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Independent reference frames in human spatial
memory: Body-centered and environment

centered coding in near and far space

MICHAEL E. WOODIN and ALAN ALLPORT
University ofOxford, Oxford, England

Our apparently seamless experience of the spatial environment seems to be derived from infor
mation coded across a variety of spatial reference frameworks, each tied to the metric of a different
sensory or motor system. Afundamental distinction is that between body-centered and environment
centered reference frameworks. This study reports the first clear evidence of a behavioral dissocia
tion between body-centered and environment-centered coding in human adults. Subjects, seated in
a rotating chair with closed eyes, were required to point to remembered, auditorily presented target
locations. The subjects were rotated between the presentation and recall of targets. Targets were
held stationary with respect to either body-centered or environment-centered spatial coordinates.
Prior to recall, subjects were required to point to a series of prelearned distractor locations, which
also remained fixed with reference either to the subject's body or to the stationary environment.
Memory for the target locations was selectively impaired when distractor locations were specified
within the same spatial reference frame as the target, regardless of whether target and distractor lo
cations were near to or distant from the subjects. In contrast, distractor locations specified in a dif
ferent reference frame from that of the target had either little or no effect on memory for target
locations.

The literature ofcontemporary cognitive neuroscience
provides evidence for a multiplicity of different egocen
tric spatial coding systems in the primate brain. Object lo
cation is represented in parallel in these systems with
reference to many different parts of the body.

The retina provides the primary spatial coordinates in
many visual and oculomotor coding systems (Andersen
& Gnadt, 1989;Goldberg, Colby,& Duhamel, 1990). How
ever, distributed activity in the posterior parietal cortex
effectivelyprovides both head-centered and body-centered
spatial representations. These are derived from planar gain
fields in which the amplitude of a neuron's retinotopic
response to a visual stimulus is modulated by the posi
tion ofthe eyes in their orbit (Andersen, Essick, & Siegel,
1985), the head on the body, or both (Brotchie, Ander
sen, & Goodman, 1993, cited in Andersen, 1995). These
systems appear to be involved in the preparation of eye
movements both to visual targets and to the sources ofau-
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ditory stimuli (Andersen, 1995; Bracewell, Barash, Maz
zoni, & Andersen, 1991).

Visual cells with spatial responses fully independent
of eye position are found in more anterior circuits, which
are involved in reaching responses (Fogassi et al., 1992;
Gentilucci, Scandolara, Pigarev, & Rizzolatti, 1983). Re
cently, also, cell populations have been reported with
both visual and tactile responses, whose spatial selectiv
ity depends on, and moves with, the position of the ani
mal's hand (Graziano & Gross, 1993, 1995).

What these many egocentric spatial coding systems
have in common is that their coding of object position is
linked to the organization of bodily movements. They
differ however, with respect to the particular effector to
which they are tied (Rizzolatti, Riggio, & Sheliga, 1994).
Nevertheless, there must be sufficient cross-calibration
between them to ensure, for example, that the eye and
hand movements made toward a single object converge
on the same point in space (see Jeannerod, 1991).

In contrast to this emerging picture of a diversity of
body-centered coding systems, the evidence for systems
that code object location with respect to other objects, land
marks, or a stable environment, independent of the sub
ject's viewpoint or limb position, is more limited. Feigen
baum and Rolls (1991) recorded the activity of monkey
hippocampus "space cells" that, irrespective of viewing
position, fire in response to visual stimuli presented in
locations fixed with respect either to the screen on which
they were presented or to the whole room (Feigenbaum
& Rolls, 1991). O'Mara and Rolls (1994) detected "whole
body motion cells" in the monkey hippocampus that re-
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spond selectively to passive rotations and/or translations
of the animal in a stable environment (see also Andersen,
1995). It is possible that these whole-body motion cells
contribute to a directional reference framework, based on
vestibular input, which is used to construct a representa
tion of the spatial environment.

