chapter

The Parietal Lobes

H. P. was a 28-year-old accountant who was plannimg wedding with his fiancee when
she noticed that he was making addition errors as balculated the budget for their re-
ception. At first, they joked about it, especially given higcupation, but in the following
weeks H. P.'s problem with numbers became serioustact, he was no longer able to do
a simple subtraction such as 3@ 19 in which the solution requires 2borrowing® 10
when subtracting 9 from O.

At first, H. P. simply put it down to working to@id, but soon he began to have trou-
ble reaching for objects. He was constantly knockirover his water glass, because his
reach was clumsy and misdirected. He began confgsleft and right and having diffi-
culties reading. Some of the words appeared to backward or upside down, and he
could not make sense of them.

Finally, when H. P. visited a neurologist for tesg, it was obvious that something was
seriously wrong. Indeed something was: he had atfgmowing tumor in his left parietal
lobe. Unfortunately, the tumor was extremely vinoend, within a couple of months, he

died.

he parietal cortex processes and integrates somatosory and visual in-

formation, especially with regard to the control ofmovement. In this
chapter, we first describe the anatomy of the patead lobes and then present a
theoretical model of parietal-lobe organization. N&t, we consider the major
somatosensory symptoms of parietal injury, survejid most commonly ob-
served disorders of the posterior parietal regionnd conclude the chapter with
a survey of behavioral tests that reliably predittrain injury.

Anatomy of the Parietal Lobes

H. P.'s symptoms are typical of left parietal injuy and illustrative of the curi-
ous pattern of symptoms that have proved a challemdor neuropsychologists
to understand. Part of the challenge is that thesgymptoms are difficult to
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CoORTICAL FUNCTIONS

demonstrate in animals. Common laboratory animalsish as rats and cats have
very modest parietal @lobes,® and, although monkeywith parietal damage
show many symptoms similar to those seen in humamtgents, symptoms re-
lated to language or cognition are difficult to stdy in monkeys. Furthermore,
the parietal lobes in the human brain have evolved a much larger size, which
might imply that humans will show some symptoms naseen in monkeys.

Subdivisions of the Parietal Cortex

The parietal lobe is the region of cerebral corteketween the frontal and oc-
cipital lobes, underlying the parietal bone at theoof of the skull. This area is
roughly demarcated anteriorly by the central fiss@;, ventrally by the Sylvian
fissure, dorsally by the cingulate gyrus, and posterly by the parieto-occipi-
tal sulcus (Figure 14.1A). The principal regions ahe parietal lobe include the
postcentral gyrus (Brodmann's areas 1, 2, and 3)etsuperior parietal lobule
(areas 5 and 7), the parietal operculum (area 48)e supramarginal gyrus (area
40), and the angular gyrus (area 39) (Figure 14.54d B).

Together, the supramarginal gyrus and angular gyruare often re-
ferred to as the inferior parietal lobe. The pariedl lobe can be divided
into two functional zones: an anterior zone includig areas 1, 2, 3, and
43; and a posterior zone, which includes the remaig areas. The ante-
rior zone is the somatosensory cortex; the posteriaone is referred to as
the posterior parietal cortex.

The parietal lobes have undergone a major expansionthe course of
human evolution, largely in the inferior parietal egion. This increase in
size has made comparisons of various areas in tiwean brain with those
in the monkey brain confusing, especially becaused@imann did not
identify areas 39 and 40 in the monkey. Whether mdweys actually have
regions homologous to areas 39 and 40 is debatalime solution to this
problem is to consult another anatomist, Constantivon Economo.

On von Economo’s maps, in which parietal areas acalled PA (parietal
area A), PB, and so forth, are three posterior patal areas (PE, PF, PG) that
von Economo described in both humans and monkeysi@tre 14.1C). If we use
this system, area PF is equivalent to area 7b and B area 5 in Felleman and
van Essen's flat map of cortical areas in the maceyq (see Figurel0.17).
Similarly, area PG in the monkey includes areas 7€|P, LIP, IPG, PP, MSTc,
and MSTp. These PG areas are primarily visual (s&hapter 15).

An area of significant expansion in the human bragppears to consist of the
polymodal parts of area PG and the adjoining polyndal cortex in the supe-
rior temporal sulcus. (Polymodal cells are those &t receive inputs from more
than one sensory modality.) Those in PG respond tboth somatosensory and
visual inputs, whereas those in the superior temparsulcus (the third visual
pathway discussed in Chapter 13) respond to variotismbinations of auditory,
visual, and somatosensory inputs.

