vein, Tucker and Ellis (1998) in a
series of choice reaction time tasks, demonstrated that “seen objects
automatically potentiate elements of the actions they afford”, when they
interpreted their S-R compatibility effects as being due to affordance-
induced, object-action representations affecting sensori-motor
preparedness for an action or response to a particular side of space.

Based on this research, visual affordance as the sole mechanism
behind response bias for compatible S-R mappings is questionable. It is
one of the purposes of this thesis to investigate the possibility that other
phenomena may also contribute to influences on performance as a

function of physical affordance, rather than perceived affordance.

1.3.1. Visual Affordance
The concept that the environment offers or ‘affords’ particular action to a

perceiver is central within the ecological framework and more generally to



perception-action investigations. J.J Gibson'’s (1979) belief was that to
perceive objects within the environment is to perceive what they afford,
thereby implying perception of values and meanings (seemingly) external
to the perceiver. Traditionally, the notion of affordance for action has been
linked with Gibson’s (1979) theory of 'direct' perception. Gibson argued
that affordance for action was based on intrinsic perceptual properties of
objects, registered directly and without the need for intervening processes
such as object recognition.

More recently, and in the same vein, Michaels and Stins (1997)
state, “affordance is the possibility for action permitted by virtue of
properties of the objects and events taken with respect to action
capabilities of animals” (pp. 334). To speak of perception of action
possibilities implies the creation of action representations, and if this idea
of affordance is accurate, then human sensitivity to this affordance may
be interpreted as promoting mental preparedness for object related
action. The mere sight of an object should ready the perceiver to
envisage, plan, or abort future action. If this is the case, then it is
conceivable that this pre-action visualisation might have the effect of
automatically priming the sensori-motor system for possible object related
action, even prior to any intention on the part of the perceiver to act.

In this light, the working definition of affordance is described as a
feature of an object with the power to evoke some form of mental

representation for object-related action within a perceiver. This thesis



examines whether perception of an object’s affordance might
automatically elicit or represent action possibilities within the perceiver,
and the possible influence on, and implications for, these action
representations on current goal related action. Some recent evidence that

supports the notion of object affordance is reviewed below.

1.3.2. Action Slips
Action slips are seen as the consequence of the effect of environmental
triggers on existing, well practised, but currently inappropriate motor
schema, whilst carrying out another task or intention. The ‘triggering’
effects of the environment on a perceiver can be observed during normal
everyday activity in the form of what Norman (1981) termed action slips.
For example, when meaning to file a document into a filing cabinet, you
may inadvertently drop the document into a nearby wastebasket, the
wastebasket triggering a similar “filing’ routine. On a day off from work,
you might find that instead of driving to the coast, you are indicating to
turn into the road that you take daily to get to the office. It seems that the
more automatized the behaviour then the more susceptible to action
triggers it may be.

Reason (1990), in his account of action slips, stated that we are in
the age of the ‘organisational accident’. By this, he meant that in the ever-
increasing domain of human interaction with mechanical and computer

interfaces, the possibility of error due to action inappropriate
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environmental triggers and constraints (or lack of) has greatly increased,
as have the consequences of such error.

In the above context, for action slips to occur, there is probably
going to be some degree of overlap between aspects of the current task
or intention and aspects of the ‘slip’ task. What is in effect happening is
that correspondences between aspects create a common ground where
both the current and the evoked action can exist. If the affordance is
powerful, then the evoked task may take over.

Norman (1981) proposed three major types of action slip based
upon an “activation-trigger-schema” system (ATS), the schema being
defined as a sensori-motor knowledge structure, that under favourable
environmental conditions may become either appropriately or
inappropriately activated through environmental triggers (affordance).
Norman described three classifications of slips as; a) those resulting from
indecision or unclear intention, that is, a series of actions is initiated but
the goal is not clear; this mental state inviting intrusion from
environmental triggers (affordance); b) slips that might result from faulty
activation of a schema such as forgetting the intention or skipping or
repeating steps (resulting in (a) above), and c) slips that result from faulty
triggering of active schemas at an inappropriate time, for example you
start to turn left before you reach the corner! According to Norman,
“Faulty triggering of active schemas can result in spoonerism'’s blends,

premature activation, and insufficient activation”. Whatever the
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classification or conditions for action slip to occur, we are all aware that
they do occur, and when we least expect it. The environment affords
action and when circumstances are favourable, such as unclear
intentions or task instructions; when there is overlap between dimensions
of the current task and the triggered action; and when the mind ‘wanders’,
then the possibility of an automated motor sequence (habit) hijacking the
current task is high. Recent evidence from brain-damaged adults has
helped to further understand the mechanisms underlying these automatic

behaviours.



