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Abstract Visual stimuli that exhibit vertical symmetry
are easier to remember than stimuli symmetric along
other axes, an advantage that extends to the haptic
modality as well. Critically, the vertical symmetry mem-
ory advantage has not been found in early blind indi-
viduals, despite their overall superior memory, as
compared with sighted individuals, and the presence of
an overall advantage for identifying symmetric over
asymmetric patterns. The absence of the vertical axis
memory advantage in the early blind may depend on
their total lack of visual experience or on the effect of
prolonged visual deprivation. To disentangle this issue,
in this study, we measured the ability of late blind
individuals to remember tactile spatial patterns that were
either vertically or horizontally symmetric or asymmet-
ric. Late blind participants showed better memory per-
formance for symmetric patterns. An additional
advantage for the vertical axis of symmetry over the
horizontal one was reported, but only for patterns

presented in the frontal plane. In the horizontal plane,
no difference was observed between vertical and hori-
zontal symmetric patterns, due to the latter being
recalled particularly well. These results are discussed
in terms of the influence of the spatial reference frame
adopted during exploration. Overall, our data suggest
that prior visual experience is sufficient to drive the
vertical symmetry memory advantage, at least when an
external reference frame based on geocentric cues (i.e.,
gravity) is adopted.
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Introduction

Symmetry has been found to aid visual spatial memory for
patterns, even when the task does not direct attention to that
property, with an additional advantage for the vertical axis
of symmetry over other orientations (Rossi-Arnaud, Pieroni,
& Baddeley, 2006, Rossi-Arnaud, Pieroni, Spataro, &
Baddeley, 2012). Notably, the vertical axis advantage per-
sists regardless of concurrent (phonological, visuospatial, or
executive) interference and independently of individual dif-
ferences in span size, leading to the conclusion that vertical
symmetry enhances memory in an automatic fashion (Rossi-
Arnaud et al., 2006, Rossi-Arnaud et al., 2012), whereas
horizontal and diagonal symmetry seem to require more
effortful processing. Similarly, in visual symmetry detection
tasks, vertical symmetry is the easiest to detect (i.e., most
salient), followed by horizontal and then oblique orienta-
tions (e.g., Herbert & Humphrey, 1996, Locher &
Wagemans, 1993, Wagemans, Van Gool, & d’Ydewalle,
1992, Wenderoth, 1994). This may be related to the fact
that many objects of interest in the visual world exhibit
vertical symmetry, such as human faces and bodies and
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other natural (e.g., animals) and nonliving (e.g., buildings,
tools) objects.

Symmetry also aids tactile judgments of shapes and
memory for haptically explored configurations. For in-
stance, Ballesteros, Millar, and Reales (1998) found that
symmetry facilitated tactile processing when participants
had to judge whether raised-line shapes were open or closed.
We previously reported (Cattaneo et al., 2010) that in a task
requiring memorization of the position of a number of cells
on haptically explored 2-D configurations, blindfolded
sighted participants remembered symmetric configurations
better than asymmetric ones. Moreover, as in the visual
modality (Rossi-Arnaud et al., 2006, Rossi-Arnaud et al.,
2012), vertically symmetric patterns were remembered bet-
ter than horizontally symmetric ones. Notably, though, early
blind participants tested in the same task recalled vertically
and horizontally configurations equally well (Cattaneo et al.,
2010). We interpreted these findings as suggesting that the
vertical symmetry advantage for haptic spatial memory ob-
served in blindfolded sighted participants is likely to have a
visual origin. There is evidence that sighted individuals
usually adopt a visual translational process when attempting
to identify stimuli by touch (e.g., Afonso et al., 2010, Lacey,
Flueckiger, Stilla, Lava, & Sathian, 2010, Scocchia, Stucchi,
& Loomis, 2009). It is thus possible that the sighted gener-
ate a visual representation of the explored patterns in which
vertical symmetry “pops out” as being most salient.

