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Abstract: This study compared participants who were congenitally visually
impaired and those who became visually impaired later in life in a spatial
memory task. The latter showed less efficient visuospatial processes than did the
former. However, these differences were of a quantitative nature only, indicating
common cognitive mechanisms that can be clearly differentiated from those of

people who are congenitally blind.
Many experimental and neurophysiolog-
ical investigations have addressed the na-
ture of mental representations in people
who are blind (see, for example, Byrne &
Salter, 1983; Cohen et al., 1997; Herman,
Chatman, & Roth, 1983; Hollins, 1989;
Marchant & Malloy, 1984; Röder, Stock,
Bien, Neville, & Rösler, 2002; Thinus-
Blanc & Gaunet, 1997; Vanlierde &
Wanet-Defalque, 2004, 2005; Vecchi,
1998). In addition, research has been di-
rected to less severe forms of visual impair-
ment and their effect on visuospatial abili-
ties (see, for example, Vecchi et al., 2006).

According to the World Health Orga-
nization (WHO) (2001), the term visual
impairment refers to both blindness and
low vision. Blindness is defined as visual
acuity of less than 10/200 or a field of
vision that is constricted to (or less than)
10 degrees of arc around a central fixation
in the better eye with the best possible

correction. Low vision is defined as a
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maximum visual acuity of less than 20/
63, but equal to or better than 10/200 or a
corresponding loss of less than 20 degrees
of the visual field in the better eye with
the best possible correction. Visual im-
pairment takes many forms and can be
present in various degrees; scientific pub-
lications may differ in the criteria that are
used to define a person who is blind as
opposed to a person who has low vision.

In this article (as in Vecchi et al.,
2006), we use the term visually impaired
to refer to persons with low vision, who,
after treatment or refractive correction,
are capable of using vision to plan and
carry out a task. According to our defini-
tion, people who are visually impaired are
unable to read a newspaper from a typical
viewing distance, even with the aid of
eyeglasses or contact lenses, and usually
rely on a combination of vision (although
often requiring adaptations in lighting or

the size of print) and other senses to learn.
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There is experimental evidence to sug-
gest that individuals who are visually im-
paired may perform better than may those
who are congenitally totally blind and
may resemble (or may even outperform)
sighted persons in control groups in sev-
eral spatial imagery tasks. For instance,
Bigelow (1996) examined the develop-
ment of spatial knowledge of the home
environment of children who were
sighted, visually impaired, and totally
blind. The children who were totally blind
had difficulty performing the task, espe-
cially when they had to rely on a straight-
line distance criterion. In contrast, the
children who were visually impaired and
those who were sighted performed simi-
larly, indicating that a reduced visual ex-
perience does not prevent the generation
of an appropriate visual layout to be used
to establish distances.

In other research, individuals who were
visually impaired outperformed both
those who were totally blind and those
who were sighted and blindfolded in
pattern-recognition tasks, such as the tac-
tile embedded-figures test, Piaget’s water-
level task (which assesses haptic percep-
tion of the horizontal), and tactile
recognition of the correct perspective in
which a drawing is presented (Heller,
Brackett, Scroggs, Allen, & Green, 2001;
Heller et al., 2002; Heller, Wilson, Stef-
fen, Yoneyama, & Brackett, 2003). The
advantage of the people who were visu-
ally impaired was attributed to their re-
duced—but still present—experience
with visual pictures and to their partially
increased haptic skills (Heller et al., 2001,
2003). Similarly, Dufour and Gérard
(2000) found that nearsighted partici-
pants, who had severe myopia for at least

10 years, performed better and faster than
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did sighted persons in a control group in
a sound-localization task, indicating the
occurrence of auditorily enhanced skills
to compensate for the partial loss of sight.
Blanco and Travieso (2003) reported that
participants who were visually impaired
performed more like blindfolded sighted
participants than like participants who
were totally blind in a task that required
haptic exploration and mental scanning of
a map. Finally, Vecchi et al. (2006) ob-
served a similar performance in sighted
people and those who were congenitally
visually impaired in a spatial task that
required the memorization of a number of
locations that were presented on two-
dimensional tactile matrices.

The performance observed in the peo-
ple who are visually impaired can be as-
sociated with cerebral compensatory
mechanisms that allow the cognitive sys-
tem to work on the basis of reduced visual
stimulation. When vision is absent, corti-
cal areas that are usually devoted to pro-
cessing visual information are recruited to
elaborate stimuli that are delivered by
other sensorial channels (see, for exam-
ple, Cohen et al., 1999; Lanzenberger et
al., 2001; Sadato et al., 1996, 1998).
However, the extent of the cortical com-
pensation is likely to vary according to
both the extent and duration of blindness.

