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1. Introduction

The existence of a spatial representation of time,
where temporal intervals are represented on a mental
temporal line (MTL), oriented in ascending order from
left to right, was demonstrated manipulating spatial
attention by means of Prismatic Adaptation (PA). In
young healthy subjects, prisms adaptation inducing a
rightward shift of spatial-attention produced an overes-
timation of time intervals, whereas prisms adaptation
inducing a leftward shift of spatial-attention produced
an underestimation of time intervals [4]. The aim of the
present study was to investigate the neural basis medi-
ating the effects of PA on spatial time representation.

Posterior-Parietal-Cortex (PPC) is the best candidate
to discharge this function. Indeed, neuropsychological
and neurophysiological studies designate right-PPC as
the site of space-time interaction [1,3,7]. Concerning
the neural bases of PA procedures, left and right-PPC
are involved in different phases of PA procedure [2,5,
6].

Here we investigated, by using TMS, the role of the
Posterior-Parietal-Cortex (PPC) in spatial representa-
tion of time and in cerebral plasticity phenomena me-
diating prismatic adaptation effects on time processing.
To this aim, healthy subjects were submitted to a tem-
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poral task before and after PA. TMS was applied on left
or right PPC, before or after PA.

If the right (left) PPC is the key area leading the
effects of PA on time, a reduced effect of PA on time
is expected for TMS over right (left) PPCboth before
and after PA. If the right (left) PPC plays a role in PA
procedure and not in mediating PA effects on time, the
effect of TMS over right (left) PPC is expected for TMS
appliedbefore and not after PA.

2. Methods

A blue square (1cmx1cm) was presented on the cen-
ter of the PC screen for a variable time interval (1600,
1800, 2000, 2200, 2400 ms) (encoding). After expo-
sure to the blue square, a red square was presented and
subjects were required to reproduce half the duration
of the blue square (time bisection task) by pressing the
space-bar on the keyboard.

Prismatic lenses inducing rightward shift of spa-
tial attention were used (for details of PA procedure
see [4]).

rTMS was applied over the parietal scalp sizes cor-
responding to P3 and P4 position of the 10–20 EEG
system (for details of rTMS protocol see [7]).

Twenty-four right-handed healthy-subjects (1 men;
range= 19 to 26 years; mean age= 21.71) participat-
ed in the study. Subjects were divided in four groups
(six persons each), submitted to TMS on right-PPC,
before (G1) and after-PA (G2), and on left-PPC, be-
fore (G3) and after-PA (G4). Subjects performed a
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Fig. 1. Mean difference between reproduced time intervals before-PA minus after-PA, in baseline condition and in tms condition, for TMS over
right-Posterior Parietal Cortex (r-PPC) (1a) and over left-Posterior Parietal Cortex (l-PPC) (1b) before-PA (tms before PA) and after-PA (tms after
PA). Larger values indicate an overestimation.

baseline condition(B-condition) and aTMS condition
(TMS-condition). In the baseline condition subjects
were submitted to the time task before and after-PA. In
the TMS-condition TMS was applied on right-PPC or
on left-PPC, before and after-PA, according with the
previously assigned Group (G1-G4).

3. Results and discussion

To verify the effects of PA on spatial time repre-
sentation, subjects’ performance before and after-PA
was compared (T-test). Results showed that time inter-
vals were overestimated after-PA respect to before-PA
(977 ms vs 1052 ms,p < 0.0001).

To check whetherTMS on the right-PPCinterfered
with the effects of PA on time, an ANOVA with Group
as between-groups variable (G1 and G2) and Condi-
tion (B-condition vs TMS-condition) as within-groups
variable was performed. Analysis was conducted on
the mean difference between reproduced time inter-
vals before-PA minus after-PA (ms), so that larger val-
ues indicate overestimation. Condition was significant
[F(1,10)= 5,87;p < 0.04]: the overestimation found

in B-condition was reduced in TMS-condition (91 ms
vs 28 ms). Since Group and Group X Condition were
not significant, TMS on right-PPC reduces the effect of
PA on time regardless it is delivered before or after-PA
(Fig. 1a).

A similar ANOVA was performed with G3 and G4
as between-groups variable, to verify whetherTMS on
the left-PPCinterfered with the effects of PA on time.
The interaction Group X Condition [F(1,10)= 20,64;
p < 0.002] showed a reduction of the overestimation
induced by PA when TMS was applied before-PA (G3)
(82 ms vs−6 ms,p < 0.05), and an increment of the
overestimation induced by PA when TMS was applied
after-PA (G4) (42 ms vs 158 ms,p < 0.02) (Fig. 1b).

Finally the influence of TMS on PA procedure, was
explored by using two separate ANOVAs (one for
G1/G2, and one for G3/G4). Analysis were conduct-
ed on the mean of pointing displacement (degrees of
visual angle) after prismatic lenses exposure (the so
called after-effect). Group was considered as between-
groups variable and Condition (B-condition vs TMS-
condition) as within-groups variable. For right-PPC no
significant effects were found. For left-PPC the in-
teraction Group X Condition was significant [F(1,10)
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= 4,97;p < 0.05]: after-effect was reduced in TMS-
condition respect to B-condition for TMS applied
before-PA (2,5◦ vs 3,6◦, p = 0.07) but not after-PA
(3,6◦ vs 3,5◦, p = 0.99).

4. Conclusion

Results suggest that right-PPC plays the most impor-
tant role in mediating the effect of PA on spatial repre-
sentation of time, since a reduced effect of PA on time
representation (a reduced overestimation) was obtained
after TMS over right-PPC, independently from TMS
was applied before or after PA.

Left-PPC interferes with PA procedures since the ef-
fects on time were evident only when TMS was applied
before PA. Moreover, left-PPC acts inhibiting the ef-
fects of the right-PPC, actually its inhibition increased
the effects of PA on time.
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