Our previous findings do not clarify whether the memory
advantage for vertical symmetry is lacking in the early blind
because of the congenital absence of sight or whether a
prolonged deprivation of vision per se can also lead to
similar effects. To clarify this issue, in this follow-up study,
we investigated the ability of late blind individuals to re-
member spatial configurations that were either vertically or
horizontally symmetric or asymmetric (using the same task
as that described in Cattaneo et al., 2010). In contrast to the
congenitally or very early blind, late blind individuals pos-
sess previous visual experiences and memories. This study
was designed to disambiguate the possibility that early
visual experience mediates the vertical symmetry advantage
in a memory task.

To permit direct comparison with the results of our pre-
vious study (Cattaneo et al., 2010), patterns were presented
in both a horizontal (lying on a table) and a frontal (perpen-
dicular to the line of sight) plane. We originally introduced
this manipulation expecting that vertically symmetric pat-
terns would be remembered better when presented frontally
than when presented horizontally, given that vertical sym-
metry is more typically perceived in the frontal plane (e.g.,
faces, buildings). Although we found that plane of place-
ment did not affect performance in either the sighted or early
blind (Cattaneo et al., 2010), this experimental manipulation
remains potentially important. There is evidence that given a

spatial reference frame (e.g., one based on environmental
cues, such as gravity or on perceiver position, or even a
more “intrinsic” frame that is centered on perceived objects;
see Carlson, 1999), preferences in haptic-based tasks vary in
blind and sighted participants depending on the (frontal vs.
horizontal) plane of presentation (e.g., Gentaz & Hatwell,
1998, Struiksma, Noordzij, & Postma, 2011). In the blind,
the preference for a particular reference frame may also be
related to their haptic experience. Specifically, the blind
typically touch and manipulate objects oriented along a
horizontal plane (e.g., Braille is normally read on a horizon-
tal surface), whereas exploring in the frontal plane may be
less familiar.

Method

Participants

Twelve late blind (4 female; mean age, 54.3 years ± 6.1 SD),
and 12 sighted control participants (4 female; mean age,
55.5 years ± 6.0 SD) took part in the experiment. All the
late blind participants had documented profound vision loss
and were all proficient Braille readers. The mean duration of
blindness was 29.8 years ± 14.6 SD, and mean age of
blindness onset was 24.4 years ± 14.0 SD. All causes of
blindness were of ocular origin and were not associated with
a central neurological disorder. Table 1 summarizes the
characteristics of the blind participants. All participants
were right-handed (Oldfield, 1971). A local ethics commit-
tee approved the experiment.

Materials

The materials and procedure were the same as those used to
test early blind individuals (see Cattaneo et al., 2010). This
memory matrix task has been used in previous studies
testing memory span in blind and visually impaired partic-
ipants (e.g., Cattaneo & Vecchi, 2008). Briefly, tactile stim-
uli were two-dimensional wooden matrices measuring
approximately 20 cm a side and consisting of 25 perceivable
cells. Each cell in the matrix measured 4 cm a side and was
2 mm high, as compared with the matrix plane. The gap
distance between each cell was 5 mm. Tactile differences
were created by covering 7 cells with sandpaper (220 grit
and covering the entire surface of the cell) on each trial.
Matrices were presented in both a horizontal and a frontal
plane. In the horizontal plane condition, matrices were pre-
sented on a table. The center of the matrix was aligned with
the participant’s body midline, and the bottom side of the
matrix was placed at a distance of about 20 cm away from
the participant. In the frontal plane, the matrix was aligned
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with the participant’s body midline. The bottom side of the
vertical matrix was fixed at a height of about 10 cm above
the table (a wooden panel was used to hold the matrices) at a
distance of 20 cm away from the participant. Configurations
were not made of any movable components, but different
panels were created with fixed configurations so that the
entire configuration was swapped on each trial. Three con-
figurations were tested: symmetric along the vertical axis
(VS), symmetric along the horizontal axis (HS) and non-
symmetric (NS). Examples of the three different types of
configurations and testing conditions are shown in Fig. 1.
For matrices presented in the frontal plane, the vertical axis
of symmetry was in the direction of the force of gravity (i.e.,
parallel to the participants’ midline axis), and the horizontal
axis of symmetry was perpendicular to that (i.e., parallel to

the horizon). When the matrices were presented in the
horizontal plane, the vertical and horizontal axes of orienta-
tion referred to the horizontal tabletop. That is, the vertical
axis of symmetry was in direct vertical (tabletop projected)
alignment with the midpoint of the participants’ body (i.e.,
perpendicular to the horizon), and the horizontal axis of
symmetry was parallel to the horizon (see Ballesteros et
al., 1998).

