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Individual differences in the capacity limitations
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sighted and totally congenitally blind people
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The study of visuospatial imagery processes in totally congenitally blind people makes it possi­
ble to understand the specific contribution of visual experience for imagery processes. We argue
that blind people may have visuospatial imagery processes, but they suffer from some capacity
limitations. Similar, although smaller, limitations and individual differences may be found in
sighted people. Visuospatial imagery capacity was explored by asking people to follow an imagi­
nary pathway through either two- or three-dimensional matrices ofdifferent complexity. The blind
appear to use specific visuospatial processes in this task (Experiments 2 and 3), but they have
difficulty with three-dimensional matrices; sighted people have no such difficulty with three­
dimensional matrices (Experiment 1). On the other hand, when a three-dimensional pattern ex­
ceeded sighted capacity, the blind and sighted showed similar patterns of errors. Subsequent anal­
yses suggested that both viauospatial processes and verbal mediation were used.

A large part of the literature on visuospatial imagery
processes in blind people has focused on the consequences
of the absence of visual experience in cognitive processes
typically attributed to imagery. The most obvious assump­
tion has been that. if visuospatial imagery is essentially
the by-product of visual experience, people who have
never had any visual experience (e.g .. the totally congen­
itally blind) should fail or at least behave differently from
the sighted in tasks that presumably require the use of
visuospatial imagery. Relevant evidence is contradictory ,
however. On the one hand, blind and sighted people show
identical performance in a variety of cognitive tasks, such
as mental rotation (Marmor & Zaback, 1976), mental
scanning (Kerr, 1983), memory for high imagery stimuli
(Craig, 1973), and memory following visual imagery in­
structions (Jonides, Kahn,& Rozin, 1975). As ZimIer and
Keenan (1983) suggest, an obvious conclusion is that these
tasks do not require (or do not necessarily require) the
use of imagery. On the other hand, Kerr (1983) argues
that blind people may have visual images. De Beni and
Cornoldi (1988) agree and contend that the integrity of
other sensory modalities and of the visuospatial cortical
area may generate visual images whose sources of infor­
mation can be perceptual, but not visual. They also ar­
gue that the main purpose of research on visuospatial im­
agery in the blind should focus on its specific limitations
as an opportunity to find the conditions under which visual
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experience is critical for visuospatial imagery. They fur­
ther suggest that a specific limitation may be found in
visuospatial buffer when it is highly loaded.

Research on visuospatial imagery has focused on the role
of visuospatial short-term memory in the generation and
maintenance of visual images (Baddeley, 1986; Kosslyn,
1980). In a recent review of the literature, Logie (1990)
examined the convergence of different approaches, with
particular reference to Kosslyn's "visual buffer" and to
Baddeley's "visuospatial sketch pad." These concepts,
particularly that of the visuospatial sketch pad, have clear
implications for the capacity of visuospatial short-term
memory.

Baddeley's (1986) working-memory model proposes a
central executive system and different slave systems
related to different sensory modalities. Verbal and visuo­
spatial components of short-term memory are considered
independent and parallel in some respects. Baddeley sug­
gests that the same problems analyzed for the verbal com­
ponent, the articulatory loop, should be considered for
the visuospatial component, the visuospatial sketch pad
or scratch pad, but admits relevant research is still
sketchy. One deficiency is the capacity of the visuospatial
component (see Logie, 1989, for a short review).

Kerr (1987) studied the capacity of people's visual
working memory while processing either two- or three­
dimensional visuospatial information of different levels
of complexity. Subjects were required to imagine square
matrices or cubes formed by an increasing number of units
and to follow a mental pathway to its final position. The
result was a new measure for testing visuospatial working­
memory capacity.

In our opinion, this measure has a number of advan­
tages. It is not restricted to two-dimensional shapes, and
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it allows the exploration of the visuospatial sketch pad,
reasonably unrestricted by language or by other strong
constraints. The procedure also permits the measurement
of short-term memory capacity while information under­
goes some processing. The latter advantage is important
because tasks requiring the processing of maintained in­
formation differ from simple tests of recall of configura­
tions (e.g., Phillips & Christie, 1977), in that some
cognitive resources (perhaps the activity of a central
executive, Baddeley, 1986) are required by the task car­
ried out on the maintained information. This reasoning
suggests that the task involving information maintained
in short-term memory should be simple and easily avail­
able to each tested subject. In this respect, the task of fol­
lowing a mental pathway appears simple, and its success
seems fundamentally due to the possibility of maintain­
ing in memory the configuration along which the subject
has to move mentally.

Kerr's (1987) main result was that the capacity limita­
tions of visuospatial short-term memory are defined by
the number of units per dimension, not by the number
of represented units. Subjects easily processed three units
independently of whether two dimensions (as in a 3 x 3
matrix for a total of nine units) or three dimensions (as
in a 3 x 3 x 3 matrix for a total of 27 units) were involved.
When the memory load exceeded this limitation, the num­
ber of units became relevant; at an even number of units,
three-dimensional shapes were easier to process; at an
even number of units per dimension, two-dimensional
shapes are easier.

