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Spatial updating in blind and sighted people

MARK HOLLINS and ELIZABETH K. KELLEY
University of North Carolina, Chapel Hill, North Carolina

Four experiments were carried out to determine the accuracy with which early-blind and blind
folded sighted subjects could indicate the remembered positions of objects. Experiment 1 showed
that the position of a single object can be recalled, usually with little decline in accuracy, for
at least 24 min. Experiment 2 indicated that the recalled position of one object exerts little, if
any, influence on the recalled position of an adjacent object. Experiments 3 and 4 dealt with "up
dating," the ability to examine objects from one location, then walk to a new location, and from
there indicate the positions of the objects. Both groups of subjects demonstrated good updating
ability when the method of responding was to replace objects in their original positions; when
required to point to objects, however, blind subjects made significantly larger errors than sighted
subjects. The pattern of errors suggested distorted recall ofthe stimulus field rather than an in
ability to transform spatial information.

On tests of spatial ability, particularly those that depend
on the manipulation of mental representations, subjects
who became blind at an early age often perform at a lower
level than blindfolded, sighted persons (Marmor & Za
back, 1976; Rieser, Guth, & Hill, 1982, 1986; Witkin,
Birnbaum, Lomonaco, Lehr, & Herman, 1968; Worchel,
1951). Extensive experimental analysis is often needed
for a complete understanding of such differences,
however, for it is not always clear to what cognitive, per
ceptual, or motor factors a given difference in perfor
mance is attributable. For example, data that seem to in
dicate a relative slowness of mental rotation in blind
people (Marmor & Zaback, 1976)may instead reflect only
a greater stability of their haptic frame of reference (Car
penter & Eisenberg, 1978; Hollins, 1986).

One important spatial ability on which early-blind and
blindfolded sighted people have been reported to differ
is "spatial updating" (Rieser et al., 1982), or sensitivity
to ••changes in the structure of their perspectives" (Rieser
et al., 1986). These terms refer to a person's ability to
alter his or her ideas as to where objects in the environ
ment are located, with respect to him- or herself, when
moving among them. For example, suppose a blind man
were facing a tree, and then made a 1800 tum in place;
if he subsequently knew, without depending on new sen
sory information, that the tree was behind him, he could
be said to have accomplished a certain amount of spatial
updating.
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form in the Bulletin of the Psychonomic Society, 23, 278. Correspon
dence should be addressed to the first author at the Department of Psy
chology, Davie Hall, University of North Carolina, Chapel Hill, NC
27514.

The importance of updating was emphasized by Rieser
et al. (1982), who distinguished this component of spa
tial cognition from knowledge of layout. They suggested
that a person may acquire a firm knowledge of where ob
jects are located with respect to each other, and to the
self, and yet have difficulty in modifying that knowledge
to take his or her own movements into account. To as
sess the dependence of updating ability on prior visual
experience, they asked early-blind, late-blind, and blind
folded sighted individuals to enter an unfamiliar room,
to let themselves be guided from a starting location to a
number of objects, one at a time, and then to demonstrate
their knowledge of the positions of the objects by point
ing to them from the starting location; after this, the sub
jects were again guided to the location of one of the ob
jects, and then asked to point from there to the remaining
objects. Although the three groups of subjects were com
parable in the accuracy of their points from the starting
location, they differed dramatically in their ability to point
from the second location. The sighted subjects were the
most accurate, closely followed by the late-blind subjects;
the pointing errors of the early-blind subjects, in contrast,
were nearly three times as great from the new location
as they had been at the starting location. Comparable data
were obtained in an extensive follow-up study by the same
authors (Rieser et al., 1986). The authors attributed the
large errors of the early-blind group to a relative inabil
ity on their part to keep track of their changing relation
ships to their environment during locomotion.