Procedure

Participants were seated comfortably at a table. Sighted
participants were blindfolded throughout the entire experi-
ment. One blind participant (see Table 1) could perceive the
movement of her hand and was, therefore, blindfolded.
Although some of the other blind participants had some
residual light perception (e.g., locating a light source in the
dark; see Table 1 for details), none of them could perceive
shape or contrast and, thus, visually distinguish the matrices.
For this reason, the blindfold was not used. The experiment-
er positioned the participants’ hands in the middle of the
matrix (parallel to the midbody axis) as the starting position
on each trial. Participants were instructed to tactilely explore
the matrices and to memorize the positions of the target
cells. Participants were unaware that symmetry was being
investigated in the study. The exploration phase lasted 16 s,
recorded by the experimenter. A chronometer was used to
time the duration of the exploration, and the end of the
exploration time was signaled by a “beep.” The recall phase
followed the exploration phase, with an approximate delay
of 1–2 s needed to replace the target matrix with the re-
sponse matrix. Before starting the experiment, participants

Table 1 Characteristics of late blind participants

Participant Sex Age
(years)

Years of
education

Blindness etiology Age of
onset

Level of visual function

1 M 58 16 retinal detachment 5 NLP

2 M 49 13 retinitis pigmentosa 11 light perception left eye only

3 M 56 15 retinitis pigmentosa 5 light perception

4 F 63 15 retinal detachment 23 NLP

5 M 53 17 retinal detachment 24 NLP

6 M 60 10 congenital glaucoma and retinal
detachment

38 NLP

7 M 57 17 ocular cicatricial pemphigoid 46 NLP

8 F 50 10 retinitis pigmentosa 40 light perception (shadows)

9 M 61 17 retinitis pigmentosa 25 NLP

10 M 47 14 bilateral optic nerve trauma 35 NLP

11 F 54 11 retinitis pigmentosa 30 light perception (shadows and hand
motion)

12 F 43 19 unknown 11 light perception

Note. NLP: no light perception

Vertical 
symmetry

Horizontal
symmetry

No 
symmetry

Fig. 1 A schematic representation of the three types of tactile stimuli
configurations used in the study (from left to right: vertically symmet-
ric, horizontally symmetric, and asymmetric). Stimuli were presented
in the frontal (upper panel) and horizontal (tabletop; lower panel) plane
conditions
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were told that they could explore the matrices using one
hand or two hands, and in any order they preferred (i.e.,
scanning direction). The only limitation was the fixed ex-
ploration time of 16 s. At testing, participants were required
to indicate (by pointing with their right index finger) the
positions of the memorized target cells on a corresponding
blank matrix. There was no time limit for responding. For
each plane (horizontal and frontal), there were 6 trials for the
three types of configurations (VS, HS, NS), for a total of 36
trials. The matrices in the horizontal and frontal planes were
presented in separate blocks (order was counterbalanced
across participants). VS, HS, and NS matrices in each block
were presented in random order. The experiment started
with 4 practice trials (not included in the analyses), 2 in
the horizontal and 2 in the frontal plane conditions. The
experiment took approximately 45 min to complete.

Results

Figure 2 shows performance accuracy (percentage of cor-
rectly remembered cells) for late blind and sighted partic-
ipants for each configuration and in the horizontal and

frontal plane conditions. A repeated measures ANCOVA
was carried out on accuracy (percentage of correctly remem-
bered cells) with configuration (VS, HS, NS) and plane
(horizontal vs. frontal) as within-subjects variables, group
(late blind vs. sighted) as a between-subjects variable, and
participants’ age as a covariate. Age was added as a cova-
riate in light of previous evidence suggesting that sensitivity
to visual bilateral symmetry may decline with increasing age
(Herbert, Overbury, Singh, & Faubert, 2002). Blindness
duration was also considered as an additional covariate in
the late blind group.