Kerr's (1987) results are partially counterintuitive,
given the fact that three-dimensional patterns could be
more difficult not only because they involve a larger num­
ber of units, but also because they have some concealed
units, which, according to some authors (e.g., Keenan
& Moore, 1979), should be difficult for imagery. For ex­
ample, in a cube made up of 27 small cubes and placed
on a desk, the central cube is not visible from any per­
spective and the six lower back cubes cannot be seen from
the spectator's point of view. The fact that subjects did
not have difficulty with them confirms Neisser and Kerr's
(1973) data that imagery can process parts that are invisi­
ble from a perceptual point of view.

The main purpose of the current research was to ex­
plore the generality and the specifications required for
Kerr's (1987) conclusions. We hypothesized that, with
verbal short-term memory capacity, individual differences
would appear in visuospatial short-term memory. We first
examined this issue from the point of view of the totally
congenitally blind, because research on these subjects
seems particularly promising with respect to the problem
of imagery limitations. De Beni and Cornoldi (1988)
found that totally congenitally blind subjects were able
to take advantage of instructions to create interactive im­
ages as effectively as sighted subjects when the load was
small (one or two items) but failed when the memory load
was increased. Cornoldi, De Beni, Roncari, and Romano
(1989) then found that blind subjects' deficit was specific

to imaginal processing and was absent when verbal strate­
gies were required. They argued that the blind are able
to create visual images, but with specific capacity limita­
tions. The current research used Kerr's (1987) adapta­
tion of Attneave and Curlee's (1983) paradigm to test the
hypothesis that totally congenitally blind people, too, may
create and use visuospatial images, but they have limita­
tions. Furthermore, we wanted to explore whether the
number of dimensions had the same effect on blind as on
sighted people.

We hypothesized that visuospatial short-term memory
of the blind would be more limited by the number of
dimensions than would comparable performance by the
sighted. Although this problem has not been directly ex­
amined in the literature, some evidence suggests that blind
people have difficulty with depth. For example, Millar
(1975) observed that blind children had more difficulty
than did sighted children in reproducing the more distant
position of a five-sided open maze. Similar difficulties in
the reproduction of distant positions were also observed
with adult blind subjects (Shagan & Goodnow, 1973).
However, processing a third dimension seems to more
directly involve the spatial components rather than the
visual components of imagery, and the blind, if they are
better in spatial imagery than in visual imagery (Logie,
1990), should not be particularly disadvantaged.

A final purpose of the present research was to examine
our hypothesis that individual differences represent a
general problem, not limited to exceptional cases, for
visuospatial short-term memory capacity. Our hypothe­
sis was not only a consequence of a theoretical reflection
on the blind, but it was also based on the classical data
on the psychological differentiation in visuospatial abili­
ties, found in a variety of tests, such as the Differential
Aptitudes Test and the Minnesota Paper Form Board. Be­
cause highly discriminative visuospatial tests make large
use of three-dimensional shapes, it is possible that only
subjects with a high visuospatial ability are unaffected by
the shift from two to three dimensions. This issue was
not considered by Kerr (1987), whose experiments did
not examine visuospatial ability, and could explain some
of the small differences she found between experiments
(e.g., with the critical 3 x3 x3 matrix).

Finally, the current study examined the hypothesis that
visuospatial short-term memory capacity depends largely
on individual differences and that only some subjects with
good visuospatial ability would cope with three dimen­
sions as readily as with two. We assumed that the totally
congenitally blind have more severe capacity limitations
on their visuospatial imagery than do the sighted. This
capacity difference should be more evident for three­
dimensional matrices than for two-dimensional matrices.

The use of blind subjects required slight modifications
of the methodology used by Kerr (1987). Specifically, we
blindfolded the sighted subjects. Furthermore, the tactile
nature of two-dimensional patterns was made more ex­
plorable by using cubes rather than plane matrices. Fi­
nally, given the assumption that both number of units
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(cubes) and number of dimensions may be critical, we
selected three two-dimensional patterns having three
different levels of complexity (3 x 3,4 x4, and 8 x 8) and
three three-dimensional patterns (2 x 2 x 2, 3 x 3 x 3, and
4 x 4 x 4) partly comparable to the two-dimensional pat­
terns in the units for side and partly comparable to the
overall number of units. In all other respects, the proce­
dure resembled that of Kerr's (1987) Experiment 1.