The present study was designed to test the generality
of the findings of Rieser et al. (1982, 1986) in two ways.
First, a smaller experimental area was used: a tabletop,
on which subjects were able to locate objects rapidly and
without assistance. Because there is evidence that differ
ent factors affect the ability to process spatial informa
tion in near and far space (Warren, Anooshian, & Bol
linger, 1973), a determination of whether updating ability
follows the same rules in the two types of situations would
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Figure 1. Diagram of the apparatus, showing the original pointer
protractor assembly (used in all four experiments), and the "new"
one (used in Experiments 3 and 4 only). Only one assembly was
present on the table at any given time, except when the subject was
in the process of moving from one response station to the other. Also
shown are the locations (1, 2, and 3) of the test objects used in Ex
periments 1 and 2 and of their respective distractors (1D, 2D, and
3D) in Experiment 2.

for all subjects. Object locations for Experiments 3 and 4 were
selected randomly, their x and y coordinates (in centimeters) being
obtained from a table of random numbers. For the learning phase
of each run, the objects were affixed to the table with sticky wax;
before the testing phase began, the wax was completely removed.
The learning phase always took place with the subject standing be
hind a particular one of the pointers; this will be referred to as the
"original" pointer (or original response station); the other pointer,
located 90° clockwise from this, will be called the "new" pointer
(response station).
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Procedure
Before entering the experimental room, which they had never

seen, sighted subjects were blindfolded with a pair of flexible safety
goggles covered with electrician's tape and adhesive-backed velour
paper. The goggles were strapped firmly to the subject's head, so
that the flange was pressed against the skin all around; in response
to questioning, the subjects said they could see nothing, a state
ment that was confirmed by the surprise all but 1 of them showed
at the (small) size of the apparatus when the goggles were removed
at the end of the last session. Blind subjects also wore the goggles
to control for any distracting effects of the goggles themselves.

Each subject was tested individually in a series of 9O-min ses
sions separated from one another by at least 24 h. Three sessions
were needed for Experiments 1 and 2 together; an additional three
sessions were needed for Experiments 3 and 4. A 15-min break
was given in the middle of each session.

Preliminary experiments. The purpose of Experiment 1 was to
familiarize the subjects with the apparatus, and to determine whether
their memory for the location of an object would decline or change
appreciably over the course of a run. In each of the three runs making
up this experiment, the subject was asked to stand behind the original
pointer, to examine, by touch, an object attached to the table with
wax, and then to point to it intermittently over the course of 25 min.

Subjects
Blind subjects. There were 5 blind subjects, 3 females and 2

males, ranging in age from 19 to 36 years. Two had been born blind
due to prenatal glaucoma, and another 2 had lost their sight shortly
after birth as a result of retrolental fibroplasia. These 4 subjects
were totally blind. A 5th subject had been born with impaired vi
sion due to prenatal glaucoma; hisvision gradually grew worse until,
by age 7, he was left with light perception only, which he still re
tains. This subject may thus be considered intermediate between
early- and late-blind. His data, however, were quite consistent with
those of the other blind subjects, closely resembling the group me
dians. All 5 subjects participated in each of the four experiments.

Sighted subjects. There were 6 sighted subjects, 4 females and
2 males, ranging in age from 19 to 21 years. All had normal vi
sion. One (female) participated in Experiments 1 and 2 only, while
another (male) participated in Experiments 3 and 4 only. The other
subjects participated in all four experiments. Thus, there were 5
sighted subjects in each experiment.

All subjects were naive with respect to the purposes of the study.

help to define the range of conditions over which Rieser
et al.'s (1982) analysis applies.

As a second way of exploring the generality of Rieser
et al.'s (1982, 1986) findings, we used an additional type
of response: subjects were asked not only to point to ob
jects, but also to replace objects in their proper positions
on the table. It was hoped that, through this use of con
verging operations, the present study would be able to
provide new information regarding the nature of the
difficulty in updating experienced by early-blind subjects.

Four experiments were carried out. Experiments 1 and
2 explored the feasibility of requiring subjects to recall
object positions for as long as 24 min, and assessed the
vulnerability of memory for a test object to interference
from haptic inspectionof a nearby distractor object. These
preliminary experiments laid the groundwork for an in
vestigation of updating, using two types of responses:
pointing (Experiment 3) and replacing (Experiment 4).

METHOD

Apparatus
The apparatus was a 92-em-high table made from a disk of PIexi

glas, 91.4 em in diameter, that was securely mounted on a steel
barrel. Sheets of plastic, ruled in millimeters, were attached to the
underside of the tabletop so that positions on the table could be speci
fied. Two small threaded holes in the tabletop, near the edge and
separated from one another by 90°, allowed pointer-protractor as
semblies to be attached (Figure 1). The pointers were l-cm-wide
Plexiglas strips, tapered to a blunt point at the front, which could
be swiveled about a pivot at the back end. The pointer was pivoted
at the center of the protractor, and the direction in which the pointer
was aimed could be read from the scale with an accuracy of about
10' arc. For most of an experimental session, only one or the other
of the pointer-protractor assemblies was attached to the table. As
far as the experimenters could determine from careful and continuous
observation, no subject ever discovered, while standing at one pro
tractor, the hole in the table marking the position of the (absent)
other protractor.