McNaughton, Knierim, and Wilson (1995) have ar
gued that such directional information, combined with
distance cues from other sources, would be sufficient to
build vector-based codings of the positions ofobjects and
landmarks in the environment. Navigation within an en
vironment could then be performed by vector subtrac
tion. Leigh (1994) has reviewed evidence for an area of
human vestibular cortex having an important role in the
localization of objects during body rotation.

At the neuronal level, there is thus increasing evidence
for a range of body-centered spatial coding systems, on
the one hand, and, on the other hand, for one or more
environment-centered systems. In contrast, at the be
haviorallevel, little is known about the emergent, func
tional characteristics of these different egocentric versus
environment-centered systems or, in particular, whether
they are behaviorally independent. Stein (1991, 1992) has
suggested that the integrative activity of the posterior
parietal cortex provides a sufficient basis for "emergent"
environment-centered representations. Thus, environment
centered representations might be dependent on contin
ued, corresponding activity in a number of underlying
egocentric codes. Accordingly, any perturbation of these
egocentric representations should result in a correspond
ing disturbance to the environment-centered representa
tions that they support. An alternative possibility is that
body-centered and environment-centered representa
tions are genuinely, functionally independent. That is,
even though environment-centered representations might
initially be derived from egocentric sensory codes, it is
possible that, once derived, they come to be embodied in
autonomous, specialized coding or memory systems. Ifso,
once these two (or more) spatial representations have been
computed and become fully independent, interference in
terms of one spatial framework need have little, if any,
effect on the other. The primary aim ofthis investigation
was to examine whether human body- and environment
centered spatial coding are functionally or behaviorally
dissociable in this sense. First, however, the available ev
idence relevant to this question will be reviewed.

A number ofstudies of the effects ofselective patterns
of brain damage in humans (Butters, Soeldner, & Fedio,
1972; Semmes, Weinstein, Ghent, & Teuber, 1963) and
monkeys (Pohl, 1973) have revealed dissociations between
the performance of spatial tasks that use the body as a
reference point and those that require reference to be made
to the relative spatial arrangement of objects in the ex
ternal environment. However, it is difficult to draw strong
conclusions from these studies because they involved
complex tasks that differed greatly between the body
and environment-centered conditions.

Few behavioral studies using normal human adults
have successfully differentiated between body- and
environment-centered coding. One way in which this has
been attempted, however, has been by measuring the ac
curacy with which subjects point to visual stimuli under
varying viewing conditions. Conti and Beaubaton (1980)
found that the accuracy of pointing to a luminous target
is less in complete darkness than when a structured vi
sual field is present. This suggests that, when available,
the structured visual field gives rise to an environment
centered reference frame within which the position of
the body can be accurately assessed, leading to pointing
that is more accurate than when only a body-centered
coding of the position ofthe target is available. Similarly,
Tipper, Lortie, and Bayliss (1992) reported interference
effects ofdistractor stimuli in a manual reaching task that
demonstrated that rapid aimed movements are planned
in a hand-centered, rather than an environment-centered,
reference frame.

Another method that has been used is to compare sub
jects' ability to point to a visual stimulus with the accu
racy oftheir verbal description of its position with respect
to the surrounding environment. Bridgeman, Lewis, Heit,
and Nagel (1979) found that subjects were unable to say
whether or not a central visual target moved with respect
to its visual surround if it was flashed on during a sac
cadic eye movement. However, they were able to point to
the right or left, reliably indicating the direction in which
the stimulus moved with respect to their bodies.

The cited studies concern perceptual-motor coordina
tions at very short time delays. A third approach has been
to test longer term memory for spatial layouts from ei
ther the same or a different standpoint to that in which
they were viewed. This technique reveals that for large
spatial layouts lying beyond reaching space, the accuracy
of spatial memory is independent of the testing stand
point. However, for small layouts, accuracy tends to de
crease if the testing standpoint differs from the original
viewing orientation (Presson, DeLange, & Hazelrigg,
1989). A possible explanation of this is that large layouts
are perceived as real spatial environments in which it is
possible to move about, leading to environment-centered
coding, whereas small-scale layouts are perceived more
as an object, leading to relatively view-dependent or ego
centric coding.