Some cortical compensation occurs in
cases of low vision. For instance, Wolffe
(1995) reported that a group of young-
sters were capable of painting landscapes
or still lifes as accurately as sighted peo-
ple, despite a severe central field loss that
was due to a dense central scotoma. Thus,
in the presence of a central vision loss, the
peripheral retina could convey fine details
that are normally detected by the macula

and fovea, allowing the visual cortex to
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generate a clear, detailed representation
of the visually presented external scenes.
That is, the visual cortex can develop the
ability to optimize and integrate the in-
formation that is received from all the
receptors over the entire retina. Accord-
ingly, Trauzettel-Klosinski (2002) found
compensatory strategies that were related
to high cortical plasticity in individuals
who were affected by a central scotoma.
However, the extent of the cortical com-
pensation is likely to be inversely related
to the extent of the visual deprivation.

Despres, Candas, and Dufour (2005)
demonstrated that persons who are visu-
ally impaired use auditory cues to a dif-
ferent extent to position themselves in the
environment, depending on the gravity of
the visual deficit. They noted that even a
small visual impairment (such as myopia)
may cause compensatory plasticity phe-
nomena. However, such compensatory
phenomena are more pronounced in the
case of total visual deprivation (Despres
et al., 2005). In fact, people who were
visually impaired (with only peripheral
vision) performed worse than did those
who were completely blind in generating
a spatial map of the environment on the
basis of an auditory stimulation (Lessard,
Paré, Lepore, & Lassonde, 1998). Audi-
tory compensation in persons who are
blind is due to the recruitment of the
deafferented sensory (visual) areas; in the
case of low vision, these areas are still
(although marginally) stimulated by their
normal afferences; thus, plasticity phe-
nomena are reduced (Lessard et al.,
1998).

The extent of cortical reorganization
phenomena is likely to be directly asso-
ciated with the duration of the deficit.

That compensatory mechanisms appear to
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be more robust in congenital than in late-
onset blindness (Arno et al., 2001; De
Volder et al., 2001; Hübel & Wiesel,
1977) accounts for the better performance
of participants who are congenitally blind
than of those with late-onset blindness in
mental imagery tasks, indicating that
early visual experience may not be so
critical for enhanced spatial performance
that is based on nonvisual cues (see, for
example, Despres et al., 2005). However,
several studies reported the superior per-
formance of persons with late-onset
blindness compared to persons who are
congenitally blind, suggesting that prior
visual experience is also critical for the
development of spatial cognition (Büchel,
Price, Frackowiak, & Friston, 1998; For-
tin, Voss, Rainville, Lassonde, & Lepore,
2006; Gaunet, Martinez, & Thinus-Blanc,
1997; Gaunet & Rossetti, 2006; Heller,
1989; Heller et al., 2003; Imbiriba, Ro-
drigues, Magalhães, & Vargas, 2006;
Vanlierde & Wanet-Defalque, 2004;
Zuidhoek, Kappers, Noordzij, Van der
Lubbe, & Postma, 2004). These discrep-
ancies in the literature regarding a possi-
ble advantage of late-onset blindness over
congenital blindness (or vice versa) in
spatial imagery tasks may be due to dif-
ferent factors (familiarity with the task,
the extent to which prior visual experi-
ence is involved, and so on; see Tinti,
Adenzato, Tamietto, & Cornoldi, 2006,
for a discussion).

Few studies have directly investi-
gated the effect of the onset of a severe
(but not complete) visual deficit on cor-
tical organization (Baker, Peli, Knouf,
& Kanwisher, 2005; Smirnakis et al.,
2005; Sunness, Liu, & Yantis, 2004).
Baker et al. (2005) found that areas of

the visual cortex that are usually devoted
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to processing foveal stimuli were acti-
vated by inputs in the peripheral vision of
individuals with macular degeneration
(diagnosed nearly 20 years earlier), indi-
cating a large-scale reorganization of vi-
sual processing associated with this defi-
cit. Conversely, Sunness et al. (2004) did
not observe a significant plasticity in an
individual with a partial macular lesion
that was diagnosed 2 years before the test.
An fMRI study conducted by Smirnakis
et al. (2005) showed that the topography
of the adult macaque primary visual cor-
tex (V1) did not change after several
months from an induced binocular retinal
lesion (resulting in a binaular scotoma).
Taken together, these studies suggest that
in persons who are visually impaired,
large-scale cortical reorganization may
not occur until at least several years after
sensory deprivation. The research by Des-
pres et al. (2005) also revealed more ef-
ficient compensatory mechanisms in per-
sons who were congenitally blind than in
those with late-onset blindness.