The subject's task was to learn, and later to recall, the location
of small objects placed on the table. These were everyday objects,
no more than 2 em in size, such as an aspirin, a pebble, and a ball
of aluminum foil. The same set of objects and positions was used
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Once the testing phase had begun, the subject was asked not to reach
out onto the table beyond the confines of the protractor, a restric
tion that was also observed in Experiments 2 and 3. After each
response, the experimenter recorded the direction of the pointer,
and then moved it a variable, but usually substantial, distance to
the left or right. Blocks of five trials each (beginning at 0, 6, 12,
18, and 24 min following the removal of the stimulus) were inter
spersed with short breaks during which the subject sat at a nearby
desk and assembled objects out of interlocking plastic bricks.

The first two such runs (separated by a break) made up the first
session; the third was carried out at the beginning of the second
session. A different object in a different position was used in each
run.

The purpose of Experiment 2 was to learn whether memory for
the location of one object is subject to any spatial distortion when
a second object is introduced into the field. Since later experiments
were to make use of groups of objects, it was thought advisable
to learn beforehand, insofar as possible, whether interactions would
occur between remembered locations. The procedure for this ex
periment was identical to that of Experiment 1, except that at II min
following the removal of the test stimulus, a distractor object, clearly
different from the test object, was attached to the table, and the
subject was asked to examine this new object and remember its 10
eation. In fact, the subject was never tested on his or her memory
for the position of the distractor object; instead, the issue was
whether the introduction of the distractor would influence the
remembered location of the test object in subsequent trials within
the run. The test objects used in the three runs of Experiment 2
were different from those in Experiment I, but their respective 10
eations were the same as in the first experiment, in order to allow
the closest possible comparison of pointing responses obtained in
runs with and without a distractor. All stimulus positions are speci
fied in Figure I. This experiment occupied half of the second and
all of the third session for each subject; thus, the two runs employ
ing a given test position never took place on the same day.

Main experiments. The purpose of Experiment 3 was to mea
sure the ability of the subjects to take changes in their own posi
tion into account when pointing to a given set of objects from two
different directions. The design of the experiment was for the sub
jects to learn the positions of objects while standing at the original
pointing station, and then to point to those locations from each point
ing station. The experiment began with the subject's being asked
to locate and learn the position of a particular object, named by
the experimenter. This was the only stimulus object present on the
table. After the subject hadlocated and examined it, the experimenter
removed it and attached the next object in the series to (a different
position on) the table. After all five objects had been individually
presented, the subject was asked whether he or she wanted to ex
amine any of them a second time; the subjects usually asked for
one or two of the objects to be presented again. Testing was not
begun until the subject expressed confidence in his or her knowledge
of the objects' positions. It is important to emphasize that all learn
ing took place while the subject was standing at the original pointer.
The "new" pointer-protractor assembly was not present on the ta
ble at this time; it was brought and attached to the table only when
it was needed during testing.

In thetestingphase, which immediately followedthe learning phase,
responses from the two pointers were obtained in one of two orders.
Subjects either made a series of responses from the original pointer
and then moved to the new pointer for a second series (type A runs)
or they went to the new pointer at the beginning of testing, made
a series of responses, and then returned to the original pointer for
a final series (type B runs). Runs of the two types were counter
balanced for each subject, the order being ABBA for 3 subjects in
each group, and BAAB for the others. Experiment 3 took two ses
sions, with two runs, separated by a break, making up each session.

For the first series of trials within a run, the subject was instructed
to stand at a specific pointer and to use it to point to each of the

objects as it was named by the experimenter. Only this one pointer
protractor assembly was present on the table. The objects were
named five times each, in random order, subject to the constraint
that each be named once before any was named twice, and so on.
After recording each response, the experimenter turned the pointer
a variable distance to the right or left.

Upon completion of these 25 trials, the experimenter attached
the other pointer to the table, and the subject was asked to walk
alongside the table until he or she reached this second pointer. The
subject was encouraged to maintain contact with the tabletop while
walking and, on reaching his or her destination, to examine both
pointers simultaneously in order to obtain a clear impression of their
relative locations. After this, the pointer at which the subject had
already been tested was removed from the table. These same steps
were followed whenever the subject went from one pointer to the
other. Twenty-five trials were then carried out from the second
pointer, the same objects being named five times each according
to a new random order. This completed a run.