The increase in size of area PG and the superiorngoral sulcus is espe-
cially interesting because this region is anatomitg asymmetrical in the hu-
man brain (see Figure 11.1). This asymmetry may lele to a much larger area
PG (and possibly superior temporal sulcus) on théght than on the left. If PG
has a visual function and is larger in humans, espaly in the right hemi-
sphere, then we might expect unique visual symptonaster right parietal le-
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sions, which is indeed the case. Note, however, thaG is also larger on the
left in the human than in the monkey, which would éad us to expect humans
to have unique deficits after left hemisphere lesis. This, too, is the case.

Connections of the Parietal Cortex

The anterior parietal cortex has rather straightfovard connections, which are
illustrated in Felleman and van Essen's hierarchgde Figure 10.19). There are
projections from the primary somatosensory cortexotarea PE, which has a
tactile recognition function, as well as to motor eeas, including the primary
motor cortex (area 4) and the supplementary motomd premotor regions.
The motor connections must be important for providng sensory information
about limb position in the control of movement (seeChapter 9).

Although more than 100 inputs and outputs of areas and 7 in the monkey
(PE, PF, and PG) have been described (see Figure1d), a few basic principles
will summarize the connections diagrammed in Figuré4.2:

A
1. Area PE (Brodmann's area 5) is basically a somatosery area, (La)teral
receiving most of its connections from the primargomatosensory view

cortex (areas 1, 2, and 3). Its cortical outputseto the primary
motor cortex (area 4) and to the supplementary motgSMA) and
premotor (6 and 8) regions, as well as to PF. Ar&k therefore plays
some role in guiding movement by providing informaibn about F

limb position. Temporar /__f—/

2. Area PF (area 7b) has a heavy somatosensory inpabf the primary lobe

. ; Superior temporal sulcudccipita
cortex (areas 1, 2, and 3) through area PE. It alsaceives inputs P

lobe
from the motor and premotor cortex and a small visal input
through area PG. Its efferent connections are sinat to those of (B)  Parietal lobe Superior temporal su
area PE, and these connections presumably providanse Dorsolateral Occipita
elaboration of similar information for the motor systems. prefrontal __\ lobe
3. Area PG (area 7b and visual areas) receives moreapbex ~ i
connections including visual, somesthetic, propri@ptive (internal {
stimuli), auditory, vestibular (balance), oculomoto(eye movement),  Orbital'_ N /]
and cingulate (motivational?). This region was desbed by ffoma/\\,./ 7
MacDonald Critchley as the 2parieto-temporo-occipil cortex )
crossroads,® which is apparent from the connectivitlt seems likely =~ Medial
that its function corresponds to this intermodal mking. Area PG is 'V
part of the dorsal stream discussed in Chapter 18is assumed to Temporal e \— E:Q\
have a role in controlling spatially guided behavrowith respect to lobe £~ _— )
visual and tactile information. ‘[\ KS:_ \/_<,\/
4. There is a close relation between the posterior pa&tal connections \ / ,
and the prefrontal cortex (especially area 46). Tlsuthere are Cingulate aasi

connections between the posterior parietal corteG and PF) and the ~ 9yrus

dorsolateral prefrontal region. Additionally, boththe prefrontal and

the posterior parietal regions project to the samareas of the paralimbic Figurel4. Zonnections of the
cortex and the temporal cortex as well as to thegpocampus and various ~ Parietal lobe. (A) The major
subcortical regions. These connections emphasizelase functional Cgﬁ'ecgﬁggret'c(aé)p_lr_ﬂ:ci')osqzr?;rthe
relation between the prefrontal cortex and the pagtal cortex. This Sarietal and .dorsolatefal prefrontal
relation probably has an important role in the conbl of spatially guided projections to cingulate, orbital
behavior. frontal, and temporal regions.
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A Theory of Parietal-Lobe Function

If we consider the anterior (somatosensory) and pesior parietal zones as
functionally distinct regions, we can identify twandependent contributions of
the parietal lobes. The anterior zone processes satit sensations and percep-
tions; the posterior zone is specialized primarilfor integrating sensory input
from the somatic and visual regions and, to a lessxtent, from other sensory
regions, mostly for the control of movement. We areconcerned here mostly
with the function of the posterior parietal zone; he anterior zone's somato-
sensory functions were discussed in Chapter 8.