To our knowledge, no study has di-
rectly investigated the nature and extent
of possible differences in the cognitive
abilities of individuals who become vi-
sually impaired (as opposed to blind)
early in life versus those whose visual
impairments occur later in life. In the
study reported here, we required partic-
ipants who were congenitally and late
visually impaired to memorize a num-
ber of locations on a series of matrices
to assess their ability to deal with com-
plex configurations, to visualize three-
dimensional stimuli mentally, and to in-
tegrate multiple inputs into a single
representation. Earlier research showed
that people who were congenitally vi-

sually impaired performed closer to
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sighted people than to blind people in a
similar experimental paradigm (Vecchi
et al., 2006) and that blindness deter-
mined specific difficulties in treating
three-dimensional mental representa-
tions (Cornoldi, Bertuccelli, Rocchi, &
Sbrana, 1993; Cornoldi, Cortesi, &
Preti, 1991;Vecchi, 1998). Two differ-
ent predictions may be formulated: (1) a
better performance in individuals who
are congenitally visually impaired than
in those who are late visually impaired
in visuospatial tasks as a function of
stronger compensatory mechanisms that
are associated with the congenital defi-
cit or (2) a major role of prior normal
visual experience that facilitates the
generation of visuospatial mental repre-
sentations in late compared to congen-
itally visually impaired persons. The
presence of a residual visual experience
offers the opportunity to test partici-
pants with both visual and tactile stim-
uli, allowing a direct comparison be-
tween mental representations that are
generated on the basis of a different
sensorial stimulation.

Some final observations on the partic-
ipants’ characteristics need to be speci-
fied. In the literature, many cutoff points
have been adopted to define early blind-
ness, ranging from a period of a few
months to age 3 (Ungar, 2000). In this
article, we use the term congenitally vi-
sually impaired to refer to individuals
who were born with a visual impairment
and the term late visually impaired to
refer to individuals who had typical vi-
sion for their first 15–20 years of life.
Also, it should be noted that all the par-
ticipants in our research were matched for
their ability to travel through familiar en-

vironments. This point is critical, since
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previous research has suggested that spa-
tial competence may depend more on an
individual’s skill in independent traveling
than on prior visual experience (Loomis
et al., 1993).

Method
PARTICIPANTS

The 32 visually impaired individuals who
volunteered to participate in our study
were all recruited from the same institute
(the Ophthalmology Unit of Melegnano
Hospital in Milan). Sixteen participants (7
men and 9 women) were congenitally vi-
sually impaired (mean age � 34, SD �
13.55) and 16 (7 men and 9 women) were
late visually impaired (mean age � 41,
SD � 7.89), with no significant difference
in age across the groups, F(1, 30) � 1. In
the late visually impaired group, the vi-
sual deficit had prevailed an average of 15
years before the study. The age of onset
of the visual impairment ranged from 15
to 38 years. The extent of the visual im-
pairment was confirmed by an appropri-
ate staff member of the hosting institu-
tion. The participants’ visual acuity was
measured with the Standard ETDRS
(Early Treatment Diabetic Retinopathy
Study) visual acuity charts (logMAR).
Best-corrected visual acuity in the better
eye ranged from 0.5 logMAR to 1.6 log-
MAR (see Tables 1 and 2). A t-test on
independent samples that was conducted
on the participants’ visual acuity (mean
values were averaged between the two
eyes) revealed that the two groups did not
differ significantly in visual acuity (p �
.05). The visual field of each eye (that is,
differential light sensitivity over the cen-
tral and peripheral regions) was mapped

with an automated perimeter Octopus
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101, according to the standard clinical
procedure for evaluating visual field loss.
All the participants reported peripheral or
central field losses or both (see Tables 1
and 2). This reduction in retinal sensitiv-
ity over the central and peripheral regions
did not prevent any of them from perceiv-
ing the experimental stimuli.

All the participants were able to find
their way around the area in which they
lived (by walking or using public trans-
portation). Moreover, as a part of the
hospital therapy protocol, they all par-
ticipated in rehabilitation and training
programs. These programs were essen-
tially directed to improve the partici-
pants’ ability to use speech and optic
devices (magnifying glasses and hand-
held magnifiers). The two groups were
matched in terms of educational level.
All the participants were capable of vi-
sualizing the experimental stimuli in the
visual version of the task. Apart from
their visual impairment, they were oth-
erwise neurologically sound, and none
reported tactile impairments.

MATERIAL AND PROCEDURE

Two-dimensional (2-D) and three-
dimensional (3-D) matrices were used,
consisting of a number of wooden cubes
each measuring 4 centimeters (about 1.6
inches) on each side. In particular, we
used 5 x 5 2-D matrices and 3 x 3 x 3 3-D
matrices. Within each configuration, ei-
ther four or six target cubes were covered
with black colored sandpaper that would
be easily recognized both visually and by
touch (see Figure 1).