The overall plan of Experiment 4 was similar to that of Experi
ment 3, except that subjects responded during the testing phase by
replacing objects on the table rather than pointing to them. The ex
periment began with subjects standing at the original response sta
tion and examining five objects, which were attached to the table
one at a time, just as in Experiment 3. These were new objects,
in new positions. Once the subject expressed confidence in his or
her knowledge of the objects' positions, the testing phase began.

During testing, the experimenter handed the subject a single ob
ject, named it, and asked the subject to replace it in its original
position on the table. After the response had been made, the ex
perimenter recorded the x and y coordinates of the object's posi
tion, removed the object from the table, and handed the subject the
next object in the series. Replacement trials were somewhat more
time consuming than pointing trials, so runs were limited to three
trials with each of the five objects from each response station. They
were arranged in random order, subject to the same constraint used
in the previous experiment. After an initial series of trials at one
response station, the subject walked alongside the table until he or
she reached the other response station, following the procedure
adopted in Experiment 3, and then a second series of object replace
ments was made from this location.

Within a given run, the subjects were tested either first at the
original response station and then at the new response station or
the reverse. The single session devoted to Experiment 4 comprised
two runs, one of each type. The type A run came first for 3 sub
jects in each group and second for the remaining subjects.

Considering Experiments 3 and 4 together, there were a total of
six runs, in each of which 5 objects were employed. Each of these
30 objects was in a different position, with these positions the same
for all to subjects. Thus, for every object, the median response
of all subjects within a group could be calculated.

The order of Experiments 3 and 4 was counterbalanced across
subjects: The single replacing session preceded the two pointing
sessions for 2 subjects in each group, followed pointing for 2 others,
and was executed between the two pointing sessions for the 5th sub
ject in each group.

RESULTS

Preliminary Experiments
Experiment 1. The data of Experiment I, in which

subjects pointed repeatedly at a given object over the
course of a run, are illustrated by the open symbols in
Figure 2. Triangles represent data for the blind subjects,
and circles represent data for the sighted subjects. Because
a subject's five responses within a block of trials were
usually in close agreement (standard deviations typically
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Main Experiments
Magnitude of error. In Experiment 3, the ability of

subjects to update their knowledge of spatial layout was
assessed by requiring them to point at a given object from
two different response stations. A subject's five pointing
responses to a given object from a given response station
were averaged, and this mean was used in subsequent cal
culations that combined data across subjects or objects.
Errors were expressed as the absolute value of the angu
lar difference between the subject's mean response and
the correct orientation of the pointer.

In Experiment 4, a subject's three replacement re
sponses with a given object and from a given response sta-

responses sometimes drifted substantially over the course
ofa run, and in some cases even the group data for a par
ticular object show such drifts. Drifts toward the correct
direction were almost as common as drifts away from it,
however, so that there was no consistent tendency for er
rors to increase over the course of a run.

Experiment 1 showed that our subjects were able to
point in the approximate direction of objects for at least
24 min, and probably longer, following their last contact
with the object. This result made clear the feasibility of
more elaborate experiments (3 and 4) in which the test
ing period was, by necessity, of about this duration. Tem
poral drifts in the Experiment 1 data, however, suggested
the desirability of counterbalancing the conditions of such
later experiments, a precautionary step that was incorpo
rated into their design .

Experiment 2. The question addressed by this experi
ment was whether haptic examination of one object would
influence the subject's memory for the location of another
object through interference, field effects, or any other
mechanism. The procedure was identical to that of Ex
periment 1, except that during the 12th minute following
the removal of the test stimulus, the subject was instructed
to inspect and recall the position of a distractor object
fastened to the table a short distance from the position
previously occupied by the test object.