Overall, these findings are consistent with the hypoth
esis that some kinds of body- and environment-centered
coding are (1) functionally distinct and (2) differentially
accessible under different task conditions. Alternatively,
in each case the effects could be attributed to specific
changes between conditions-to the perceptual input, the
type of response required, or both. Furthermore, none of
these studies addressed directly the question of the func
tional autonomy of these different forms of spatial rep
resentation. The present study investigated whether
body- and environment-centered coding can be dissoci
ated, and can be shown to be functionally autonomous,
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across tasks that have exactly the same type of stimuli
and responses.

One final consideration arises from the suggestion
that the coding and representation of space immediately
surrounding the body (peripersonal or grasping space) is
dissociable from the coding ofmore distant space (extra
personal or walking space) (Brain, 1941; Kolb & Wishaw,
1995; Rizzolatti et al., 1994). Studies ofpatients with vi
suospatial neglect have provided examples of left-sided
neglect selective to objects presented in near space, on
the one hand (Halligan & Marshall, 1991), and, on the
other hand, neglect that is significantly worse in far, rather
than near, space (Cowey, Small, & Ellis, 1994).

This raises the possibility that body- and environment
centered coding might be dissociable only in near space.
This is particularly plausible if, for example, there is a
strong association between near stimuli and body-centered
coding (Graziano & Gross, 1995). Thus, the present ex
periment involved two conditions that were identical ex
cept that stimuli were presented in, and responses were
directed toward, locations within immediate grasping
space ("near" space) in one condition, but well beyond
grasping space ("far" space) in the other.

Subjects were seated, with their eyes closed, in a chair
that could be rotated by the experimenter. A target loca
tion was cued auditorily and the chair was then rotated
by the experimenter. After a delay, the subject had to
point to the target location, and the angular error ofpoint
ing was measured. There were two conditions of target
location recall: (1) The target remained stationary with
respect to the room as the chair moved (preserving the
target's environment-centered, but not its body-centered,
location); and (2) the to-be-remembered target location
moved with the chair (preserving its body-centered lo
cation). The rotation of the chair was followed either by
an unfilled delay or by one of two versions of an inter
ference task. In both versions of the interference task, the
subject had to point, on verbal prompt, to a randomly or
dered series ofprelearned distractor locations. In the "al
locentric" version of the interference task, the distractor
locations remained fixed with respect to the room envi
ronment as the chair rotated. In the "egocentric" version,
they rotated with the chair to maintain a fixed location with
respect to the subject's body.

The rationale of this approach is based on "one of the
standard assumptions in modern memory research"
(Crowder, 1993, p. l50)-that differential interference
effects in memory can be used to infer differences in
coding. Thus, if the suggestion of a behavioral dissocia
tion between body- and environment-centered spatial
coding is correct, the accuracy of pointing to targets that
remain stationary in the environment would be expected
to deteriorate selectively following performance of the
allocentric interference task. Conversely, the accuracy of
pointing to targets that move with the chair, remaining
fixed with respect to the body, would be expected to de
teriorate selectively following performance of the ego
centric interference task.

Should such a dissociation be found, it is unclear from
the available evidence whether it should be predicted to
occur only in near space or in both near and far space, or
indeed whether it might depend on a comparison be
tween performance in near and far space. Another em
pirical question is whether the accuracy of pointing to
targets that remain stationary in one spatial framework
should be expected to deteriorate following performance
of the interference task in a different spatial framework,
albeit to a lesser extent than following the interference
task in the same spatial framework.

METHOD

Subjects
Twenty-four volunteer undergraduate subjects participated in

the experiment and were randomly allocated to two groups of 12.
One group performed the near condition; the other, the far condi
tion. Within each group of 12 subjects, there were four equally
sized and randomly selected subgroups. Each subgroup performed
the various conditions of the experiment in a different order.