The analysis revealed a significant effect of configura-
tion, F(2, 42) 0 55.59, p < .01, hp

2 0 .73, with symmetric
configurations being remembered better than nonsymmetric
ones overall, with an additional advantage for VS over HS
configurations. The significant three-way plane × configu-
ration × group interaction, F(2, 42) 0 3.58, p 0 .037, hp

2 0

.15, suggested that this pattern depended on the plane of
presentation and on the visual status of participants (see
below). Plane (p 0 .52) and group (p 0 .93) were not
significant, nor were any of the two-way interactions (ps >
.05). Neither the covariate of age (p 0 .27) nor blindness
duration (p 0 .45) was significant, nor did either significant-
ly interact with any other factors (all ps > .05); thus, they
were not considered further in the analyses. Bonferroni
correction was applied to all post hoc comparisons.

The significant three-way plane × configuration × group
interaction was further analyzed by separate ANOVAs car-
ried out for each plane in order to look at possible group
differences depending on the type of configuration pre-
sented. In the frontal plane, the two groups performed sim-
ilarly (group × configuration interaction, p 0 .46):
Regardless of visual status, memory was better for VS than
for both HS (p < .001) and NS (p < .001) configurations and
for HS than for NS (p 0 .003) configurations. In the hori-
zontal plane, the group × configuration interaction was
significant, F(2, 44) 0 3.31, p 0 .046, hp

2 0 .13. As is shown
by Fig. 2, this interaction likely depended on late blind
participants performing particularly well with HS configu-
rations. Although independent samples t-tests failed to find
a significant group difference with any configuration—NS
(p 0 .49), HS (p 0 .18), and VS (p 0 .27)—additional
analyses showed that whereas sighted participants remem-
bered VS better than HS configurations, t(11) 0 4.67, p 0

.001, the vertical advantage was absent in the late blind, t
(11) 0 0.20, p 0 .85.

The exploratory strategies adopted by participants
were also considered. Overall, the majority of partici-
pants (regardless of visual status) used two hands for
exploration and started scanning from the upper row of
the matrix, keeping the two hands approximately paral-
lel, then descending down to the next row. Notably,
using one hand rather than two resulted in worse memory

Fig. 2 Mean percentage accuracy of late blind and blindfolded sighted
individuals with configurations symmetric along the vertical axis (VS),
horizontal axis (HS), and asymmetric (NS) configurations. Results are
shown for the horizontal (a) and frontal (b) plane conditions. Error bars
represent SEMs. *p < .05
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recall, and it was more detrimental for remembering symmet-
ric (especially VS) versus nonsymmetric configurations (see
Appendix for details).

Discussion

Symmetric patterns were remembered better than asymmet-
ric ones, regardless of participants’ visual status and plane of
placement. This finding confirms previous evidence indicat-
ing that symmetry, even if incidentally encoded, works as a
principle of Gestalt organization, reducing memory load
and, hence, aiding memory performance (Cattaneo et al.,
2010, Rossi-Arnaud et al., 2006, Rossi-Arnaud et al., 2012).
An additional memory advantage for the vertical axis of
symmetry over the horizontal one was observed in blind-
folded sighted participants, supporting previous findings
(Cattaneo et al., 2010, Rossi-Arnaud et al., 2006, Rossi-
Arnaud et al., 2012). The vertical axis advantage was also
present in the late blind, but only when configurations were
presented in the frontal plane. Conversely, when patterns
were presented in the horizontal plane (i.e., lying on a table),
the vertical axis memory advantage was not present. This
finding for the horizontal plane did not depend on vertically
symmetric configurations being remembered less well by
late blind, as compared with the sighted, participants.
Rather, blind participants seemed to be particularly efficient
in this condition in retrieving horizontally symmetric
configurations.