The results of Experiment 2 are shown by the filled
symbols in Figure 2, where once again triangles show the
data of the blind subjects and circles, the data of the
sighted subjects. The lower, middle, and upper arrows
indicate, respectively, the angular position (see Figure 1)
and time of presentation of the first, second, and third
distractor objects. Any effect of a distractor would
presumably show up as a measurable shift in subsequent
responses to the test object, especially for the block of
trials beginning at 12 min, when compared with the data
obtained earlier in the run. However, no consistent shift,
either toward or away from the position of the distractor,
is seen at 12 min for any of the objects. This result im
plies that interactions among memories of the locations
of different objects are not a major factor in this situa
tion, and thus supports the feasibility of using multiple
objects in the main experiments.
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Figure 2. Median directions of pointing in the preliminary experi
ments, for sighted (circles) and blind (triangles) subjects. Data in
the lower, middle, and upper regions of the graph refer to runs us
ing test objects located at Positions 1, 2, and 3 (seeFigure 1), respec
tively. That the presentation of a distractor at 11 min bad no con
sistent effect on the data can be seen by comparing the results of
Experiment 2 (filled symbols) with those of Experiment 1 (open sym
bols), in which no distractor was used. The dashed lines indicate
the direction from the center of the protractor to the actual loca
tions of the test objects; the lower, middle, and upper arrows show
the direction and time of presentation of distractors indicated in
Figure 1 as 1D, 2D, and 3D, respectively.

being on the order of 20-40), the mean of these five values
was determined and used in subsequent calculations. To
combine data across subjects, however, the median of
these means was taken, since it is not clear that the abili
ties being measured are normally or even unimodally dis
tributed within the blind population. Each symbol in
Figure 2 represents the across-subject median direction
of pointing at a particular object, for the series of
responses beginning at the time indicated on the abscissa.
Data for the three objects used in the different runs of
the experiment are shown in the lower, middle, and up
per parts of the figure, respectively. The dashed horizontal
lines show the actual direction in which each object was
located: roughly 21 0 to the left of straight ahead for ob
ject 1, 7 0 right for object 2, and 48 0 right for object 3.

The data indicate that subjects recalled, and were able
to point in, the general direction of the objects. That is,
they pointed roughly straight ahead for object 2 and to
the left and right of straight ahead for objects 1 and 3,
respectively. Accuracy was not high, however: median
errors were approximately 8.2 0 for the sighted subjects
and 5.5 0 for the blind subjects. This difference between
the groups was not statistically significant (two-tailed
Mann-Whitney U test, p > .05). Individual subjects'
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tion were-like the pointing responses-usually in close
agreement. The x coordinates of the three responses were
averaged, as were their y coordinates, to give a mean
replacementposition. To facilitate comparison between the
pointing and replacing data, replacement locations were
expressed in terms of their radial direction from the pivot
of the pointer-protractor assembly at which the subject
stood while responding. As in Experiment 3, error scores
were then obtained by calculating the absolute value of the
difference between the subject's mean response and the
direction in which the object had originally been located.

The sizes of errors in all conditions of Experiments 3
and 4 are shown in Figure 3. The height of each bar shows
the median error for a particular condition, combined first
across objects for each subject and then across subjects
within each group. Open bars indicate errors made from
the original response station, and hatched bars show er
rors made from the new response station.

The open bars on the left side of the histogram indicate
that the two groups of subjects pointed fairly accurately
from the original response station; from the new station,
however, performance was not so good. The difference
in median pointing errors between the two response sta
tions was of moderate size in the case of the sighted sub
jects and very large in the case of the blind subjects. Both
differences were statistically significant (one-tailed Wil
coxon tests,p = .031 in both cases). Direct comparisons
of the two groups, using one-tailed Mann-Whitney
U tests, showed that the median pointing errors of the
blind subjects were significantly larger than those of the
sighted subjects at the new response station (p = .016)
but not at the old (p > .05).

These data are in close agreement with those of Rieser
et al. (1982, 1986), and extend the generality of their find
ings by showing that, on a pointing task, early-blind sub
jects demonstrate little updating ability, even when tested
on a stimulus field smaller by an order of magnitude than
the ones used in their experiments.

However, the replacing errors from Experiment 4,
shown on the right in Figure 3, show a different pattern.
Here median performance was excellent not only from
the original pointer, but from the new one as well. The
difference in accuracy between the two response stations
was insignificant (one-tailed Wilcoxon test, p > .05) for
both the sighted and blind subjects. Moreover, the me
dian errors of the blind subjects were not significantly
different from those of the sighted subjects at either
response station (one-tailed Mann-Whitney U tests,
p > .05). Thus, when asked to use replacement as a
method of responding, both blind and sighted subjects
demonstrate considerable updating skill.

