
Interhemispheric transfer of spatial and semantic information:
Electrophysiological evidence

ANNA DAL MOLIN,a,b CARLO ALBERTO MARZI,a,b MARIE T. BANICH,c and MASSIMO GIRELLIa,b

aDepartment of Neuroscience, University of Verona, Verona, Italy
bNational Institute of Neuroscience, Torino, Italy
cInstitute of Cognitive Science & Intermountain Neuroimaging Consortium, University of Colorado, Boulder, Colorado, USA

Abstract

The goal of this study was to cast light on the existence of functional callosal channels for the interhemispheric transfer
(IHT) of spatial and semantic information. To do so, we recorded event-related potentials in healthy humans while
performing a primed odd-even discrimination task. Targets were visually presented numbers preceded by single-letter
primes signaling the probable presentation of an odd or an even number. Primes and targets could appear either in the
same or in different visual fields, thus requiring an IHT in the latter case. The P1 and N2 components were influenced
by IHT of spatial information only, whereas the later N400 was influenced by IHT of both spatial and semantic
information. This was not the case for the P3b, which was modulated by semantic validity only. These results provide
novel evidence of the existence of a temporally separated interhemispheric exchange of spatial and semantic information.

Descriptors: Event-related potential, Corpus callosum, Semantic priming, Parity judgment, Interhemispheric interaction

That the corpus callosum (CC) is a crucial route for interhemi-
spheric transfer (IHT) of information is one of the main discoveries
of neuroscience in the 20th century (Gazzaniga, 2005; Myers &
Sperry, 1985). However, there remains much that is unknown
regarding the relationship between callosal transmission and cog-
nitive processing (Doron & Gazzaniga, 2008). One of the major
questions concerns how the anatomical organization and physi-
ological functioning of the CC support specific cognitive functions
(see Zaidel & Iacoboni, 2003). Of note, several studies have found
a relationship between individual differences in the structural prop-
erties of specific portions of the CC and variation in performance
on a given neuropsychological task (Doron & Gazzaniga, 2008).
These findings suggest that different portions of the CC may be
selective for interhemispheric integration of specific cognitive and
sensory-motor information. However, a functional demonstration
of the existence of different callosal channels is lacking. Some
advance in this respect is represented by recently obtained infor-
mation on the callosal distribution of fibers as a function of size and
presence of myelin sheath (Riise & Pakkenberg, 2011) that pro-
vides some hints as to how different information might be inte-
grated by different portions of the callosum, and the time frame in
which they are likely to do so. Expanding upon classic findings (see
Aboitiz, Ide, & Olivares, 2003), Riise and Pakkenberg (2011) have
shown that the number and size of axons are distributed along the
CC in a specific fashion reflecting differential interactions between
the hemispheres in different brain regions. Fibers of smaller diam-
eters decrease in density from genu to splenium whereas larger

fibers increase from anterior to posterior especially starting from
the posterior midbody. From a functional viewpoint, this pattern
fits with evidence that posterior regions transfer motor (Wahl et al.,
2007) as well as sensory information of various kinds (Fabri,
Polonara, Mascioli, Salvolini, & Manzoni, 2011; Pollmann, Mae-
rtens, von Cramon, Lepsien, & Hugdahl, 2002), that is, information
that must be quickly exchanged between the hemispheres. In con-
trast, the higher density of the slowly conducting small fibers in the
anterior portion of the CC is in keeping with a less strict speed
requirement for the complex operations subserved by the prefrontal
cortex. Hence, these data suggest that different types of informa-
tion may be shared between the hemispheres in distinct time
frames.