EXPERIMENT 1

Method
Subjects. Twenty subjects (6 males and 14 females), classified

as totally and congenitally blind, aged between 15 and 60 years
(mean age = 32 years, II months), took part in Experiment 1. The
subjects' blindness never resulted from diseases of the central ner­
vous system (see Appendix A). Following the Italian classification
tradition, we considered people to be totally blind when they could
not perceive shapes and positions of the objects and to be congeni­
tally blind when the deficit was present at birth or appeared in the
first months of life. Some subjects, who had a minimal visual
residual for light intensity or haddeveloped the handicap in the first
year of life, also were classified as totally congenitally blind, be­
cause they were thought to lack enough visual experience to have
a visual representation of objects. Most subjects had a school
diploma, obtained after having attended normal schools from 10
to 13 years. Controls were 20 sighted subjects matched for age,
sex, and school level. The school level matching referred not only
to the same years of schooling, but also to the kind of school (at­
tended by both blind and sighted people), ensuring that similar ex­
periences were offered to the two groups of subjects. Thetwo groups
had similar verbal short-term memory abilities on the WAIS span
test. Mean performances of the blind group were 7.00 at the for­
ward span and 5.50 at the backward span; mean performances of
the control group were 7.25 and 5.70, respectively. The perfor­
mances were not significantly different using two t tests.

Materials. Wooden cubes measuring 4 cm in each direction were
used to prepare the following two- and three-dimensional patterns:
3x3, 4x4, and 8x8 (two-dimensional); 2x2x2. 3x3x3. and
4 x 4 x 4 (three-dimensional). The patterns resembled those of Kerr's
(1987) Experiment 3: The 2 x 2 x 2 pattern was comparable for num­
ber of cubes to the 3 x 3 pattern; the 4 x4 pattern was comparable
in complexity of each side to the 4 x4 x4 pattern

Ten pathways were generated for each cube starting either from
the cube close to the subject (at his or her left and at the highest
layer for the three-dimensional shapes) or from a cube far from
the subject (at his or her left and at the lowest layer for the three­
dimensional shapes): the first six trials (two practice trials and four
experimental trials) started from one point. and the other four from
the other point. Each pathway included a series of seven statements
of direction, read through a tape recorder at a 2-sec rate. Direc­
tions were left-right. forward-backward, and top-bottom (the last
directions were used only for the vertical direction of the three­
dimensional patterns). The pathway never involved more than two
movements in the same direction.

Procedure. The subjects were tested individually, seated close
to the pattern. The sighted were blindfolded. The subjects were told
to follow mentally a pathway moving sequentially through a series
of adjacent cubes. Instructions were similar to those used by Kerr
(1987); however, our instructions also included a tactual explora­
tion of the patterns of the external and internal cubes before the
start of each phase of the experiment. The subjects could use either
a verbal or a tactile response, by selecting from the pattern the cube
associated to the last position of the pathway.

Possible order effects were controlled, repeating the trials for each
pattern in reverse order and alternating two- and three-dimensional

patterns. We also adopted Kerr's (1987) practice of starting with
the simplest patterns and gradually increasing the difficulty. For
half the subjects, the order of presentation of the patterns was the
following: 2x2x2, 3x3, 3x3x3, 4x4, 4x4x4, 8x8, 8x8,
4x4x4, 4x4, 3x3x3, 3x3, and 2x2x2. For the other half.
the first pattern was the simplest two-dimensional one (3 x 3). fol­
lowed by the simplest three-dimensional one, and so on.

Thesubjects explored each pattern taetually and received two prac­
tice trials. During the first practice trial, they were allowed to fol­
low the pathway in the cube pattern; however, the second trial was
identical to the experimental trials. If any subjects were wrong in
the first practice trial, they were shown their errors, and the trial
was repeated. The subjects could take a short interpattern rest. The
entire session required approximately 50 min.

Results
Mean percentages of errors for two- and three-dimen­

sional patterns of different complexity made by the two
groups of subjects appear in Figure 1. These data were
analyzed with a three-way analysis of variance (ANOVA)
for a complete mixed design, which used groups as a
between-subject variable and the number of dimensions
and the complexity of the matrices as within-subject
variables.

The effects due to the number of dimensions [F(1,38) =
14.47, P < .(01), the complexity variable [F(2,76) =
136.22, P < .(01), and their interaction [F(2,76) == 6.61,
P = .002) were significant. The two groups were not sig­
nificantly different [F(1,38) = 0.11, MSe = 6.63, p =
.75), but the group variable interacted significantly with
dimensions [F(1,38) = 4.57, MSe = 1.53, P = .039).
A post hoc comparison using Tukey tests (both a and b
procedures; see Winer, 1971) showed that the blind-group
performance with the three-dimensional matrices was sig­
nificantly lower than that of the sighted-group perfor­
mance with the same matrices.

Because the data could be confounded by the presence of
a few particular cases of blindness (e.g., retrolental fibro­
plasia and not-perfectly complete visual handicap), we ex­
cluded them (see Appendix A) and their corresponding
controls from a successive similar ANOVA; however, the
outcomes were exactly the same, including the interaction
between groups and dimensions [F(1 ,30) =5.36, MSe =
I .71 ,p = .028], although the interaction between dimen­
sions and complexity was no longer significant (p = .106).