To ensure that expressing replacement responses in an
gular form did not cause the loss of important informa
tion regarding response accuracy, statistical tests were also
carried out on the linear errors of the subjects' replace
ments, both in the table's x dimension (horizontal in
Figure 1) and in the y dimension (vertical in Figure 1).
In neither dimension were the errors of the blind subjects
significantly larger at the new response station than at the
original station; the same was true for the sighted sub
jects (one-tailed Wilcoxon tests, p > .05 in all cases).
When the errors of the blind subjects were compared with
those of the sighted subjects using Mann-Whitney U tests,
replacement responses of the former group were found
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Figure 3. Summary of the data of Experiments 3 Oeft) and 4 (right), with
median errors in responding from the original pointer (open bars) and from
the new pointer (hatched bars) shown separately for the sighted and blind
subjects. These values were obtained by determining the median, across
subjects within a group, of the individual subjects' median errors for a par
ticular condition.
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Figure 4. Replacing responses of the sighted subjects. Direction
of response, defined as the direction from the center of the protrac
tor at which the subject stood while responding to the location in
which he/she replaced each object, is plotted as a function of the
direction from the same protractor to the original location of the
object. Open symbols show responses made from the original sta
tion; filled symbols show responses from the new station.
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the subject placed each object. Directions are expressed
with respect to straight ahead (i.e., toward the center of
the table), from whichever pointing station he or she oc
cupied at a given time. Abscissa values are the directions
to the position in which each test object had been located
during the learning phase-in other words, the directions
in which the subject "ought" to have responded.

The proximity of most of the measurements to the di
agonal indicates that these subjects had fairly accurate
knowledge of where most of the objects had been. They
were nearly as accurate from the new response station as
they were from the original one, a result that shows them
to be capable of updating their knowledge of spatial rela
tionships to take into account their own altered locations.

Figure 5 shows the median replacement data for the
blind subjects. As in the previous figure, filled and open
symbols lie about equally close to the diagonal, a result
that indicates good spatial updating ability .

Median pointing responses for the sighted subjects are
plotted in Figure 6. The responses made from the origi
nal pointer were quite accurate, but there is a suggestion
of somewhat larger errors in pointing from the new sta
tion. As stated in connection with Figure 3, this differ
ence in error magnitude between the two pointers is
statistically significant. Moreover, there is some con
sistency in the errors made from the new pointer: most
of the filled circles lie above the diagonal, showing that
from this station the sighted subjects tended to point
slightly to the right of the correct direction. On the whole,
however, performance is fairly good.

The pointing data for the blind subjects, plotted in
Figure 7, contrast sharply with those of the sighted sub
jects. Here errors from the new pointer are very large:
most of the filled circles lie well above the diagonal. The
blind subjects thus tended to point far to the right of the

-40 80
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Figure 5. Replacing responses of the blind subjects. Conventions
as in Figure 4.

Sighted
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40

to bemarginally less accurate in the x dimension than those
of the latter group, at the original station (p = .048, one
tailed). However, there was no statistical difference be
tween the groups in x-dimension errors when subjects
stood at the new station, or in y-dimension errors at either
station (p > .05 in all three cases). Thus, the analysis
of dimensional errors confirms the overall picture of
replacement accuracy obtained when responses are ex
pressed in angular form.

Taken together, the data of Experiments 3 and 4 indi
cate that, when they move from place to place, many blind
subjects, like sighted ones, can keep track of their sur
roundings, but are unable to demonstrate this updating
ability if required to use pointing as a response mode. The
reasons for this powerful effect of response mode can
not, however, be determined by considering just the mag
nitude of errors: it is also necessary to examine the types
of errors made by the subjects.

Patterns of error. To determine whether there were
any consistent differences in the types of errors made by
the two groups of subjects or with the two response
modes, median responses for each object were calculated.
These are shown in Figures 4 through 7, which are simi
lar to one another in format.

Plotted in Figure 4 are the replacement responses of
the sighted subjects. The open symbols represent
responses made from the original response station, and
the filled symbols represent replacements made from the
new station. On the ordinate is plotted the direction from
the hub of the protractor to the spot on the table where
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the table before replacing the objects. The updating abil
ity of the sighted subjects, in contrast, was nearly equiva
lent under the two sets of experimental conditions.