The aim of the present study was to determine whether different
types of cognitive processes might be integrated between the hemi-
spheres in distinct time frames presumably by different callosal
routes (Iacoboni & Zaidel, 1995; Ipata, Girelli, Miniussi, & Marzi,
1997). To do so, we carried out a joint behavioral and event-related
potential (ERP) study by using a primed odd-even discrimination
task that enabled us to investigate the IHT of spatial as well as
semantic information. The rationale of the experimental design was
as follows: Spatial IHT effects were assessed by comparing con-
ditions in which prime and target were presented to one and the
same hemisphere with those in which they were presented to dif-
ferent hemispheres independently from their semantic meaning.
IHT of semantic information was indexed by testing the interaction
between spatial location of cue and target and their semantic
relationship.

We used a parity judgment task (see Dehaene, Bossini, &
Giraux, 1993) in which a target digit was preceded by a letter prime
indicating whether the target was likely to be odd or even (the
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English equivalent of which would have been “o” or “e”). This
prime was either semantically valid or invalid for predicting the
subsequent target.

The predictions for the ERP results were as follows: If IHT of
spatial and semantic information occurs at different processing
stages, then early components should yield evidence for an IHT of
only spatial information. Only at later stages should an interaction
between spatial and semantic validity, indicating a differential
effect of the semantic prime in the transfer versus no-transfer
conditions, be observed. Alternatively, the lack of an interaction
between spatial and semantic factors with the presence of only a
spatial effect would indicate that a selective IHT of semantic infor-
mation does not occur and that all the information necessary for the
priming effect is transferred as raw material at early stages rather
than in a selective manner at later stages.

To examine these predictions, we analyzed the difference in
the amplitude of the various ERP components depending on both
the spatial relationship between prime and target as well as their
semantic relationship. When the spatial position of prime and
target yielded significant results, we interpreted this effect as
related to IHT since this manipulation contrasted conditions in
which information was directed either to the same or to different
hemispheres. When there was a significant interaction of spatial
and semantic effects, it was considered as a sign of IHT of
semantic information. Another source of information on the ERP
correlates of both spatial and semantic IHT was obtained by con-
sidering the hemisphere as a factor, namely, the hemisphere
directly receiving the input from the target (direct hemisphere:
DH) and the hemisphere receiving the target input indirectly
through the CC (indirect hemisphere: IH).

We analyzed four ERP components that index different stages
of processing. The first was P1, which is considered the earliest
signature of a spatial modulation of attention evoked by visual
stimuli (Mangun & Hillyard, 1991). Together with N1, this com-
ponent has been shown to yield an IHT difference in latency and
amplitude (Hopfinger & Mangun, 2001) when recorded in the
hemisphere contralateral as compared to the ipsilateral hemisphere
with respect to the visual field in which a stimulus is presented
(Brown, Larson, & Jeeves, 1994; Ipata et al., 1997; Marzi, 2010;
Miniussi, Girelli, & Marzi, 1998; Nowicka & Tacikowski, 2011;
Saron & Davidson, 1989).

The N2 is the second component considered in this study. It
occurs in a time range of 180–300 ms after stimulus onset and has
several subcomponents showing different scalp distributions
reflecting distinct cognitive operations (Folstein & Van Petten,
2008). The subcomponent of the N2 analyzed in our study is the
posterior N2 (also called N2c), which is particularly prominent in
the visual modality and is thought to represent orienting of atten-
tion in the visual field.

Thus, we took these two components as indexing processes
related to encoding of visual information and orienting to particular
spatial locations.

The next components were chosen to index semantic and
working memory processes. The third component considered was
N400, a large negative-going waveform in the time range of 350–
470 ms elicited by a semantic violation in a predicted context
(Kutas & Hillyard, 1980; Kutas, Hillyard, & Gazzaniga, 1988; Lau,
Phillips, & Poeppel, 2008; Van Petten & Luka, 2006). It occurs
when a word appears that violates the semantic context of a sen-
tence, but it also occurs for word pairs where a word (prime)
triggers a semantic context inconsistent with a second word (target)
and also in line drawings and object identification in visual scenes