Imagine that you are having dinner with a friend ina restaurant. You are
confronted with a set of cutlery, some dishes, a $leet of bread, a glass of wa-
ter, perhaps a glass of wine or a cup of coffeepapkin, and of course your
companion. Seemingly without effort you select vaous utensils and foods as
you chat with your friend.

If we analyze what is required to do all these thgs, however, we see that
your brain is faced with several complex tasks. Fexample, you must reach
and correctly grasp a glass or cup or fork or piecaf bread. Each of those
movements is directed toward a different place anéquires a different hand
posture and or limb movement or both. Your eyes andead must be directed
toward various places in space, and you must coardie the movements of
your limbs and your head to get food to your mouth.

Furthermore, you must attend to certain objects andjnore others. (You do
not take your companion’s fork or drink.) You alsanust attend to the conver-
sation with your friend and ignore other conversatins around you. When you
eat items from your plate, you must choose which enyou want and select the
correct utensil. It would be inappropriate to try b eat your peas with a knife.
You must also make movements in the correct ordgror example, you must
cut your food before picking it up. Similarly, whenyou choose a bit of bread
you must pick up a knife, get some butter, place ¢hbutter on the bread, and
then eat the bread.

As we think about how the brain can manage thesesks, it seems obvious
that there must be some sort of internal represertian of the location of dif-
ferent objects around us, a sort of map in the braiof where things are.
Furthermore, we assume that the map must be commaa all our senses be-
cause we can move without apparent effort from vialito auditory to tactile in-
formation. On the basis of clinical observations gfatients with parietal injury,
it has been widely believed for nearly 60 years ththe parietal lobe plays a cen-
tral role in the creation of this brain map. But wiat is the map?

The commonly held introspective view is that realgace must be mapped
topographically because that is how it appears tes.uThat is, we take it for
granted that the world around us is as we perceiite and thus that the brain
must employ some sort of unified spatial map. (Thigiew is a form of the bind-
ing problem discussed in Chapter 10.) Unfortunatejythere is very little evi-
dence for the existence of such a map in the braiRather, it seems likely that
there is no single map, but a series of represeritats of space, which vary in
two ways. First, different representations are usefbr different behavioral
needs. Second, representations of space vary froom@e ones, which are ap-
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plicable to the control of simple movements, to albsact ones, which may rep-
resent information such as topographical knowledgale consider each of
these aspects of brain maps in turn.

Uses of Spatial Information

Goodale and Milner emphasize that spatial informatin about the location of
objects in the world is needed both to direct actits at those objects and to as-
sign meaning and significance to them. In this seasspatial information is sim-
ply another property of visual information, much lke form, motion, and color.
However, just as form is coded in more than one wawg visual processing, so
is spatial information. The critical factor for both form and space is how the
information is to be used.

Recall that form recognition is of two basic typesone is for object recogni-
tion and the other is for the guidance of movemenSpatial information can be
thought of in the same way.

Object Recognition

The spatial information needed to determine the reltions between objects, in-
dependent of what the subject's behavior might bés very different from the
spatial information needed to guide eye, head, amib movements to objects.
In the latter case, the visuomotor control must beiewer centeredbthat is, the
location of an object and its local orientation ananotion must be determined
relative to the viewer. Furthermore, because the ey, head, limbs, and body
are constantly moving, computations about orientain, motion, and location
must take place every time we wish to undertake aaction. Details of object
characteristics, such as color, are irrelevant tasuomotor guidance of the
viewer-centered movements. That is, a detailed visurepresentation is not
needed to guide hand action.

Milner suggests that the brain operates on a 2nedd know® basis. Having
too much information may be counterproductive for ay given system. In con-
trast with the viewer-centered system, the objectenitered system must be
concerned with such properties of objects as sizhape, color, and relative lo-
cation so that the objects can be recognized whelnely are encountered in dif-
ferent visual contexts or from different vantage pots. In this case, the details
of the objects themselves (color, shape) are impant. Knowing where the red
cup is relative to the green one requires identifgg each of them.

The temporal lobe codes relational properties of gbcts. Part of this con-
trol is probably in the polymodal region of the supgor temporal sulcus, and
another part is in the hippocampal formation. We ratrn to the role of the
temporal cortex in Chapter 15.

Guidance of Movement

The posterior parietal cortex has a role in the viger-centered system. To ac-

commodate the many different types of viewer-cented movements (eyes, head,
limbs, body, and combinations of them) requires sepate control systems.