Apparatus
The arrangement of the apparatus is shown in Figure 1. It con

sisted principally of a specially constructed revolving chair. A han
dle on the chair's left-hand side enabled it to be rotated by the ex
perimenter.

For the near-space conditions, target locations in a fixed,
environment-centered frame were specified on a 360" perimeter,
formed by a wooden annulus, or ring, of width 10 em and radius
120 em, centered on the chair's axis of rotation. Locations were
marked on the annulus from 0"to 360' at 5' intervals. The 360' an
nulus was supported on three legs, fixed to the floor, at just below
the subject's waist height and at a comfortable reaching distance
for the subject when seated. It thus remained stationary as the chair
was rotated.

Immediately above the fixed 360" annulus was a second, 180'
perimeter on which body-centered targets in the near conditions
were specified. This perimeter was fixed to and so rotated with the
chair. It consisted of a transparent perspex are, of the same radius
and width as the 360" perimeter. Angles were marked on the 180'
perspex arc from 0' to 180"at 5° intervals; the point directly in front
of the center of the chair was marked as 90". When the chair was
in its starting position for a trial, the angles on the 180"perspex arc
and the 360" annulus corresponded to each other.

In corresponding locations on both the perspex perimeter and
the 360"annulus there were four colored spots of2.8-cm diameter.
Their arrangement was as follows: yellow at 45', red at 70",blue at
110', and green at 135".

For the far-space conditions, a vertical screen, 1 m high x J0 m
in length, formed a 180' perimeter of radius 3 m, centered on the
chair's axis of rotation. The screen was centered at the subject's
shoulder height (i.e., the base of the screen was mounted 80 em
above the ground). The screen was marked at 5" intervals, from 0'
to 180",with thin vertical lines from top to bottom. A large green
cross was placed at the center of each line.

Four colored light beams could be projected onto the screen ei
ther from a small platform fixed to the rotating chair above the sub
ject's head or from a platform fixed to the floor in front of the chair.
The beams were generated from battery-powered flashlights fitted
with colored filters and created four colored spots of approxi
mately I5-cm diameter on the screen. Their arrangement when the
chair was in the straight-ahead position (facing 90") or when the
flashlights were fixed to the stationary platform was yellow at 45",
red at 70", blue at 110", and green at 135".
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Figure 1. The experimental apparatus. The subject is shown responding in the eg0

centric interference condition ofthe far space task.

Design
A three-way mixed design was used. The between-subjects vari

able was near versus far space-that is, the distance from the sub
ject at which stimuli were presented and responses recorded. Near
space targets were presented on the perspex arc and wooden
annulus surrounding the chair; far-space targets were on the verti
cal screen. The within-subjects variables were (I) the spatial
framework in which the target location remained stationary (body
centered vs. environment-centered primary task) and (2) the inter
ference condition (control vs. egocentric interference task vs. al
locentric interference task).

Trials were blocked so that all trials involving the same combi
nation of primary and interference tasks were performed consecu
tively and all blocks contained nine trials. The order in which the
primary and interference tasks were encountered was counterbal
anced across the four subgroups of subjects within both near and
far groups, as shown in Table I.

Six lists of nine target angles, labeled A-F, were constructed and
arranged into six different orders that were counterbalanced across

conditions. The target angles in each list were uniformly distrib
uted between the outer limits of 35' and 145' in 5' steps. The lim
its were set due to the physical constraints of pointing across the
body. The 90' angle (straight ahead) was not used as a target.

The position to which the chair was rotated on each trial was de
termined by a pseudo-random schedule to one of four stop marks
A, B, C, and D-such that each position occurred at least twice in
each list of nine trials. Stop marks were positioned at 20', 45', 315',
and 340' on the wooden annulus.

The dependent measure was the absolute angular separation be
tween the target angle and the location to which the subject pointed.