Chapter 2

2. Perception-Action Systems in the Brain

12
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2.1. Introduction

An organism’s environment provides a myriad of action possibilities,
normally constrained only by the action capability and perhaps will or
intention of the perceiver. In order to successfully work with and efficiently
operate within any environment, humans have evolved complex cognitive
systems that, under normal circumstances, are able to cope with these
possibilities for action. Under normal circumstances, organisms are able
to select and execute those actions that are either intended or appropriate
to achieve a desired goal, whilst suppressing or inhibiting others.

The neural machinery within the human brain responsible for
action-related processing is the parietal lobe (e.g. Goodale & Milner,
1992; Milner & Goodale, 1993; 1995). It is composed of cells that are
responsive to a variety of stimuli including hand movement, objects within
grasping distance, audition, eye movement as well as complex and
motivationally significant stimuli (e.g. Mountcastle, Lynch, Georgopoulos,
Sakata, & Acuna, 1975; Faugier-Grimaud, Frenois & Stein, 1978; Perenin
& Vighetto, 1988; Pierrot-Deseilligny, Rivaud, Gaymard & Agid, 1991). In
particular, certain cells in the parietal lobe (area 7) have been described
as exerting ‘command’ functions for action towards an object, whilst their
activity ceases when the objects in question is grasped (e.g. Rolls, Perret
& Thorpe et al, 1979; c.f. Joseph, 1990). These cells have been
described as having the ability to direct visual attention, become excited

when certain objects are perceived to be within grasping distance, and
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motivating and guiding hand movements, including the grasping and
manipulation of specific objects (e.g. Hyvarinen & Poranene, c.f. Joseph,
1990; Mountcastle et al., 1975; Lynch, Mountcastle, Talbot, & Yin, 1977).
These patterns of excitation are coupled with corresponding patterns of
inhibitory control of this parietal psychomotor behaviour, neural substrates
of which lie within the frontal lobes (e.g. Denny-Brown, 1956, c.f.
Lhermitte, 1983).

Consistent behaviour relies on patterns of excitation and inhibition
within the perceptuo-motor (frontoparietal) system, and whilst a healthy
‘system’ copes well under most circumstances, there may be occasions
when either environmental pressures, or internal factors such as brain
damage, may result in perceptuo-motor malfunction. Some
neuropsychological evidence for such failures is reviewed in the following

section.

2,2, Utilization Behaviour

When damage occurs (either unilateral or bilateral) within the frontal lobe
region, inhibitory motor processes may become suppressed resulting in
what Lhermitte (1983) termed ‘utilization behaviour’. Utilization behaviour
normally stems from damage to the medial and medial-orbital areas of the
frontal lobe (e.g. McNabb, Carroll, & Mastaglia, 1988). Lhermitte (1983)
described utilization behaviour (and imitation behaviour) in terms of

environmental dependency syndromes resulting in semi purposeful, albeit
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reflexive motor behaviour. In some cases, patients are described as being
‘stimulus bound’ and involuntarily respond to, or even compulsively use,
objects or stimuli with which they are presented. This utilization behaviour
may be elicited by offering patients objects of everyday use and
observing that, without instruction (and even with clear instructions not to
use them), they will use them appropriately, but often out of context (for
example, putting on a second pair of spectacles when one pair is already
in place). Various patients also, without instruction, have been shown to
imitate an examiner's gestures, no matter how absurd.

According to Joseph (1989, c.f. Joseph, 1990), patients seem to
be “reflexively or magnetically directed, solely by external stimuli that
trigger involuntary motor reactions” (p.148). It seems the case that even
where there is no intention or requirement to act, some kind of automatic
process selects or reviews candidate motor sequences relating to the
observed (affording) object, and under any conditions of damaged
inhibitory processes, performs or attempts to perform that object-
associated action. The implications are such that, if objects have the
power to elicit object-associated action, then each object (or class of
object) must not only be mentally represented by its identity, but also by
what it can do or be used for, i.e. it's function. In addition, these
processes must operate at an unconscious level, each object or situation