Consider, for example, that the control of the eyeis based on the optical axis of
the eye, whereas the control of the limbs is probbbased on the positions of

the shoulders and hips. These movements are of vatijferent types.
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We have seen many visual areas in the posterior jgdal region and multi-
ple projections from the posterior parietal regiongo the motor structures for
the eyes (frontal eye fields, area 8) and limbs @onotor and supplementary
motor). There also are connections to the prefroniaregion (area 46) that have
a role in short-term memory of the location of evets in space.

The role of the posterior parietal region in visuomador guidance is con-
firmed by the results of studies of neurons in th@osterior parietal lobe of
monkeys. The activity of these neurons depends ohe concurrent behavior of
the animal with respect to visual stimulation. Indct, most neurons in the pos-
terior parietal region are active both during sensg input and during move-
ment. For example, some cells show only weak respes to stationary visual
stimuli but, if the animal makes an active eye orm movement toward the
stimulusor even if it just shifts its attention to thecoie discharge of these cells
is strongly enhanced.

Some cells are active when a monkey manipulates @lnject and also re-
spond to the structural features of the object, sh@s size and orientation. That
is, the neurons are sensitive to the features of ahject that determine the pos-
ture of the hand during manipulation.

A characteristic common to all the posterior parietl neurons is their re-
sponsiveness to movements of the eyes and to thedtion of the eye in its
socket. When cells are stimulated at the optimum spin their receptive fields,
they discharge at the highest rate when the eyesean a particular position.
This discharge appears to signal the size of theeynovement, orsaccade,
necessary to move the visual target to the foveatbe retina.

In other words, these cells detect visual informatn and then move the eye
to get the fine vision of the fovea to examine itA curious aspect of many
posterior parietal eye-movement cells is that thegre particularly responsive to
visual stimuli that are behaviorally relevant, suchs a cue signaling the avail-
ability of a reward. This responsiveness has beertarpreted as suggesting that
these cells are affected by the @motivational® chacteristics of information.

Stein summarized the responses of posterior parieteeurons by emphasiz-
ing that they all have two important characteristis in common. First, they re-
ceive combinations of sensory, motivational, andleged motor inputs. Second,
their discharge is enhanced when the animal attendis a target or makes a
movement toward it. These neurons therefore are weduited to transforming
the necessary sensory information into commands fdirecting attention and
guiding motor output.

It is not possible to study the activity of singleells in the human posterior
parietal region, but event-related potentials (ERPsn response to visual stim-
uli can be recorded. Thus, when a stimulus is praged in one visual field, ac-
tivation would be expected in the opposite hemisphe, which receives
information from the contralateral visual field. Sephen Hillyard showed that,
when a visual stimulus is presented, there is adarnegative wave from about
100 to 200 ms later in the posterior parietal regio. The wave is larger than
that seen in the occipital cortex and is largest ithe hemisphere contralateral
to the stimulus.

Two interesting characteristics of these waves areminiscent of neurons in
monkeys. First, if a subject is asked to pay attém to a particular spot in one
visual field, the ERP is largest when the stimulus presented there rather than
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elsewhere. Second, there is a large parietal resperbetween 100 and 200 ms
before eye movements. Pere Roland also showed thatyen subjects direct

their attention to visual targets, blood flow incrases preferentially in the pos-

terior parietal region.

Taken together, the results of electrophysiologicaind blood-flow studies
in monkeys and humans support the general idea thtite posterior parietal
region plays a significant role in directing movemas in space and in de-
tecting stimuli in space. We can predict, thereforethat posterior parietal le-
sions impair the guidance of movements and perhaghe detection of
sensory events.

The role of the superior parietal cortex in the cotrol of eye movements has
important implications for PET studies of visual pocessing. Recall from
Chapter 13 that Haxby and colleagues showed an iease in blood flow in the
posterior parietal cortex when subjects identifiedlifferent spatial locations.
This finding was taken as evidence that the dorssiream of processing deals
with @spatial processing.°

One difficulty with this interpretation, however, is that, when people solve
spatial tasks, they move their eyes. The increasP&T activation, therefore,
could be due to the movement of the eyes, rather d@h to the processing of
wherethe target actually is in space. Indeed, it has beelemonstrated that,
when people solve problems in which they must rotatobjects mentally, they
move their eyes back and forth. These saccades nigicate the ongoing ac-
tivity of parietal circuits, but they also present problem for PET studies.
Thus there is a practical difficulty in constructing watertight experimental de-
signs in brain-imaging studies.