The same stimuli were presented in two
modalities: tactile and visual. The order of
presentation of the two modalities was

counterbalanced across the participants. In
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Table 1
Participants with congenital visual impairments.

Participant Sex Age
Educational level
and occupation Etiology VA VF

1 M 60 University,
engineer

Bilateral profound
myopia

RE: 1.0 logMAR
LE: 1.6 logMAR

Reduced central
and peripheral
sensitivity

2 F 37 High school
degree,
professional
nurse

Albinism, bilateral
strabismus,
congenital
nystagmus,
and myopia

EE: 0.5 logMAR Reduced central
and peripheral
sensitivity

3 M 21 University
student

Bilateral
hypermetropia,
congenital
glaucoma,
strabismus
(limited to RE)

RE: light perception
LE: 0.7 logMAR

Reduced central
and peripheral
sensitivity

4 M 23 University
student

Bilateral optic
nerve atrophy
owing to birth
trauma

RE: no light perception
LE: 0.7 logMAR

Reduced central
and peripheral
sensitivity

5 F 36 University
student

Bilateral optic
nerve atrophy

RE: 1.0 logMAR
LE: 1.3 logMAR

Reduced central
and peripheral
sensitivity

6 M 55 High school
degree,
administrative
clerk

Bilateral profound
myopia

EE: 1.3 logMAR Reduced central
and peripheral
sensitivity

7 M 22 University
student

Bilateral cataract RE: 0.7 logMAR
LE: 1.0 logMAR

Reduced central
and peripheral
sensitivity

8 F 20 High school
degree,
unemployed

Bilateral cataract
and glaucoma

RE: 1.0 logMAR
LE: 1.3 logMAR

Reduced central
and peripheral
sensitivity

9 F 33 High school
degree,
administrative
clerk

Bilateral retinitis
pigmentosa
inversa

EE: 1.5 logMAR Reduced central
and peripheral
sensitivity

10 M 18 High school
degree,
unemployed

Bilateral optic
nerve atrophy

RE: 1.6 logMAR
LE: 0.7 logMAR

Reduced central
and peripheral
sensitivity

11 M 19 High school
degree, part-
time clerk

Bilateral
congenital
glaucoma

EE: 0.7 logMAR Reduced central
and peripheral
sensitivity

12 F 45 High school
degree,
housewife

Bilateral profound
myopia

EE: 0.9 logMAR Reduced central
and peripheral
sensitivity

13 F 53 High school
degree,
housewife

Bilateral profound
myopia

EE: 1.6 logMAR Reduced central
and peripheral
sensitivity

14 F 30 High school
degree,
administrative
clerk

Bilateral
congenital
cataract

EE: 1.0 logMAR Reduced central
and peripheral
sensitivity

15 F 34 High school
degree,
administrative
clerk

Bilateral
congenital
glaucoma

EE: 0.9 logMAR Reduced central
and peripheral
sensitivity

16 F 38 High school
degree/
administrative
clerk

Bilateral
congenital
cataract

EE: 1.0 logMAR Reduced central
and peripheral
sensitivity
Note: VA � visual acuity with the best correction (logMAR), VF � visual field, LE � left eye, RE � right
eye, and EE � both eyes.
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the tactile modality, the participants were
blindfolded and were given 10 seconds to
explore the matrices tactilely in order to
memorize the target locations. In the test
that immediately followed the memoriza-
tion phase, the participants had to retrieve
tactilely, on a series of corresponding blank
matrices, the target cubes they had previ-
ously memorized by directly pointing to
them with their (preferred) finger. They
moved their hands smoothly across the ma-
trix and stopped on the cell they believed to
be a target; some also verbally indicated the
target (by saying “this one” or “here”) as
well as pointing to it with a finger.

The visual modality procedure was
identical to that used in the tactile mo-
dality, but for this task the participants
were required to explore the matrices
visually, not tactilely. In the test, the
participants indicated the targets by
pointing to them with a finger; some
also verbally confirmed their choice.
Before each individual experimental
session, the capacity of the participants
to distinguish the targets visually was
checked by direct questions to the par-
ticipants and by asking them to point to
a couple of targets with their right index
finger. No participant reported having
any problem recognizing the targets.