Procedure
Testing was conducted in a normally lit room and lasted for

about I h. Subjects sat in the chair throughout the experiment.
Each trial started in the straight-ahead position and was conducted
with subjects' eyes closed. The procedure for the subjects in the
near-space conditions will be described first. The critical changes
in procedure for the far-space conditions will be specified later.
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Table 1
Order in Which Subgroups Encountered Primary and Interference Tasks

Order

Subgroup II III III IV

First primary task b-e b-e e-c e-c
Order of interference tasks C~Ego~AlIo C~AlIo~Ego C~AlIo~Ego C~Ego~Allo

Second primary task e-c e-c b-e b-e
Order of interference tasks C~AlIo~Ego C~Ego~AlIo C~Ego~AlIo C~AlIo~Ego

Note-s-b-e, body-centered;e-c, environment-centered;C, control; Ego, egocentric; Allo, allocentric.

Subjects in the near-space group responded using their index
fingers to indicate locations on the perspex arc or wooden annulus.
They initially learned the position of the four colored spots in
preparation for the interference tasks by pointing to them with eyes
open. Subjects then practiced pointing to the spots with their eyes
closed. They pointed to a sequence of spots in a random order
when repeatedly prompted with the name of one of the four colors
by the experimenter. This procedure continued with feedback until
the subjects were consistently accurate to within 10'. The chair was
then rotated and subjects practiced pointing to the spots that had
not moved with the chair. Once subjects were again consistently
accurate to within 10', the first primary task to be performed was
explained.

In the body-centered primary task, the experimenter tapped the
target location on the perspex arc. Subjects pointed to the target
with their left hand, and the experimenter corrected their finger's
location if it was inaccurate. Subjects were then prompted by the
word back to bring their left hand down into their lap, and the chair
was immediately rotated by a single smooth movement to a prede
termined position (A, B, C, or D). After a 10-sec period, during
which the interference task occurred, or which was unfilled in the
control condition, the word go prompted subjects to recall the tar
get location "as if it has moved with you" by pointing to it with the
forefinger of their right hand-that is, the opposite hand to that
used in the initial pointing to target. The experimenter then
recorded the recalled location from the perspex arc or the screen.

The procedure for the environment-centered primary task was
identical with the exceptions that subjects were asked to recall the
target "as if the location has not moved with you" and the response
was measured in the near-space condition using the 360' wooden
annulus. Subjects again pointed to the recalled target position with
their right hand.

The 10-sec interval before the response was unfilled in the con
trol condition, but was filled by performance of an interference
task in the egocentric and allocentric interference conditions. For
the egocentric interference task, the perspex arc was used, whereas
the wooden annulus was used in the allocentric interference task.

The interference tasks began immediately following rotation of
the chair. The color names ofthe colored spots were read out by the
experimenter in a predetermined random order, and subjects were
required to point to the relevant spot with their left hand as quickly
as possible after each verbal prompt. Each prompt was issued on
the completion of the subjects' previous response, and as many
prompts and responses as possible were completed during the 10
sec interval. If on any trial a subject failed to point to within 10° of
any of the circles during the interference task, that trial was re
jected and repeated at the end ofthe block of trials.

For the subjects in the far-space version of the experiment, the
procedure was identical except for the following. Target positions
were presented initially by the experimenter tapping the 3-m dis
tant screen. Subjects responded by pointing to this position with a
narrow-beam flashlight, held in their left hand, and the experi
menter corrected their beam direction ifit was inaccurate. The sub
jects then returned the flashlights to their lap. After the 10-sec in
terval and the word go, they recalled the target position for that

trial by pointing with the flashlight beam, using their right hand.
The experimenter then recorded the location ofthe flashlight beam
on the screen.

In preparation for the egocentric interference task, subjects
practiced pointing with the flashlights beam to the colored spots,
which moved with the rotating chair, projected onto the 3-m distant
screen. As for the near-space task, subjects practiced pointing first
with eyes open and later with eyes closed. For the allocentric in
terference task, the colored spots remained fixed in position on the
screen as the chair rotated.

RESULTS

The means and associated within-subjects 95% confi
dence intervals (see Loftus & Masson, 1994) ofsubjects'
median absolute angular error per block oftrials are pre
sented in Figure 2.