Figure I shows that difficulty tends to increase with
complexity and with a greater number of dimensions. Fur­
thermore, an increase in the number of dimensions causes
higher difficulty for the blind than for the sighted.
Although the interaction between the three variables was
not significant, the entries in Figure 1 suggest that this
relation is most evident in the medium-complexity pat­
terns. It is less apparent in the low-complexity patterns
(where data may have been affected by a ceiling effect),
and it is totally absent in the high-complexity patterns.

Discussion
Our sighted SUbjects differed in some respects from

Kerr's (1987). In particular, the three-unit capacity limi­
tation appears critical for two-dimensional patterns, but
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Figure 1. Mean percentages of errors for two- and three-dimensional patterns of different
complexity made by a group of totally congenitally blind subjects and a matcbed group of
sighted subjects.

not for three-dimensional patterns. The 18% difference
in errors between the 2 x 2 x 2 and the 3 x 3 x 3 patterns
is substantial and seems to show that the 3 X 3 X 3 pattern
involves an overload of the visuospatial sketch pad (note
that, with the same presentation rate, Kerr observed only
a 3% error rate with the 3 X 3 x 3 pattern in her Experi­
ment 1). The 34% error rate is lower for our subjects with
the 8 x 8 pattern than the 70% rate found by Kerr in her
Experiment 3 with a 1.5 presentation rate.

The blind group's performance shows a difficulty with
some three-dimensional patterns. In particular, the blind
subjects had problems with the 3 x 3 x 3 matrix, which
seemed due to their visuospatial working-memory limi­
tations and produced an error rate higher than that for the
8x8 matrix.

This result could be due to the fact that the blind sub­
jects used verbal mediation instead of a visuospatial
strategy. Verbal mediation might berather ineffective with
the three dimensions of the 3 x 3 x 3 matrix. To examine
whether the blind subjects were using verbal mediation,
we tested them again.

EXPERIMENT 2

Experiment 2 was designed to compare the performance
of sighted and blind groups on the visuospatial task of Ex­
periment 1 and a heavily verbal matching task. In the ver­
bal task, the subjects were asked to transform an object
along such dimensions as sweetness and temperature. We
assumed that this task would reduce the role of visuospatial
processes. We also included size as a dimension because
other, nonvisual, dimensions seemed to make the task ab­
struse to our subjects.

If the blind subjects used a verbal strategy in Experi­
ment 1 by assigning a verbal value to each position along
each dimension, their performance with the visuospatial

task should be comparable to the performance they ob­
tained with the new task, presumably requiring the use
of a similar verbal strategy.

Method
Subjects. The same blind and sighted subjects who participated

in Experiment I (except 3 sighted who were substituted by 3 other
subjects with the same characteristics) participated in Experiment 2.

Materials. The material included the two patterns with three units
for each side (3 x3 and 3 x3 x J), with the same pathways as in
Experiment I. We prepared other series of statements that described
a corresponding change of state along two dimensions (tempera­
ture and size) or three dimensions (temperature, size, and taste).
For each spatial pathway, a corresponding description along these
dimensions was created. For example, the spatial pathway could
be "Begin with the lowest back right comer, go forward, top, left,
left, backwards, top, right." The corresponding verbal pathway
could start from one of the extreme cases, "bitter, small, andcold,"
and proceed to "bigger, sweeter, hotter, hotter, smaller, sweeter,
colder. "

Procedure. The procedure was the same as in Experiment I.
Order of patterns andnature of materials were balanced on the basis
of two orders. The first order was 3 x 3, two-dimensional verbal,
3 x 3 x 3, three-dimensional verbal, three-dimensional verbal,
3 x 3 x 3, two-dimensional verbal, 3 x 3. The second order reversed
the order with respect to the spatial-verbal strategy variable. Dur­
ing the verbal task, the sighted subjects were allowed to stay with
their eyes open; during the spatial tasks, they were blindfolded.

Instructions andpractice trials for the verbal tasks were compara­
ble to those for visuospatial tasks andincluded a short training phase
in which the subjects were asked to give answers. The subjects were
tested approximately I month after Experiment I.

Results
The two groups' mean percentages of errors for the dif­

ferent verbal and spatial patterns are shown in Figure 2.
A three-way 2x2x2 ANOVA on the number of errors
for a mixed design revealed significant main effects due
to the nature of the task (verbal vs. spatial) [F(l,38) =
184.14, P < .001] and the number of dimensions
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EXPERIMENT 3

Experiment 3 was designed to partial out a possible
practice effect present in Experiment 2 by testing new
groups of blind and sighted people on the same tasks.
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Results
Figure 3 shows the mean percentages of errors for the

two groups with different patterns and nature of material.
A three-way ANOVA for a mixed design on the numbers
of errors revealed the same significant main effects as in
Experiment 2-that is, a main effect due to the nature of
the task (spatial vs. verbal)[F(l,28) = 48.14, P < .001]
and a main effect due to the complexity of the patterns
[F(l,28) = 55.25, p < .001]. No other significant ef­
fects were found, although we found some trends involv­
ing the groups [F(l,28) = 2.60, MSe = 14.4, P = .II8p
and the interaction among the three variables [F(I,28) =
1.89, MSe = 2.75, p == .18]. Figure 3 suggests that, in

Method
Subjects. Fifteen subjects (10 females and 5 males), classified

as totally congenitally blind, aged between 15 and 58 (mean age
= 24 years, 6 months), took part in Experiment 3. The nature of
their visual handicaps is illustrated in Appendix B.