We previously showed that early blind individuals re-
membered symmetric configurations better than asymmetric
ones, indicating that symmetry facilitated grouping, reduc-
ing memory load. However, they did not show an advantage
for vertical over horizontal bilateral symmetry, as was the
case for blindfolded sighted participants (Cattaneo et al.,
2010). We thus speculated that the additional memory ad-
vantage for vertical symmetry was rooted in its visual sa-
lience. Here, we show that prior visual experience is
sufficient to produce a vertical symmetry advantage, but
only when configurations are presented in the frontal plane.
These findings can possibly be explained by considering the
influence of the reference frame participants adopted during
exploration.

It is likely that in the frontal plane, an “absolute” refer-
ence (i.e., related to the environment; see Carlson, 1999)
was predominant regardless of visual status. In fact, previ-
ous evidence with sighted and blind participants has shown
that in haptic exploration in the frontal plane, geocentric
cues (i.e., the direction of the pull of gravity) offer the most
powerful frame of reference (see Gentaz & Hatwell, 1996,
1998). Accordingly, it is possible that vertical symmetry
became more salient in the vertical plane due to the addi-
tional “reinforcement” (or priming) by the external vertical

frame of reference (coinciding with the lateral sides of the
matrices) (see Wagemans, 1992). In line with this, it has
been shown that the external frame may either reinforce
symmetry detection when frame and axis of symmetry are
aligned or interfere with symmetry detection in the case of a
misalignment between the two. For instance, Herbert,
Humphrey, and Jolicoeur (1994) showed that a tilted frame
eliminated the orientation bias for vertical symmetry, pro-
ducing a situation where vertical and tilted symmetry were
detected equally fast.

In the horizontal plane, “verticality,” even if skewed, was
still the main reference for sighted individuals. Conversely,
late blind individuals seemed to prefer an “intrinsic” (see
Carlson, 1999) reference frame—in the case of our task,
referring to the spatial disposition of the target cells with
respect to each other in which the internal horizontal axis of
symmetry gained importance. This finding is in line with
previous results reported by Struiksma et al. (2011), where
blindfolded sighted and blind participants (late and early
blind were considered as a single group) were tested on a
sentence verification task assessing which reference frame is
preferred when spatial language is matched to the haptic
domain. When objects whose reciprocal spatial relations
(e.g., “above,” “in front”) had to be judged were presented
in the frontal plane, the vertical gravity cue made the exter-
nal reference frame the dominant one regardless of visual
status. Conversely, when objects were presented on a hori-
zontal surface, the blind referred more to the “intrinsic”
(functional) relation between objects.

This explanation would also account for the pattern of
results we previously obtained with the early blind
(Cattaneo et al., 2010). In that case, the early blind did not
show a preference for vertical symmetry even in the frontal
plane, possibly due to their preference for an intrinsic refer-
ence frame regardless of stimulus placement. The sense of
frontal plane “verticality” may be less pronounced in the
early blind, given that they have never been visually ex-
posed to vertically symmetric objects. Conversely, late blind
individuals have exposure and experience with the visual
world for many years prior to losing their sight. We there-
fore speculate that this visual “imprinting” has made late
blind individuals more sensitive to the external environment
reference frame when exploring objects in the frontal plane
(in which vertical symmetry is usually salient). In this re-
gard, it is worth noting that blind individuals are taught to
use touch to explore objects as well as read Braille (note that
all our blind participants were Braille readers), typically on a
tabletop surface (i.e., horizontal plane). Therefore, we may
speculate that visual imagery (and hence, reference to the
rules of the visual world, such as the preferential occurrence
of vertical symmetry in the frontal plane) becomes more
important when late blind individuals explore objects in the
frontal plane, where they lack haptic familiarity. In fact,
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visual imagery has been found to play a critical role in
mediating tactile perception and recognition in normally
sighted individuals (see Lacey et al., 2010, Scocchia et al.,
2009), as also is suggested by the involvement of the occip-
ital cortex in haptic discrimination (e.g., Merabet et al.,
2007, Merabet et al., 2004). Accordingly, different studies
suggest that prior visual experience can be used by the late
blind to support their haptic and auditory perception, there-
by helping them to generate a mental representation of the
surrounding environment (e.g., Alary et al., 2008, Postma,
Zuidhoek, Noordzij, & Kappers, 2008, Vanlierde & Wanet-
Defalque, 2004).