There were four different experimental
conditions: (1) the 2-D single matrix con-
dition, in which the targets were pre-
sented on a single 2-D matrix (see Figure
1a); (2) the multiple matrices condition,
in which the targets were equally divided
between two simultaneously presented
2-D matrices and had to be retrieved on
two corresponding blank matrices during
the test (see Figure 1b); (3) the integration
condition, in which the targets were pre-

sented equally divided between two dif-
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ferent 2-D matrices but had to be indi-
cated on a single matrix during the test
(see Figure 1c); and (4) the 3-D single
matrix condition, in which the targets
were presented on a single 3-D matrix
(see Figure 1d). Each condition consisted
of eight trials in which the locations of the
targets were varied. Two practice trials
preceded each condition. The order in
which the conditions were presented was
counterbalanced for dimensionality (2-D
and 3-D stimuli); in addition, within the
2-D tasks, single conditions were always
presented first, and the order of presenta-
tion of the multiple and the integration
conditions was counterbalanced. The en-
tire experimental session lasted approxi-
mately 1.5 hours.

Results
The results are presented in Figure 2. The
order in which the tactile and visual ver-
sions of the task were administered did
not significantly affect the participants’
performance, F(1, 28) � 1. An analysis of
variance (ANOVA) was conducted to in-
vestigate the performance in 2-D matrices
only and considered the between-subjects
variable of group (congenital versus late
visual impairment) and the within-subject
variables of modality (visual versus tac-
tile), condition (single versus multiple
versus integration), and number of targets
(four versus six).

Overall, the participants who were con-
genitally visually impaired outperformed
those who were late visually impaired
(mean correct � 67.41% versus 56.94%),
F(1,30) � 10.38, MSE � 10503.65, p �
.005. Moreover, for all the participants,
accuracy was higher with the visual
(mean correct � 66.90%) than with the

tactile matrices (mean correct � 57.45%),
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Table 2
Participants with late visual impairments.

Participant Sex Age
Educational level
and occupation Etiology

Years
since
onset VA VF

1 M 32 High school
degree,
painter

Retinitis pigmentosa 10 RE: 0.9 logMAR Central 5 degrees

2 F 40 High school
degree,
professional
nurse

Stargardt’s disease 6 EE: 1.3 logMAR Reduced central and
peripheral sensitivity

3 M 26 High school
degree,
administrative
clerk

Retinitis pigmentosa 5 EE: 0.7 logMAR Central 5 degrees

4 M 40 High school
degree, real
estate agent

Retinitis pigmentosa 20 EE: 0.7 logMAR Central 5 degrees

5 M 57 Primary school,
retired clerk

Retinitis pigmentosa 30 RE: 0.9 logMAR
LE: 0.7 logMAR

Central 10 degrees

6 F 44 High school
degree,
professional
nurse

Retinitis pigmentosa 27 RE: 0.9 logMAR
LE: 0.8 logMAR

Central � 5 degrees

7 M 46 High school
degree,
Administrative
clerk

Retinitis pigmentosa 23 EE: 0.7 logMAR Central 5 degrees

8 F 38 High school
degree,
Administrative
clerk

Glaucoma 5 EE: 0.8 logMAR Reduced central and
peripheral sensitivity

9 F 37 High school
degree,
Administrative
clerk

Retinitis pigmentosa 12 RE: 0.7 logMAR
LE: 0.6 logMAR

Central 5 degrees

10 F 39 High school
degree,
Administrative
clerk

Retinitis pigmentosa 23 EE: 0.6 logMAR Central 5–10 degrees

11 F 38 High school
degree,
Administrative
clerk

Retinitis pigmentosa 18 EE: 0.6 logMAR Central 5–10 degrees

12 M 34 High school
degree,
Administrative
clerk

Retinitis pigmentosa 19 EE: 0.6 logMAR Central 5 degrees

13 F 55 High school
degree,
retired clerk

Occipital
hemorrhage

20 EE: 0.5 logMAR Reduced central and
peripheral sensitivity

14 M 48 High school
degree,
administrative
clerk

Retinitis pigmentosa 10 EE: 0.7 logMAR Central 10 degrees

15 F 43 High school
degree,
administrative
clerk

Retinitis pigmentosa 10 EE: 0.6 logMAR Central 10 degrees

16 F 41 High school
degree/
Administrative
clerk

Stargardt’s disease 8 EE: 1.3 logMAR Reduced central and
peripheral sensitivity
Note: VA � visual acuity with the best correction (logMAR), VF � visual field, LE � left eye, RE � right
eye, and EE � both eyes.
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trix
F(1,30) � 67.16, MSE � 8555.09, p �
.001, and when four (mean correct �
65.63%) rather than six targets (mean cor-
rect � 58.72%) had to be memorized,
F(1,30) � 41.72, MSE � 4571.94, p �
.001. Condition was also significant,
F(2,60) � 72.43, MSE � 13872.92, p �
.001. Pairwise comparisons (Bonferroni
adjustment for multiple comparisons was
applied) revealed that the single matrix
condition (mean correct � 73.84%) led to
a better performance than did both the