Other characteristics were similar to those of the preceding ex­
perimental subjects. Fifteen sighted controls were matched for age,
sex, and school level, as in Experiments I and 2. The two groups
were not significantly different in the performance of the WAIS
digit span test (in the forward and backward digit span, the mean
performances were 6.67 and 4.93 for the blind and 5.87 and 4.2
for the sighted).

Materials and Procedure. The materials and procedure were
the same as in Experiment 2, except that the balancing of tasks and
patterns was complete with eight different orders. The subjects could
begin with either a verbal or a spatial task, either two- or three­
dimensional.
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Discussion
The absence of significant effects related to the groups

shows that both groups performed the tasks in similar
ways and, given the better performance on the spatial task,
must have used a different, presumably visuospatial,
process. Nevertheless, the data could be influenced by
the fact that the subjects had already had some experience
with the visuospatial task. In fact, if we compare the ab­
solute percentages of errors for comparable patterns in
the two experiments, we see that the error rate is lower
for Experiment 2. For this reason, we decided to carry
out a third experiment with the same procedure but with
new subjects.

[F(I,38) = 73.78, p < .00IJ. Furthermore, the inter­
action between these two factors was significant [F(l,38)
= 5.95, p = .019]. Post hoc comparisons using the Tukey
test (both a and b procedures) revealed that errors in­
creased with complexity for both the spatial and the ver­
bal tasks; the increase was greater for the verbal tasks
than for the spatial tasks. The difference between groups
was not significant [F(l,38) = 1.54, MSe = 6.16, p =
.22], nor was the interaction between groups and dimen­
sions [F(I,38) = 0.13, MSe = 1.20, P = .72).

3x3 Vx3
PATTERNS

FIgure 2. Mean percentages of errors for verbal two-dimensional
(V x 2) or three-dimensional patterns (V x 3) and spatial two­
dimensional (3 x 3) and three-dimensional patterns (3 x 3 x 3) made
by the group of totally conaenitally bUnd subjed.s who participated
In Experiment 1 and by the matched group of sighted subjects.
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some cases, and especially with the 3 x3 x3 matrix, the
blind subjects' performance was inferior. Given these
trendsand our central predictions, we comparedthe eight
meanvaluesusing the conservative Tukeyb post hoc test
(Winer, 1971). The blind subjects' performance was sig­
nificantly lower than the sighted subjects' performance
on only the three-dimensional visuospatial pattern.

Discussion
The data confirm that the blind also find greater diffi­

culty with the verbal task than with the visuospatial task
and that they often respondsimilar to how the sighteddo.
Performance was lower in Experiment 3 than in Experi­
ment 2, showingthe blind's tendency to have greater dif­
ficulty with the 3 x 3 x 3 spatial pattern.

The difference betweenthe two last experimentscould
be due to the different level of familiarity with the spatial
tasks or to different level of abilities of the subjects. The
generally betterperformance in Experiments I and2, rela­
tive to that in Experiment 3, may be due to the inclusion
in Experiments I and 2 of the blind subjects who were
cognitively more skilled (they, in fact, also had higher
levelsof performance in the span test). The samewas also
true for the sighted subjects who were matched to the
blind. Given the low number of subjectswith a total con­
genital handicap, this problem could not be avoided.

EXPERIMENT 4

In Experiment 1, the blind subjects' particular difficulty
with the three-dimensional patterns was found, but only
in the case of the two simpler patterns. It is possible that
the most complex pattern involved a different strategy,
unrelated to visuospatial processes and which the blind
and sighted both used.

We reasoned that if verbal mediation is involved, a
visuospatial interfering task shoulddamage performance
for only simple patterns, and a different verbal articula­
tory task should damage performance for only the com­
plex patterns.

Method
Subjects. Twelve sighted subjects (6 males and 6 females), com­

parable for age and sociocultural characteristics to those of the
preceding experiments, participated in Experiment 4.

Materials. A tape-recorded series of pathways had the same
characteristics as the preceding pathways. A low-intensity filtered
light torch (I W, 3.8 V) was used to present short flashes (400 msec)
of light, randomly at a mean frequency of 42 per minute. These
flashes could be perceived only with particular attention.