In the present study, late blind and blindfolded sighted
participants showed an overall similar level of performance,
whereas for the same task, early blind participants outper-
formed their sighted peers in our previous work (Cattaneo et
al., 2010). Previous studies also have reported higher per-
formance in early blind, as compared with both late blind
and sighted, individuals in haptic tasks, thanks to their
superior haptic experience possibly mediated by compensa-
tory neuroplastic changes (for a review, see Cattaneo et al.,
2008). Nonetheless, recourse to visual imagery may facili-
tate performance in the late blind. Late blind individuals
have even been found to perform better than both blind-
folded sighted controls and congenitally blind individuals in
haptic picture recognition, thanks to the combined advan-
tage of increased haptic skills and the impact of prior expe-
rience with pictures (e.g., Heller, 1989, 2003). Hence, the
level of performance of early and late blind participants, as
compared with sighted participants, is likely to depend on
the specific task at play and, specifically, on the extent to
which this may call visual processes into play.

Finally, previous evidence suggests that the detection of
symmetry improves when two hands (rather than one) are
used for tactile exploration (Ballesteros, Manga, & Reales,
1997, Ballesteros & Reales, 2004). This was also the case
for congenitally blind participants (Cattaneo et al., 2010)
and for the late blind participants and sighted control par-
ticipants tested here. In fact, bimanual exploration allows
one to relate hand locations to the body axis, and this
provides an effective frame of reference for coding bilateral
features of objects (see also Millar, 1978). Moreover, bi-
manual exploration has been found to benefit performance
also in tasks requiring blindfolded sighted participants to
recognize tactile images of familiar objects (Wijntjes, van
Lienen, Verstijnen, & Kappers, 2008) and in shape discrim-
ination or drawing tasks tested in both sighted and blind
individuals (e.g., Russier, 1999, Vinter, Fernandes, Orlandi,
& Morgan, 2012). Previous evidence has shown that the
blind tend to employ both hands and use multiple strategies
in haptic recognition more often than do their sighted peers
(Rovira, Deschamps, & Baena-Gomez, 2011; see also
Heller, 1989). This may also be a consequence of the

specific training the blind receive, on the basis of the finding
that bimanual exploration enlarges the tactile field perceived
and, thus, enhances tactile/haptic performance (Loomis,
Klatzky, & Lederman, 1991). In our study, bimanual explo-
ration was spontaneously adopted as the main strategy by
the majority of participants, regardless of their visual status.
It is likely that the particular task induced the adoption of the
more effective exploratory strategy in sighted participants as
well, with different haptic exploratory strategies being suit-
able for providing information about different object prop-
erties (such as shape, size, or texture) (cf. Lederman &
Klatzky, 2009).

In summary, our findings suggest that symmetry overall
works as a Gestalt principle of spatial organization across
sensory modalities. Critically, having prior visual experi-
ence is sufficient to determine the emergence of a memory
advantage for vertical, as compared with horizontal, sym-
metry, but only for frontally presented patterns. This may
depend on vertical symmetry usually appearing in the front-
al plane in the visual world.
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Professor Johan Wagemans, and two anonymous reviewers for their
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Exploratory strategies

On each trial, the spontaneous exploratory strategy adopted
by each participant was noted by the experimenter. For the
purposes of the study, the experimenter recorded whether
the participant spontaneously used one hand or two hands for
the exploration and the direction in which the matrix was
explored (e.g., starting from the upper row, parallel vs. sequen-
tial search, etc.). Again, no explicit exploring strategy was
proposed to the participant prior to participating in the study.