A mixed 2 X 2 X 2 analysis ofcovariance (ANCOVA)
was conducted. Distance of primary task (near vs. far
space) was the between-subjects variable and the type of
primary task (body centered vs. environment centered)
and type of interference task (egocentric vs. allocentric)
were the within-subjects variables. Subjects' median ab
solute angular errors for the relevant (body-centered vs.
environment-centered) control condition were used as a
covariate.'

The covariate did not account for a significant pro
portion of the variance between the near- and far-space
groups [F(l ,21) = 1.47, p > .2, r = .28], nor between the
two versions of the primary task (F < I, r = .12). Sub
jects' pointing responses were more accurate across the
two interference conditions of the body-centered task
than in the corresponding conditions of the environment
centered task [F(l,21) = 5.15, P < .05]. The other main
effects did not reach significance (F < I). However, the
interaction between type of primary task and type of in
terference task was highly significant [F(I,22) = 76.62,
P < .0001].

The within-subjects confidence intervals in Figure2
clearly confirm that, for both near and far space, sub
jects' responses were significantly more accurate when
the interference task was performed in a different spatial
framework from the primary task than when the inter
ference task was performed in the same spatial frame
work as the primary task.

Figure 3 shows the means and associated 95% confi
dence intervals for a measure that reflects the strength
of the interaction between the primary and interference
tasks. From Figure 3, it can be seen that for both near and
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Figure 2. Means and within-subjects 95% confidence intervals of subjects' median absolute error scores in the near and far space tasks.

far space, the interaction was strongly significant (i.e.,
significantly greater than zero), and that the strength of
the interaction did not vary significantly between near
and far space.

There is a suggestion in the data of a possible asym
metry in the effects of the interference task in the spatial
framework different from that in the primary task. To ex
amine this, a separate 2 (distance: near vs. far) X 2 (con
dition: control vs. interference) mixed analysis of vari
ance (ANOYA)was conducted for each ofthe two primary
tasks. In these analyses, the median control condition er
rors were compared with the median errors for the condi
tion involving interference in the different spatial frame
work from that in the primary task. For the body-centered
primary task, the main effects of distance [F(I,22) =
1.00] and condition (F < I) and the interaction (F < 1)
were nonsignificant. For the environment-centered pri
mary task, the main effect of distance [F(l,22) = 1.87,
p> .05] and the interaction (F < I) were nonsignificant.
However, the effect of condition (i.e., egocentric inter
ference vs. control) was significant [F(l,22) = 6.53,
p < .05].

DISCUSSION

The most important results were that performance of
the body-centered primary task was significantly worse
in combination with the egocentric, rather than the allo
centric, interference task, whereas performance of the
environment-centered primary task was significantly
worse in combination with the allocentric, rather than
the egocentric, interference task. These results establish
a double dissociation between the performance of the
two primary tasks.

The dissociation provides the clearest indication to date
ofa functional separation between body- and environment
centered spatial coding. This dissociation is unlikely to
be an artifact of superficial differences between the pri
mary tasks or between the interference tasks, since each
pair of tasks was designed to differ only with respect to
whether the to-be-recalled locations remained stationary
in body- or environment-centered coordinates as the chair
rotated. The idea that allocentric spatial representation
exists only as an "emergent" property ofconcurrent ego
centric codings is not easily reconciled with these results.
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Figure 3. Mean strength of primary task x interference task in
teraction and within-subjects 95% confidence intervals for the near
and far groups. For each subject the strength of interaction was cal
culated as (BCego-BCallo) + (ECallo-ECego), where BC = body
centered primary task; EC = environment-eentered primary task;
ego = egocentric interference task; and allo = allocentric interfer
ence task.