The Complexity of Spatial Information

The second aspect of spatial representation is colapity. The control of limb
or eye movements is concrete and relatively simpleut other types of viewer-
centered representations are far more complex. Fexample, the concept of
aleft® and 2right° is viewer centered but need not require movement. Patients,
such as H. P., with posterior parietal lesions aiepaired at distinguishing left
from right. But there are spatial relations that a& even more complex. For ex-
ample, you can visualize objects and manipulate feemental images spatially
as was done in the experiments described in the $ahot on page 352. Patients
with posterior parietal lesions are impaired at mdal manipulations, such as
those illustrated in Figure B in the Snapshot.

It seems likely that the ability to manipulate objets mentally is an extension
of the ability to manipulate objects with the handsThus, mental manipulation
is really just an elaboration of the neural controbf actual manipulation, much
as visual imagery is an elaboration of the neuraaord of actual visual input.
The actual location of the cells taking part in metal manipulation is not
known, but one guess is that it includes the tempoparietal polysensory re-
gions that show such significant expansion in theuman brain. (These regions
constitute the third stream of processing illustrad in Figure 13.5.) This
idea is speculative but based on the knowledge thhis region is larger in the
right hemisphere and that larger deficits in mentaispatial tasks® follow right-
hemisphere lesions.
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S N AP S H O T

Measuring Parietal-Lobe Activation
During Mental Rotation

To determine whether the posterior parietal cortexshows (B) Mental-rotation test condition

functional activation during a mental-rotation task, Normal Backward
Alivisatos and Petrides used PET to measure regiorla

blood flow during two different test conditions. Su bjects 07 9 Ny y 2 (0
were first presented with letters or numbers and aked 120 180 240 120 180 240

merely to press one key in response to a number ané dif-

ferent key in response to a letter. Their responsesestab-
lished a baseline level of activation, or control condition,
for the experiment.

In the mirror-image test condition, subjects were pre-
sented letters or numbers either in the 2normal® or back-
ward, 2mirror-image® orientation, as shown in Figure A.
Their task was to press a different key to indicateeach ori-

(B) An example of the rotation of the stenmliéirtahrotation
task.

entation. In the mental-rotation test, subjects were pre-
sented with the same stimuli, but in different orie ntations,
as shown in Figure B. The subjects were required tomake
the same normal-versus-backward discrimination asm the

mirror-image condition.
To determine whether the mirror-image or mental-roation
Backward tasks activated the parietal lobe, the baseline .discrimi-
nation was subtracted from each test. Both tasks increased
e :| ﬂ activation in the parietal cortex on the left and i n a slightly
more posterior temporal region on the left (FigureC). In ad-
a Y dition, bilateral activation of the posterior tempo ral cortex
was recorded. When the activation in the mirror-image con-
dition was subtracted from that in the mental-rotation con-
dition, the right hemisphere activation in the pari etal and
temporal lobes was no longer significant. Evidently both

(A) Mirror-image test condition
Normal

G F R
2 5 7 S

(A) The alphanumeric stimuli used in theirforarrfief?) and
in their @3backward® form (right).

Other Aspects of Parietal Function

Three parietal-lobe symptoms do not fit obviously nto a simple view of the
parietal lobe as a visuomotor control center. Thesgymptoms include difficul-
ties with arithmetic, certain aspects of languagend movement sequencesb
deficits encountered in H. P.'s case.

Luria proposed that mathematics and arithmetic have quasi-spatial nature
analogous to the mental manipulation of concrete gipes but entailing abstract
symbols. For example, addition and subtraction hagpatial properties that are
important to calculating a correct solution. Consié@r the problem of subtract-
ing 25 from 52. The 22° and 25° occupy different paitions and have different
meanings in the two numbers. There must be a 2bormwing® from the 10's col-
umn in 52 in order to subtract, and so on.

From this perspective, the reason that parietal-l@patients such as H. P.
experienceacalculia (an inability to do arithmetic) stems from the spaal na-



(C) Average brain scan
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After subtracting baseline discrimination from each
test, both tasks increased activation in the parietal
cortex and posterior temporal cortex.

(C) PET reactivity in the parietal cortex ohatingtaien.
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tasks require the same right parietal and temporal activa-
tion, whereas there was something different about e left
parietal involvement in the two tasks.