activating these motor schemas.
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However, whilst much of utilization behaviour is reported as being
purposeful, there is no reason to believe that it necessarily stems from the
effects of uninhibited object affordance on the motor system. Denny-
Brown, (1958; c.f. Joseph, 1990) described the type of patient exhibiting
utilization behaviour, as being in a “seemingly apathetic and confused
condition”. When this confused, ‘apathetic’ person is seated at a desk and
presented with a pair of spectacles, what would be more natural than to
use them, that is, put them on? Does this mean that the object has
afforded an action, or is it simply the case that the patient is just doing
what he ‘thinks’ is most appropriate for him to do when presented with an
‘inappropriate’ object. Has the object afforded the action, or has it simply
catalysed the action with which the patient best associates the object, the
difference apparently lying in the realms of volition. However, there is a
possibility that such behaviour is involuntary; in which case, utilization
behaviour may result from the effect of object affordance overcoming the
damaged or malfunctioning inhibitory ‘system’. In this case, the
implication is that objects can and do, automatically afford action. Further,
when cognitive systems become disrupted (or damaged), then this

affordance can be said to evoke that very action.

2.3. Anarchic (and Alien) Hand Syndrome
In those patients where damage occurs that predominantly destroys the

left or right supplementary motor areas or medial frontal cortex, as well as
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the anterior corpus callosum (Brust, 1986; Goldberg, Mayer, and Toglia,
1981, c.f. Joseph, 1990), then a more specific type of utilization behaviour
is seen to occur. This behaviour, termed ‘anarchic hand’ syndrome (e.g.
Della Sala, Marcheti & Spinnler, 1991), which may be confined to one
limb, normally involves complex and seemingly purposeful action carried
out by that affected limb. In cases where a patient is unaware of the
behaviour then, it may be termed ‘alien hand’ (e.g. Della Sala et al., 1991,
1994).

McNabb et al. (1988) described a case where a female patient’s
right hand showed an uncontrollable tendency to reach out and take hold
of objects, being then unable to release them. McNabb et al. (1988) go on
to describe; “At times, the right hand interfered with tasks being
performed by the left hand, and she attempted to restrain it by wedging it
between her legs or by holding or slapping it with her left hand. The
patient would repeatedly express astonishment at these actions.” (p.147).
They also describe another patient who, whilst attempting to write with
her left hand, the right hand would reach over and attempt to take the
pencil. The left hand would respond by grasping the right hand to restrain
it.

More recently, Riddoch, Edwards, Humphreys, West and Heafield
(1998) described patient ES, who was diagnosed with anarchic hand
syndrome. On an initial assessment patient ES performed at chance

when asked to gesture the use of visually presented objects.
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Furthermore, she exhibited involuntary movements by either hand that
would interfere with actions carried out by the other (in most cases the
left) hand. This case study will be reviewed in more detail later, when the
issue of perception-action routes in the brain, is addressed; for now it is
only important to note that ES’s performance (i.e. pointing towards an
object) was significantly affected by the object’s affordance. For instance,
ES made more errors when asked to respond with her left hand to an
object on her left, when the object’s handle was oriented to the right,
rather than to the left.

The implications (and relevance) of this type of behaviour is that in
the event of damage that blocks internal inhibitory (and guidance)
processes on motor areas, (releasing them from influences mediated by
the opposing hemisphere), then external perceptual activity is preserved
resulting in compulsive responding to external stimuli. This behaviour can
be seen as evidence that the environment elicits, at the very least, motor
representation for behaviour, independent of conscious control, will, or
intention. However, whether this behaviour is meaningful is another
matter. Certainly most cases of anarchic hand tend to describe behaviour
that whilst being purposeful, is normally very inappropriate, and even
mischievous, as in the case described earlier by McNabb et al. (1988).

Whilst these studies describe in detail, intriguing cases of anarchic
hand, they offer little useful evidence in support of answering the question

of why an environment should elicit or afford purposeful mischievous
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activity in preference to appropriate, helpful, or useful behaviour. Why
should an affordance elicit mischief, or do we just interpret it as mischief
because it is not appropriate and belongs to action schema that would
normally be suppressed. Whether this type of syndrome can be used to
support the idea of environmental affordance for action is uncertain.
Certainly, in anarchic hand syndrome cases, neither the environment nor
the organism constrains the observed action, and without inhibitory
control, any possible action may occur based on any number of resident
action schema that may (or may not be) loosely semantically related to a
current environment or object.