A second note of caution concerns the completeness
of the demonstrated double dissociation. Whereas the in
terference in allocentric coordinates had no effect at all
on the egocentric (body-centered) primary task, the ego
centric interference task did impose ajust-detectable cost
on the environment-centered primary task. This small
asymmetrical effect may have resulted from the rapid
onset of the interference tasks immediately after rotation
of the subject's position. For pointing tasks, either near
or far, if the target direction is to be held constant in
environment-centered coordinates, it must of course be
recomputed following body rotation, whereas the target
direction in body-centered coordinates remains constant,
and so needs no updating. Consequently, any spatial in
terference task presented immediately after subject rota
tion risks disturbing the recomputation of target direc
tion for the environment-centered primary task. This
interpretation could be tested by repeating the present
experiment with a slightly longer delay between chair ro
tation and the start of the interference tasks. Even with
this qualification, it is worth noting that very few be
havioral double dissociations in the literature show any
thing near this degree of cleanness of the "crossover"
conditions.

As discussed in the introduction, there is neurophysi
ological and behavioral evidence for a variety ofdifferent
egocentric spatial reference frames, including retina-,
head-, trunk-, and possibly also shoulder- and hand
centered coding systems. In our experiment, target loca
tion was initially specified to the subject auditorily and
then also proprioceptively, but not visually, so that retino
topic coding was not available. Subjects were in any case
free to move their heads in the course ofa trial, and were
observed often to turn their heads both toward the initial
target and toward the distractor locations. Consequently,
head-centered spatial coding is unlikely to have been
useful as a fixed reference frame for a memorial code.
Moreover, since the opposite hands were used (1) to
point initially to the target and (2) subsequently to recall
its location, a hand- or shoulder-centered reference frame
was also irrelevant to performance of the task. Accord
ingly, the egocentrically specified locations were most
plausibly encoded in terms of a trunk-centered reference
frame.

The functional dissociation that we have demonstrated
between egocentric and environment-centered coding of
extrapersonal space can therefore be interpreted, more
specifically, as a dissociation between a trunk- or whole
body-centered framework, on the one hand, and a frame
work for environmental spatial locations that is effec
tively invariant over changes in body position, on the
other.

Clearly, behavioral data of this type can reveal little of
the neural realization ofthe systems from which they arise.
Conversely, studies of individual cell populations cannot
readily reveal the functional dissociability, or potential
informational encapsulation, of one representational
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There were no significant differences between the
near and far conditions of the experiment, which thus
provide a replication of each other. This implies that
body-centered spatial representation is by no means re
stricted to peripersonal or reaching space. Distal point
ing,like proximal pointing (perhaps also locomotion), ap
pears to be accessible to, and capable ofbeing guided by,
different spatial reference frames having either body
centered or environment-centered invariant coordinates,
and with approximately equal directional accuracy in
terms of either framework. This conclusion may be en
tered, with one caution-namely that target distance was
not an independent, trial-by-trial variable in this experi
ment. At least for proximal reaching, there is evidence to
suggest that the direction and distance of reaching move
ments are controlled independently (Chieffi, Allport, &
Woodin, in press; Gordon, Ghilardi, & Ghez, 1994). In
the present experiment, subjects did not have to specify
the distance of the target from the body with a high level
of accuracy; in both conditions they were required to
point at a constant distance from the body to indicate the
direction of the target, in one case with their index finger,
in the other with a flashlight beam. Although the physical
constraints of the apparatus used in this study would not
permit it, future investigations could usefully vary the
distance of the target from the body more systematically.
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subsystem from another. In combination, however, these
different approaches can be used to study both the local
implementation and the global organization of brain
functions. The experimental paradigm used in this ex
periment may be readily adapted for further, parametric
studies of the behavioral properties of egocentric and al
locentric spatial coding, and for possible neuropsycho
logical investigations, using either noninvasive record
ing or imaging techniques, and for studies of patients
with selective spatial disorders.
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NOTE

I. The control conditions were always performed as the first of the
three blocks of trials involving the same version of the primary task.
Thus to include them as a third level of the type of interference task
factor would have confounded the counterbalancing of the ordering of
conditions.

(Manuscript received August 7, 1996;
revision accepted for publication July 3 I, 1997.)