Procedure. The subjects were asked to examine the patterns in
the following order: 3x3x3 (8 trials), 4x4x4 (8+8 trials),
3 X3 x3 (8 trials). Trials were divided into blocks offour, assigned
in a balanced way to either the visual or the verbal interfering con­
dition. The first four blocks were preceded by two practice trials.
as in the preceding experiments.

For the blocks with visual interference. the torch was turned on
randomly and. a few seconds later, the tape-recorded pathway was
played. The subject had his or her eyes open and had to press a
button when the light appeared. while the pattern was covered by
a screen. Immediately after the end of the pathway. the screen was

eliminated and the subject had to give the response either verbally
or by pointing to the cube.

For the blocks with verbal interference. the subjects had to star!
counting in a low voice at the beginning of each trial and 10 connnuc
also while the pathway was read. The experirncnter could make sure
that the task was executed both by monitoring the subject's whispered
counting and by noting the last number that the subject spoke out
loud immediately before giving the response. The procedure was
the same as in the preceding experiments in all the other respects.

Results
Meanpercentages of errors for the two patternsfollow­

ing the two interfering tasks are presented in Figure 4.
A three-way ANOVA on the number of errors for a mixed
complete design was calculated. The ANOYA revealed
significantmain effects of the complexity of the pattern
[F(l,ll) = 51.79,p < .001] and of the nature of the in­
terfering task [F(l,ll) = 9.79, P = .01]. Furthermore,
the interaction between complexityand nature of the in­
terferingtask was significant [F(l, II) = 8.31, P = .015].
Tukeypost hoccomparisons (a andb procedures) between
the four meanvaluesrevealedthat the differencebetween
the two interfering conditions was significant for the
3x 3x 3 pattern, but it was not significant for the 4 x 4 x 4
pattern.

Figure 4 showsthat the more complex taskhad a higher
number of errors but was not differentially affected by
the visual interfering task, unlike the simplerpattern. The
resultconfirms our hypothesis that the absence of a differ­
ence between sighted and blind subjects with very com­
plex patterns can be due to the fact that sighted people,
too, do not use visual imagery in a specific and exclusive
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Figure 4. Mean percentages of errors for three-dimensional pat­
terns of different complexity (three and four units per side) follow­
ing different interfering conditions.



VISUOSPATIAL STM CAPACITY LIMITATIONS 465

way. It must be emphasized that the auditory task did not
interfere more than did the visual task with the complex
pattern; the implication of this result is that verbal medi­
ation was also not used in an exclusive way in this case.

It also could be argued that data with the more com­
plex matrices were the result of a ceiling effect. Although
we cannot exclude the possibility that the subjects, hav­
ing at least some rough idea about where the path should
have ended, used some form of guessing, it must be no­
ticed that, in general, the observed performance of ap­
proximately 70% errors is far from the performance we
could expect if the subjects were simply guessing (with
64 alternatives, the chance level was greater than 98%
of errors).

ability (LVS) group. The subjects were part of a large sample of
123studentsof the sameage who were tested with the visuospatial
S subtestof the B.C.R. test (Reuchlin & Valin, 1971).The subtest,
which appeared capable of finding individual differences related
to thevisualizer-verbalizer dimension (Baroni et al., 1989), presents
three-dimensional shapes from particularperspectives and requires
the subjects to select. among four alternatives. the patternthat the
shape should take if considered from a different predefined per­
spective. We assigned the 16subjects with the highestscores(> 26)
to the HVSgroup and the 16 subjectswith the lowestscores (< 17)
to the LVS group. The subjectswithpoor schoolachievement were
not considered. so that the two groups were matched for school
achievement as definedby the mean marks in differentschoolareas.

Materials and Procedure. The materials and procedure were
the same as in Experiment 1. The subjects were blindfolded.

EXPERIMENT 5

The purpose of Experiment 5 was to see whether in­
dividual differences in the capacity of the visuospatial
working memory can be found also with a group of sighted
people. The large variability we had found among our sub­
jects (e.g., Experiment 3) suggested that we examine the
performance on the visuospatial tasks of groups of sighted
people of varying visuospatial abilities. In particular, we
wanted to see whether or not some differences in perfor­
mance found between our subjects in Experiment 1 and
Kerr's (1987) subjects could be explained by individual
differences.

Method
Subjects. Of 32 senior high school students (19 femalesand 13

males,agedbetween17and 19years), 16belongedto a highvisuo­
spatial ability (HVS) group and 16 belongedto a low visuospatial

Results
Mean percentages of errors are presented in Figure 5.

As with Experiment 1, we carried out an ANOVA for
a complete mixed design on the number of errors, using
groups as a between-subjects variable and the six patterns
and level of complexity (three levels) and number of
dimensions (two levels) as within-subject variables. The
ANOVA revealed a significant main effect of the groups
[F(1,30) = 13.24,p < .01], a significant maineffect due
to the task complexity [F(2,60) = 75.58, P < .001], a
significant group x dimension interaction [F(1,30) =
14.44, P = .001], a significant interaction for complex­
ity x number of dimensions [F(2,60) = 10.05,
p < .001], and an interaction among all the three vari­
ables [F(2,60) = 4.92, P = .011]. A post hoc compari­
son using the Tukey b procedure among all the mean
values showed that groups were significantly different
with the 3 x 3 x 3 matrix and with the 4 x4 x 4 matrix.