Overall, late blind participants were quite consistent in their
exploration strategies. In particular, 8 out of the 12 blind
participants used two hands in exploring the matrices on all
trials, regardless of the plane of presentation. One participant
(participant 4) used only her right hand to explore the matri-
ces, keeping her left hand anchored to the left side of the
matrix. Two participants (participants 9 and 10) used both
hands on all the trials in the frontal plane, while in the
horizontal plane, these participants kept their left hand an-
chored to the left side of the matrix and explored the matrix
with their right hand only (both of these participants first
performed the task in the frontal plane and then in the hori-
zontal plane). Another participant (participant 6) did the op-
posite of the latter 2 participants, using two hands on all the
trials for the horizontal plane and only the right hand on all the
trials for the frontal plane (this participant first performed the
task in the horizontal plane and then in the frontal plane).
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Notably, memory performance of the 3 blind participants
who explored with one hand in the horizontal plane tended
to be poorer, as compared with the mean accuracy of the
other blind individuals who explored with two hands, being
equal to 61.90% for vertically symmetric (VS) configura-
tions (vs. 76.19% for the other 9 blind participants), t(10) 0
1.66, p 0 .13; 57.94% for horizontally symmetric (HS)
configurations (vs. 78.84% for the other 9 blind partici-
pants), t(10) 0 2.10, p 0 .062; and 38.10% for nonsymmetric
(NS) configurations (vs. 53.18% for the other 9 blind par-
ticipants), t(10) 0 1.33, p 0 .21. Similarly, memory perfor-
mance of the 2 blind participants who explored with one
hand in the frontal plane tended to be poorer, as compared
with the mean accuracy of the other blind individuals who
explored with two hands, their accuracy being equal to
53.58% for VS configurations (vs. 83.57% for the rest of
the group), t(10) 0 2.95, p 0 .014; 48.81% for HS config-
urations (vs. 70.24% for the rest of the group), t(10) 0 1.73,
p 0 .11; and 52.38% for NS configurations (vs. 58.81% for
the rest of the group), t(10) 0 0.47, p 0 .65. Notably, for both
the horizontal and the frontal planes, using one hand was
more detrimental for remembering symmetric versus asym-
metric configurations. Critically, when comparing memory
accuracy for VS and HS configurations in the two planes for
only the 8 blind participants who consistently used two
hands in both the horizontal and frontal planes, we replicat-
ed the same pattern of results as that found when all blind
participants were included, regardless of their exploration
strategy: VS configurations were remembered better than
HS configurations in the frontal plane, t(7) 0 5.38, p 0 .001,
but not in the horizontal one, t(7) 0 0.29, p 0 .78.

Late blind participants also tended to be very consistent
in the direction of the first exploration of the matrices
throughout the experiment. In particular, 11 blind partici-
pants always started scanning from the upper row of the
matrix (regardless of the plane of presentation), keeping the
two hands approximately parallel, with the left hand explor-
ing the left portion of the row and the right hand exploring
the right portion of the row, then descending down to the
next row (raising their hands and positioning them at the
beginning of the following row) and going down to the
bottom row (participants who scanned with one hand fol-
lowed an upper-left to bottom-right direction similar to a
reading-like motion). One blind participant (participant 1)
started exploration from the bottom row, in both the frontal
and horizontal plane presentation conditions.

Nine sighted participants used two hands on all the ex-
perimental trials, regardless of the plane of presentation,
following the “up–down search in parallel” strategy de-
scribed above on all the trials (with the exception of 1
participant, who, in the horizontal plane, followed a
bottom-to-top direction of exploration). The remaining 3
participants used only the right hand on all trials, while

keeping the left hand anchored to the left side of the matrix.
Two of the 3 sighted participants who scanned only with the
right hand followed a reading-like strategy of exploration on
all the trials (i.e., they started from the upper-left corner; when
they arrived at the end of the first row, they raised their hand
and restarted from the beginning of the second row, etc.).

The 3 sighted participants who explored with one hand
reported a mean percentage of accuracy (collapsed across
the two planes) of 72.22% for VS configurations (vs.
79.50% for participants who used two hands) and 62.70%
and 51.59% for HS and NS configurations, respectively
(sighted participants who used two hands scored 69.05%,
for HS and 53.17% for NS matrices). Overall, the use of one
hand rather than two seemed to be detrimental to memory
accuracy for vertical symmetric configurations only, t(10) 0
2.40, p < .05, whereas it did not significantly affect memory
for HS (p 0 .26) and NS (p 0 .84) configurations.
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