Figure 1. Example of matrices used in the tact
condition (six targets); (b) 2-D multiple mat
condition (six targets); and (d) 3-D single ma
multiple matrices (53.84%), t(31) �

286 Journal of Visual Impairment & Blindness, May 2007
11.45, p � .001, and the integration con-
ditions (58.84%), t(31) � 8.76, p � .001.
Moreover, the participants performed sig-
nificantly better in the integration condi-
tion than in the multiple matrices condi-
tion, t(31) � 3.01, p � .01. Finally, the
condition significantly interacted with the
number of targets, F(2,60) � 5.03, MSE
� 238.48, p �.001, because the difficulty
associated with the increasing number of
targets was less evident in the multiple
matrices condition. No other interaction

ersion of the task in the (a) 2-D single matrix
condition (six targets); (c) 2-D integration

condition (four targets).
ile v
rices
was significant (see Figure 2).
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Figure 2. Mean percentage correct performance in the tactile (a) and the visual (b) modality
for the 2-D single (S) matrix, 2-D multiple (M) matrices, 2-D integration (I) matrices, and 3-D
single matrix conditions with four and six targets in participants with congenital and late visual

impairments. Error bars depict standard deviations.
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A second ANOVA was carried out to
verify the effect of dimensionality (2-D
versus 3-D) on the accuracy of spatial
memory, taking into account the effect
of modality (visual versus tactile). The
analysis compared only the percentage
of positions that were correctly re-
trieved in the single-matrix 2-D condi-
tion and the single-matrix 3-D condition
(data obtained in the other two 2-D con-
ditions—multiple and integration—
were not considered). The visual mo-
dality was again easier than the tactile
modality (76.14% versus 68.62%), F(1,
30) � 40.65, MSE � 1809.39, p � .001.
The results also revealed a significant
main effect of group, F(1,30)�11.15,
MSE�2677.44, p � .005, indicating
that the participants who were congen-
itally visually impaired outperformed
those who were late visually impaired
(mean correct � 76.95% versus
67.81%). Finally, although the main ef-
fect of dimensionality was not signifi-
cant, dimensionality and modality sig-
nificantly interacted, F(1,30) � 9.42,
MSE�410.29, p � .01. Pairwise com-
parisons (a Bonferroni adjustment for
multiple comparisons was applied)
showed an advantage of 2-D matrices
over 3-D matrices in the visual modality
(79.40% versus 72.88%), t(31) � 3.08,
p � .005, but not in the tactile modality
(68.29% versus 68.95%), t(31) � �.32,
p � .5.

Discussion
Having no vivid visual experience from
birth, as opposed to loosing it after a
number of years, has a different effect on
visuospatial processes. This difference
seems to be “quantitative,” rather than

“qualitative.” In fact, the participants who
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were congenitally visually impaired per-
formed better than did those who were
late visually impaired when they were
required to remember a number of loca-
tions that were presented on tactile or
visual matrices, although the two groups’
general pattern of performance was iden-
tical. We suggest that the better perfor-
mance of the participants who were con-
genitally visually impaired compared to
the performance of the participants who
were late visually impaired depended on
more developed compensatory mecha-
nisms in the former group. These data are
in line with previous research on individ-
uals who are visually impaired (not blind)
that has demonstrated that more efficient
compensatory mechanisms are associated
with the earlier onset of visual impair-
ment (Baker et al., 2005; Smirnakis et al.,
2005; Sunness et al., 2004). Other lower-
level factors (different residual visual
acuity and visual field and differences in
mobility skills) may also account for the
advantage of the participants who were
congenitally visually impaired.

With regard to the etiology of the visual
impairment and its effect on the visual field,
retinitis pigmentosa was the main cause of
visual impairment in the late visually im-
paired group, whereas nerve atrophy, glau-
coma, and myopia were the main causes in
the congenitally visually impaired group.
Retinitis pigmentosa is usually accompa-
nied by the loss of the peripheral visual
field, while the central visual field can be
relatively preserved. Conversely, the partic-
ipants who were congenitally visually im-
paired had decreased sensitivity in both the
peripheral and central visual fields. Thus,
the two groups differed in both the age of
onset of their visual impairments and their

residual visual fields. However, we exclude
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the possibility that the difference in perfor-
mance in this spatial task was caused by the
latter factor. First, a preserved central visual
field is more important for this type of task
than is a preserved peripheral field (the lat-
ter being more critical in navigational
tasks). Overall, the participants who were
late visually impaired had preserved central
vision (with the exception of two individu-
als with Stargardt’s disease) and hence
should have outperformed those who were
congenitally visually impaired.