~ LV.S. GROUP

o H.V.S. GROUP

50
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Figure S. Mean percentages of errors for two- and three-dimensional patterns of differ­
ent complexity made by a low-visuospatial-ability (LVS) group and a higb-visuospatial­
ability (HVS) group.



466 CORNOLDI, CORTESI, AND PRETI

As we can see from Figure 5, the HVS group tended
to outperform the LVS group; the difference was partic­
ularly evident for the mostdifficultmatrices, but not with
the 8 X 8 pattern, and the HVS group's superiority was
particularly evident with the three-dimensional complex
patterns. With respect to Kerr's data, the HVS group
reflects the performance of her subjects, showing an ex­
cellent performance with the 3 X 3X 3 matrix and a dra­
matic drop in performance with the 4 x4 x4 matrix. On
the other hand, the LVS group gave a poor performance
with the 3 X 3 X 3 pattern; however, the drop (unlike in
our Experiment 1) was more severe betweenthe 3x3x3
pattern and the 4 x 4 x 4 pattern than betweenthe 2 x 2 x 2
patternand the 3 x 3 x 3 pattern. Again, our subjectswere
superior to Kerr's Experiment 3 subjects with the 8x 8
pattern. However, three considerations make a precise
comparisondifficult: (1) the fact that the rate was slower
for our subjects, (2) the slightproceduraldifferences, and
(3) the fact that, in the Kerr study, the subjects of Ex­
periment 1were probably not comparableto the subjects
of Experiment 3. Finally, the fact that a high visuospatial
ability yields higher performance in the more difficult
three-dimensional shapessuggests that it maybe involved
with a 4x4x4 matrix.

CONCLUSIONS

Visuospatial working memory is a constructthat, in the
last few years, has been capturing more and more atten­
tion (Logie, 1990). We can expect that, as happenedfor
the auditory componentof working memory (Baddeley,
1986),particularattention willbe devoted to the represen­
tational format of its content and to its capacity-two is­
sues that concernedus. The main conclusionsthat can be
drawn from the current researchconcern visuospatial im­
agery processes in the blind and the problem of capacity
limitation in visuospatial working memory.

With respect to the first point, the data of Experiments
2 and 3 confirm that totally congenitallyblind peoplecan
generate different representations by following visuo­
spatial and verbal instructionsand can profit from visuo­
spatial representation. The blindalso seem, for this task,
to take a greater advantage fromthe visuospatial working­
memory representation than from the verbal one, proba­
bly due to the parallel properties of visual analogical
representations. The fact that the blindseemable to gener­
ate such representations is not surprising when we con­
sider that they have many opportunities, through other
sensory modalities and movement, to acquire knowledge
of the visuospatial properties of the world.

The current research also confirms the series of results
obtained by Cornoldi and others (Cornoldi & De Beni,
1988; Cornoldi et aI., 1989; De Beni & Cornoldi, 1988)
showing that the blind may profit from imagery instruc­
tions,but within limitsthatare lowerthanthosefor sighted
people. A plausible explanation for theselimitsis thatonly
visualexperience may create the ability of simultaneously
managing a high number of items. Furthermore, with

reference toa suggested distinction between visualandspa­
tial processes in working memory (Baddeley, 1986), we
could expect a dissociation betweenvisualand spatialca­
pacities in the totally congenitallyblind, with the visual
deficit being larger than the spatial one. The blind could
be especiallydisadvantagedin processingvisual features
and contents, rather than spatial arrays that can also be
experienced tactually. The resultsof the current research,
however, showing the blind's capacity limitations with
three-dimensional patterns, as well, reveal that the blind's
deficitinvolves both visualand spatial configurations. The
blind show the presence of imagery processes, but they
also show a limitation in their use, relative to that of
sightedpeople. From a neuropsychological pointof view,
we could speculate that, in the blind with peripheral le­
sions, the cortical areas involved in imagery are intact
but their completeneurological maturation requiresvisual
experience. Nevertheless, the fact that the blind seem to
draw some advantagefrom experience with the task (Ex­
periment 2) suggeststhat their deficit is due to limitedex­
perience and practice with three-dimensional shapes.