How are these results to be explained?
One important factor in producing the differences in

accuracy between pointing and replacing responses was
probably the greater amount of haptic exploration per
mitted the subjects in Experiment 4. It will be recalled
that when pointing, subjects were instructed not to reach
out onto the table again, but to keep their hands in the
vicinity of the protractor. When replacing, however, it
was by definition necessary that they reach out onto the
table again. In doing so, they generally sought and lo
cated the edge of the table in one or more places, before
deciding where to position the object.

How could this help subjects?No doubt it did so to some
degree by allowing them to capitalize on remembered
clues, such as the distance of an object from the edge of
the table. A subject who recalled that, say, the piece of
sponge was a handspan' s distance from the edge would
probably try to use that information in repositioning it.
But, by themselves, facts of this kind would be of very
limited value, given that the table was round and feature
less. Unless they were able to update, subjects would have
no way of knowing from what point on the table's edge
the sponge was a handspan's distance. Clues obtained by
reaching onto the table could not, in other words, substi
tute for updating. What they apparently did instead was
to allow the blind subjects to demonstrate that updating
had already taken place. But how? And why was perfor
mance distorted in such a systematicway when these clues
were withheld (i.e., in the pointing condition)?

The answer, we believe, is that during testing the blind
subjects had a distorted memory of distances on the ta
ble. We propose that, soon after these subjects haptically

Figure 7. Experiment 3 pointing responses of the blind subjects.
Conventions as in Figure 6.
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Figure 6. Experiment 3 pointing responses of the sighted subjects,
plotted as a function of the actual direction (from the center of the
protractor at which the subject mMldwhileresponding) to the original
location of eachtest object. Open symbols sbowresponses made from
the original station; filled symbols show responses from the new
station.

correct direction. The open circles show that responses
from the original pointer were much more accurate, but
they too show a consistent pattern of errors-one that is
different from that demonstrated by the filled circles.
From the original station, these subjects pointed too far
to the left for objects located on their left and too far to
the right for objects located on their right.

These qualitative, as well as quantitative, differences
in pointing behavior from the two response stations lend
themselves to a simple interpretation that is also consis
tent with the fact that the updating ability of blind sub
jects is much greater when replacement is the response
mode. This hypothesis is discussed below.

The experiments reported here have examined the abil
ity of early-blind and blindfolded sighted subjects to take
their own changed positions into account when recalling
the positions of previously examined objects. Our major
finding is that the ability of early-blind people to do so
depends on the type of behavioral response they are re
quired to use. When asked to point to the locations of ob
jects, the blind subjects in the present study had substan
tial difficulty in updating, a result consistent with the
findings of Rieser et al. (1982, 1986). When instructed
to replace objects in their original positions on the table,
however, the same blind subjects demonstrated a much
greater degree of updating skill: accuracy was not sig
nificantly affected by whether they were still standing at
their original station or had walked part of the way around
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Figure 8. Distortion of spatial memory proposed to explain the
patterns of pointing errors obtained in Experiment 3. The filled sym
bols represent the actual positions of two (hypothetical) objects; the
open symbols show their recalled positions. In accordance with the
hypothesis offered in the text, forward dtstances are iUustrated as
being reduced in memory, compared with left-to-rigbt distances.
Heavy lines extending from the pointers to the recalled positions
represent the directions in which subjects point during testing; the
thin lines show the directions in which an ideal subject would point.
This model predicts that pointing errors wiDusually be larger from
the new pointer than from the old.

examined objects during the learning phase ofa run, their
memory for the locations of those objects underwent a
systematic transformation, with recalled fore-and-aft dis
tances shrinking relative to side-to-side distances. Figure 8
illustrates this hypothesis. The filled symbols show the
true positions of two (hypothetical) objects on the table;
shortly after being examined, their recalled positions shift
to the positions indicated by the open symbols. Although
we consider it likely that the subject's memory for the
dimensions of the table itself undergo a corresponding
change, for the sake of simplicity this is not represented
in the figure.

The solid lines in the figure illustrate the effect of these
hypothesized distortions on pointing responses. The thin
lines emanating from the original pointer show the cor
rect directions to the objects; the heavy lines show the
directions in which the subject actually does point. Note
that leftward errors are made for objects on the left and
rightward errors are made for objects on the right; note
also that these errors are not very large. When the sub
ject moves to the new pointer, however, the objects will,
in memory, be located to the right of their true positions.
The subject's errors will therefore all be rightward ones,
and will generally be larger than those made from the
original pointer. Note that this explanation of the pattern
of errors shown in Figure 7 is consistent with, and in fact
depends on, good updating ability.
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