Moreover, peripheral and tunnel vision
led to a comparable performance in a
study of the role of concomitant vision in
improving haptic performance (Millar &
Al-Attar, 2005). The task required the
participants to memorize locations that
were presented on a tactile map without
vision, with concomitant full vision, with
peripheral vision, with tunnel vision, or in
a condition of residual diffuse light per-
ception (by using particular spectacles).
Millar and Al-Attar noticed that in the
peripheral vision condition—thanks to
appropriate head movements—the partic-
ipants could count on an adequate (al-
though blurred) view of the relevant stim-
uli. Similarly, in the tunnel vision
condition, they were able to obtain a clear
view of any area of the map by moving
their heads appropriately. In fact, periph-
eral and tunnel vision do not determine
differences in perception as long as par-
ticipants are free to move their heads. In
our study, the participants were free to
move their heads, and none reported dif-
ficulty visualizing the matrices; on this
basis, we exclude the idea that the differ-
ences between the congenitally visually
impaired and the late visually impaired
groups were visual field dependent.

Taken together, our results and Millar and
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Al-Attar’s suggest a marginal role for the
residual field of view in static spatial
memory tasks.

Furthermore, the participants who were
congenitally visually impaired had re-
duced visual acuity (although not signif-
icantly reduced, p � .05) compared to
those who were late visually impaired.
Therefore, the advantage of the partici-
pants who were congenitally visually im-
paired over those who were late visually
impaired is even more striking. Hypothe-
sizing a role of visual acuity in determin-
ing the pattern of results that was ob-
tained, one would expect that the higher
the visual acuity, the better the accuracy
in performing tasks (at least in the visual
version of the task). However, this was
not the case, and no interaction was found
between group and task modality (visual
versus tactile). Visual acuity does not
seem to play a critical role in the perfor-
mance of these tasks.

Another important factor to be consid-
ered is a possible difference in the mobil-
ity capacities of the two groups, since
spatial competence may depend more on
skills of individuals in traveling indepen-
dently than on prior visual experience
(Loomis et al., 1993). However, since all
the visually impaired participants in our
study were matched for their ability to
travel independently in familiar environ-
ments, the observed differences between
the two groups cannot be due to different
skills in traveling independently (see
Loomis et al., 1993). The advantage of
the participants who were congenitally
visually impaired may have depended on
their longer practice in coping with their
reduced visual experience, compared to
those who were late visually impaired.

However, the participants who were late
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visually impaired had been visually im-
paired for many years (an average of 15
years), so that their level of practice with
reduced vision should have been compa-
rable to that of the participants who were
congenitally visually impaired.

Finally, it may be argued that the ad-
vantage of the participants who were con-
genitally visually impaired over those
who were late visually impaired de-
pended on a more developed attentional
mechanism. Indeed, previous research
found that the attentional performance of
participants who were early blind was
greater than that of a matched control
group of sighted participants, which sug-
gests that greater attention compensates
for the lack of vision by developing ca-
pacities in the nonvisual senses that ex-
ceed those of sighted people (Collignon,
Renier, Bruyer, Tranduy, & Veraart,
2006). However, other research has dem-
onstrated that attentional mechanisms—
for instance, those that are involved in
focusing auditory attention in the periph-
ery—improve to a similar extent in per-
sons with early and late blindness, al-
though different cortical mechanisms
seem to be involved in the two groups
(Fieger, Röder, Teder-Sälejärvi, Hillyard,
& Neville, 2006).

In line with the previous consider-
ations, the most likely explanation for the
advantage of the participants who were
congenitally visually impaired over those
who were late visually impaired is the
development of more drastic compensa-
tory mechanisms that are associated with
a congenital deficit. Our data suggest that
the brain capacity to function on the basis
of a reduced visual percept is modulated
by the timing of the onset of the visual

impairment, as is the case with total
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blindness (Arno et al., 2001; De Volder et
al., 2001; Despres et al., 2005; Hübel &
Wiesel, 1977). Neuroimaging research by
Sadato, Okada, Honda, and Yonekura
(2002) showed that cortical reorganiza-
tion is more efficient for braille reading
when the blindness occurred before age
16, a critical time for a functional shift of
the primary visual cortex from processing
visual stimuli to processing tactile infor-
mation. All the participants in our study
who were late visually impaired became
visually impaired after age 16; thus, ac-
cording to Sadato et al. (2002), the extent
of the cortical reorganization phenome-
non was likely to be more pronounced in
the congenitally visually impaired than in
the late visually impaired group.