With respect to the second issue, the results of Experi­
ments I and 5 show that individualdifferences may con­
tribute to both quantitativeand qualitativedifferences in
visuospatial working-memory capacity. In fact, the sub­
jects with a lower capacity not only showed a lower per­
formance, they also had particular difficulty with the
three-dimensional 3 x 3x 3 matrix. This matrix appears
within the capacitylimitations of high-visuospatial-ability
subjects. The fact that this difference disappeared (Ex­
periment 1) with the most complex matrices is not sur­
prising, because, in this case, specific visuospatial
processes were nottheonlyonesinvolved (Experiment 4).
Further research is necessary to explore the implications
of a third dimension for visuospatial imageryand the rea­
sons only some subjectsare not overloaded when it is in­
volved. At the same time, further exploration of the
boundaryconditionsrelated to the procedure will help to
clarify the differences. For example, if we consider some
differencesbetweenour results and those of Kerr (1987),
we cannot decide whether they were due to some differ­
ences in the procedure (and, in particular, to the fact that
our subjects, being blindfolded, had to give a tactual
response rather than simply pointing to the correct cube)
or to differences in ability.
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NOTE

I. Since the two groups were slightly different in the digit-memory
tests, we repeated the analysisof variance, using the span scores as co­
variates. The blind group's performance was significantly poorer both
when the covariate was the backward digit span IF = 5.78, P = .023)
and when the covariate was the summed digit span (forwards + back­
wards digit span; p = .(49). In all other respects, the covariance anal­
ysis replicated the preceding effects. We also repeated the analysis by
excluding the 6 atypical blind subjects, but, again, we replicated the
preceding results.

APPENDIX A
Sample Descriptions of Subjects in Experiment 1

Subject
Number Occupation Sex Age

1 Student F 15
2 Student M 15
3* Student F 15

4* Student F 17

5 Student F 17

6 Unemployed F 20
(elementary teacher diploma)

7* Operator F 27
(professional school diploma)

8 Student M 27
9* Student F 27·

10 Student F 28

II Operator F 35
(professional diploma)

12 Computer operator M 35
(master's degree)

13 Operator F 37
(professional diploma)

14 Operator F 40
(professional diploma)

15 Office worker M 41
(master's degree)

16 Operator M 42
(professional diploma)

17 Masseur M 48
(senior high school diploma)

Etiology and Characteristics of the Visual Handicap

Total blindness, due to virus, since 1st month of life
Congenital handicap due to pigmentary retinis-i-only light perception
Total blindness in connection with retrolental fibroplasia due to
incubator oxygen
Total blindness in connection with retrolental fibroplasia due to
incubator oxygen
Visual handicap, due to pigmentary retinis, since the 4th month
of life-only shadow perception
Visual handicap, due to virus, since the 4th month of life-only
shadow perception
Total blindness in connection with retrolental fibroplasia due to
incubator oxygen
Total blindness, due to pigmentary retinis, since birth
Congenital blindness (glaucoma), became total at the age of 4
Visual handicap, due to pigmentary retinis, since the 1st month
of life-only light perception
Total congenital blindness due to pigmentary retinis

Visual handicap due to pigmentary retinis-Iarge-forms perception

Total congenital blindness due to mother's rubella

Congenital glaucoma-only shadow perception

Total congenital blindness due to hereditary pigmentary retinis

Visual handicap, since the 4th month of life, due to meningitis­
only light perception
Visual handicap, since the 6th month of life, due to meningitis­
only light perception
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APPENDIX A (continued)
Subject
Number Occupation Sex Age Etiology and Characteristics of the Visual Handicap

Total congenital blindness due to pigmentary retinis

Total blindness, since the 1st year of life, due to pigmentary retinis

54

59

F

F

Operator
(professional diploma)
Unemployed
(senior high school diploma)
Masseuse F 60 Congenital blindness due to pigmentary retinis-only light
(junior high school diploma) perception

18

19

20

*Subject was excluded in final ANOV A mentioned in the Results section of Experiment I.

APPENDIX B
Sample Descriptions of Subjects in Experiment 3

Subject
Number Occupation Sex Age Etiology and Characteristics of the Visual Handicap

I Student F 15 Total congenital blindness (glaucoma)
2 Student F 15 Total congenital blindness (glaucoma)
3 Student M 15 Total blindness since the 2nd year of life
4 Student F 17 Total blindness
5 Student M 17 Congenital blindness (glaucoma), became total at the age of 4-only

light perception
6 Operator F 18 Total congenital blindness (tumor)

(professional school diploma)
7 Student M 18 Congenital blindness due to lesions to retinal cells-only light

perception
8 Student F 19 Total blindness
9 Student M 19 Congenital blindness (glaucoma)-only light perception

10 Student F 20 Total congenital blindness in relationship with mother's toxoplasmosis
II Operator F 24 Congenital optical nerve athrophy-only light perception

(senior high school diploma)
12 Student M 28 Congenital optical nerve athrophy-only light perception
13 Operator F 40 Congenital blindness in relationship with pigmentary retinis-only

light perception
14 Masseuse F 45 Total blindness, due to a virus, since the 2nd year of life

(professional school diploma)
15 Unemployed F 58 Blindness, following meningitis, since the 3rd month of life

(senior high school diploma)
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