The question of importance here relates to the basis upon which
the action takes place. Does the hand simply need to do something,
solely based on a catalogue of existing motor schema? How and why is
the behaviour controlled, for instance why should the hand grasp the
other arm rather than the other leg? Only when these questions are
answered can we judge whether the behaviour helps to support the idea
that the functional affordance of objects in the environment operates
automatically, and that, in the absence of the ‘will’ (through damage) of

the organism, the effects of this automaticity may be observed.

2.4. Anatomical Pathways for Vision and Action
To better understand the visual system’s underlying perception-action

processes, it is necessary to briefly look at the neural substrates involved.
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Ungerleider and Mishkin (1982) identified and described two broad
‘streams’ of visual projections in the macaque monkey brain, a ventral
visual processing stream from the occipital lobe to the inferotemporal
cortex, and a dorsal visual stream from the occipital to the posterior
parietal cortex. Based upon various lesion studies in monkeys (e.g. Pohl,
1973; Ungerleider and Brody, 1977), Ungerleider and Mishkin proposed
that the two visual processing pathways, whilst being complementary in
visual processing, were also functionally dissociable. More specifically
their observations helped form evidence for an occipito-temporal or
ventral (what) pathway involved with object recognition, and an occipito-
parietal or dorsal (where) pathway involved in object localisation.

An important reconception of the functions subserved by these two
visual streams came later from Goodale and Milner (1992). They
proposed that both streams can process information about object features
and about objects’ spatial relations and that the functional difference
between the dorsal and ventral visual processing streams was in the way
that this information was utilised. They suggested that the ventral stream
is more involved in representing object characteristics and relations, thus
allowing constructions of long-term perceptual representations, giving
objects functional significance and meaning - the kind of representational
information that would, for instance, mediate or catalyse effects of object
affordance. On the other hand, the dorsal stream is proposed to be more

involved in on-line operations, and uses the information about object
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location and task environment in order to control skilled actions such as
pointing, reaching towards, or grasping an object. The anatomical
dissociation of the two streams has, therefore, since been theorised in
terms of the ‘what’ and ‘how’ visual processing systems in the brain
(Goodale & Milner, 1992; Milner & Goodale, 1995).

Milner and Goodale, and colleagues have provided evidence not
only for the nature of the two visual processing systems, but also for their
dissociation, with one being able to operate independently of the other
(e.g. Goodale, Milner, Jacobson & Carrey, 1991; Goodale, Jacobson,
Milner, Perrett, Benson & Hietanen, 1994; Milner & Goodale, 1995).
Specific neuropsychological evidence for these functionally separable
visual processing streams comes from cases of visual agnosia and optic
ataxia. For example, patients with damage to the ventral visual system
but with intact dorsal system seem unable to perform even the simplest
identification tasks when presented with visual objects (optic aphasia).
One such patient is DF (reported by Milner, Perret, Johnston, Benson,
Jordan, Heeley et al., 1991; Milner & Goodale, 1995) who could perform
at chance if for instance, asked to match two rectangles for shape, to
report the orientation of straight lines, or to make judgements about the
size of an object. By contrast, when DF was asked to perform actions
such as inserting a letter into a slot at any orientation or to reach and
grasp an object of any size, her performance was as good as that of

normal controls.
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Conversely, patients with damage to the dorsal visual system but
preserved ventral, typically show the opposite pattern of behaviour in the
aforementioned tasks. This disorder, known as optic ataxia, is
symptomized by the observation that, whilst patients are very accurate in
tasks requiring intact perception of identity, they generally have difficulty
controlling and guiding their actions towards previously correctly identified
objects. Such a performance deficit was exhibited by patient VK reported
by Jacobson, Archibald, Carey and Goodale (1991; cf. Goodale, 1993).
The characteristic deficit in VK’s performance was the inappropriate size
of her hand grip when asked to reach out and grasp objects, as well as
the abnormally large number of adjustments in her grip once the reaching
movement had been initiated. This result, taken with the patient's good
performance in pointing movements, gave further support to the notion
that the posterior parietal lobes (along the dorsal visual stream) play a
role in programming goal-related hand movements.

In the context of the above evidence, the ventral visual system
(occipito-temporal stream) seems to process information relating to the
identity of visually perceived objects to facilitate the planning of voluntary
actions i.e. the ventral stream allows action planning and preparedness.
In contr