With regard to the pattern of perfor-
mance, all the participants found memo-
rizing targets on a single matrix (irrespec-
tive of its dimensionality) easier than
remembering targets that were presented
on two different matrices (the multiple
and integration conditions). Moreover,
the two groups were similarly affected by
the increasing number of to-be-
remembered targets that affected their
overall performance. It is likely that the
decrease that was observed both when
stimuli were two distinct matrices (mul-
tiple and integration conditions) and
when the number of targets increased was
a direct consequence of the increased
complexity of the configurational set,
rather than of the presence of a visual
deficit; similar effects were reported with
sighted individuals who were tested on
comparable tasks (Vecchi, Monticelli, &
Cornoldi, 1995).

It is interesting that both groups per-
formed better in the integration condition

than in the multiple matrices condition.
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Although the amount of memory load (in-
put) was the same for the two conditions,
the participants were aware that, in the
integration condition, they had to retrieve
all the target locations within a single
matrix. In this type of situation, certainly
the most effective strategy is to generate a
novel representation in which all the tar-
get locations are included, so that one has
to maintain a single representation instead
of two. If maintenance is facilitated, the
previous phase of generating the internal
representation may require greater effort
in the integration condition (in which two
configurations are combined into a single
representation) than in the multiple ma-
trices condition (in which the mental rep-
resentations are just copies of the original
visual percept). In the case of sighted
people, we do not necessarily expect an
advantage of one condition over the other
(possible advantages, in any direction,
may be due to individual variables, such
as age and gender, that have been found
to be particularly sensitive to the active or
operational processes that are required;
see, for example, Cornoldi & Vecchi,
2003).

An advantage of the integration condi-
tion over the multiple condition is less
surprising in a person who is visually
impaired, since the visuospatial memory
system of a visually impaired person is
likely to develop an exceptional capacity
to cope with missing information to gen-
erate coherent representations. Although
the visuospatial system of a person who is
visually impaired works on the basis of
limited visual experience, previous stud-
ies have suggested that it may nonetheless
generate appropriate internal representa-
tions of the external visual world (see, for

example, Wolffe, 1995). The cognitive
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processes that underlie integration tasks
are centered on operational mechanisms
that are overdeveloped in people who are
visually impaired; thus, they determine
the better performance of tasks, such as
integration matrices, that mainly tap into
these functions.

Although the participants’ overall per-
formance was better with four than with
six targets, this advantage was less pro-
nounced in the multiple matrices condi-
tion than in the other two conditions. The
capacity to generate a mental representa-
tion that exactly resembles the original
input may be already overloaded with
fewer targets in the multiple matrices
condition (but not in the integration con-
dition, which involves higher imagery
processes), so that the increasing number
of targets does not affect performance.

With regard to the dimensionality of
the stimuli, we reported a general advan-
tage of 2-D versus 3-D matrices in the
visual modality, which was probably due
to the visual deficit directly interfering
with the acquisition of the visual stimuli.
In fact, the participants who were visually
impaired were not affected by the use of
3-D versus 2-D matrices in the tactile
modality, whereas using 3-D mental rep-
resentations is difficult for people who are
blind (Cornoldi et al., 1991, 1993). If the
mental representations of the participants
who were late visually impaired appeared
to be only quantitatively different from
those of the sighted participants (see, for
example, Vecchi et al., 2006), the limita-
tions observed in the blind participants
were more qualitative. In fact, the cortical
mechanisms in a person who is blind de-
velop mainly on the basis of touch and
hearing, which allow for only a sequential

encoding of the information; thus at a
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higher cognitive level, the person has spe-
cific difficulties simultaneously maintain-
ing multiple images in memory (see Vec-
chi, Tinti, & Cornoldi, 2004). It has been
suggested that processing 3-D represen-
tations may involve the simultaneous
maintenance of multiple views of the
same image, which requires some sort of
parallel processing (Vecchi et al., 2004).
Accordingly, the maintenance of multiple
information in memory was found to be
impaired in the participants who were
blind, while integration processes were
relatively unaffected (Vecchi et al.,
2004).

Finally, regardless of the effects that
are directly dependent on the visual def-
icit interfering with the generation of vi-
sual images that are associated with the
visual percept, the pattern of performance
was otherwise identical across the visual
and tactile modalities, suggesting the ex-
istence of supramodal cognitive pro-
cesses. In fact, supramodal cerebral areas
that are capable of processing information
that is delivered by different sensorial
channels have been identified (see Easton,
Srinivas, & Greene, 1997; Pietrini et al.,
2004; Stein & Meredith, 1993).

In conclusion, the findings of this study
offer further insights into the ways in which
cognitive processes develop in the presence
of severe sensory loss. They have shown
that the onset of visual impairment is con-
sistently associated with the presence of
compensatory mechanisms that allow the
system to minimize the effects of reduced
sensorial stimulation.
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