The left difference is likely related to the increased dif-
ficulty in identifying alphatnumeric stimuli when t hey are
rotated, which makes sense given that the left hemsphere
is dominant for verbal processing. One puzzle, howeer, is
that, in a parallel study, these researchers foundthat mak-
ing similar manipulations with abstract stimuli pro duced a
similar pattern of activation, even though the stimuli were
not verbal. This finding suggests that the left parietal cor-
tex has a role in active mental transformations of stimuli,
regardless of the content of the stimulus material.

Notably, parietal activation in the two hemispheres is
not in the same location, as you can see in the MRIin
Figure C. The activation on the left is more rostrd and in-
ferior (area 40) than the activation on the right, which is
more posterior and superior (area 7). This differerce sug-
gests that each hemisphere contributes a differenttype of
processing to mental manipulation.

(B. Alivisatos and M. Petrides. Functional activation of the human brain
during mental rotation. Neuropsychologia35:111+118, 1997.)

ture of the task. Indeed, if parietal-lobe patient@re given simple problems
such as & 4, they usually solve them because the spatial derda are few.
Even when the problems are somewhat more difficulsuch as 9842 23, the
patients have little problem. When more-complex manipulations, such as bor-
rowing, must be made, however, the patients' abils to do arithmetic break
down, as in 9832 24. Thus, arithmetic operations may depend on theqby-
sensory tissue at the left temporoparietal junction

Language has many of the same demands as arithmelibe words @tap®
and 2pat® have the same letters, but the spatial ganization is different.
Similarly, the phrases 2my son's wife® and 2my wifeson® have identical words
but very different meanings. These observations haved Luria and others to
suggest that language can be seen as quasispd®ialients such as H. P. may
have a clear understanding of individual elementgut they are unable to
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Tablel 4. JEffects of left- and right-
parietal-lobe lesions compared

PERCENTAGE O
SUBJECTS WITH DH

Left (%) Right(

Unilateral neglect 13
Dressing disability ]
Cube counting 0

Paper cutting 0]

[Topographical loss 13
Righttleft discrimination 63
\Weigl's sorting test 83

*Note the small but significant overlap in spfefoiarsd right lesio
Sourcdased on data presented by McFie and Zangwill, 1960




Tablel4.%ummary of major symptoms of parietal-lobe damage

Symptom

Disorders of tactile function Areas 1, 2, 3

Tactile agnosia Area PE

Defects in eye movement
Misreaching

Manipulation of objects
Apraxia

Areas PE, PF
Areas 5, 7
Areas PF, PG
Areas PF, PG, left

Area PG
Areas PG, STS*
Areas PG, STS

Area PG right
Area PG right
Area PE?

Areas PF, PG
Areas PE, PG
Area PG

Constructional apraxia
Acalculia

Impaired cross-modal matching
Contralateral neglect

Impaired object recognition
Disorders of body image
Righttleft confusion

Disorders of spatial ability
Disorders of drawing

*STS, superior temporal sulcus.

Most probable lesion site

Basic reference

Saimteslet
Corkin et al., 1970

Hecaen and Albert
Brown, 1972

Tyler, 1968
Damasio and Bentd
Pau8e et al., 19

Heilman and Roth|
Kimura, 1980

Benton, 1990

Levin et al., 1993

nd Brdthrs1®968
Heilm@a3et al., 1
\Afzatriregttamm, 19
Benton a@8 Sivd

Semmes et al.,
NelRatolifé 499
Warrington et al.,
Kimura and Faust, 1987




Tablel 4. 3standardized clinical neuropsychological tests fparietal-

Test Basic reference
Somatosensory threshold Two-point discrimination  in et alCa80

Tactile form recognition Seguin-Goddard Form Boaurtder and Weinstein, 19
Tactile patterns Benton et al., 1983

Contralateral neglect Line bisection Schenkéniid@pet

isual perception Gollin Incomplete Figures n Aratrivgibin, 19
Mooney Closure Milner, 1980
Spatial relations Righttleft differentiation Baintd9e3
Language
Speech comprehension Token de Renzi and &ag
Reading comprehension Token

Apraxia Kimura Box Kimura, 1977

Note: These standardized tests have beenrvididgtesdmples of patients with known I@dald@chige.







Figura.4 . gimura box test.

Subjects are required to learn
movement series that consistd
pushing the top button with thq
inger, pulling the handle with

ingers, and pressing a bar wi
humb. Apraxic subjects are i
at this task, and they may be
o learn it at all.
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