(Ganis & Kutas, 2003; Ganis, Kutas, & Sereno, 1996; Holcomb &
McPherson, 1994). This is especially the case with long stimulus
onset asynchronies, such as those used in the present study, as they
are thought to activate a strategic process generating specific
expectancies about the target based on the prime. In such cases,
specific lexical or conceptual features are thought to be preacti-
vated by the working context, which makes them easier to access in
long-term memory. These considerations lead to a straightforward
prediction: When the target violates the context activated by the
prime, it should elicit a larger N400 than when prime and target are
semantically congruent. In the present study, we wanted to ascer-
tain if there was a spatial congruency effect that was specific to the
N400. If so, it would provide evidence of IHT of semantic infor-
mation. Prior research by Kutas et al. (1988) in commissurotomy
patients suggested that this component can index transfer of seman-
tic information, but to date there is no electrophysiological evi-
dence in neurologically normal individuals.

Finally, the fourth component considered was P300 (also
known as P3), which shows at least two subcomponents: P3a, with
a frontocentral scalp distribution, and P3b, with a parietal scalp
distribution. Only P3b is considered in the present study. This
component reflects “context updating,” a process occurring when
the current representation deviates from that held previously
(Donchin, 1981; Donchin & Coles, 1988; Knight & Scabini, 1998;
Polich, 2007; Verleger, Jaskowski, & Wauschkuhn, 1994). This
component is most robustly triggered when updates to memory are
rare, as in the classic oddball paradigm. To ensure that we could
consistently elicit a P3b, we had fewer semantically incongruent
than congruent trials. As such, our prediction was that we would
find a larger amplitude for the former than for the latter trials. In
contrast, we expected no effect of the spatial location of the prime
and target, as the neurogenerators of P3b have been found to be
bilateral (Polich, 2007).

Method

Participants

Eighteen students were recruited for the experiment. All were
right-handed and had normal or corrected visual acuity. They were
paid for their participation and signed an informed consent form.
The study was carried out in accordance with the Code of Ethics of
the World Medical Association (1964 Helsinki Declaration) printed
in the British Medical Journal July 18, 1964 and was approved by
the Departmental Ethics Committee. Five participants were dis-
carded because of poor accuracy in the task (more than 10% incor-
rect trials), excessive alpha and/or muscle activities in the
electroencephalogram (EEG), blinking, or eye movements. There-
fore, the following behavioral and electrophysiological analyses
are based on a final sample of 13 participants (9 females, mean age:
24.3 years).

Stimuli and Procedure

Stimuli were generated with the software E-Prime 1.0 (Psychology
Software Tools, Sharpsburg, PA, USA) and presented on a 17″
Philips CRT monitor (Amsterdam, the Netherlands) located at a
distance of 57 cm from the participant’s eyes. The primes were
either the capital letter P (for even: in Italian pari) or D (for odd: in
Italian dispari) or N (for neutral: in Italian neutro). Having a neutral
prime enabled us to determine how much a valid prime aids per-
formance (“benefits”) and how much an invalid prime hinders
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performance (“costs”). There were four even (2, 4, 6, 8) and four odd
targets (3, 5, 7, 9). Prime and target subtended on average a retinal
angle of 1° ¥ 1° and 1.2° ¥ 1.5°, respectively, and were displayed in
white (87 cd/m2) against a black background.At the beginning of the
experimental session, a small white fixation cross was presented at
the center of the screen. A trial was initiated whereby the size of the
cross was increased by about 15% lasting for 100 ms, representing a
warning signal requiring participants to keep their gaze on the
fixation cross throughout the trial. After 500 ms, a prime appeared
for 100 ms at 4.7° of visual angle randomly to the left or to the right
of fixation along the horizontal meridian. After a random interval
ranging between 500 ms and 700 ms, the target was presented for
100 ms at the same eccentricity as the prime randomly either to the
left or to the right of fixation. Electrooculographic (EOG) recording
enabled us to monitor the presence of unwanted saccadic move-
ments, see below. The intertrial interval was 2,000 ms. See Figure 1
for the sequence of events in a trial.

Prime and target could appear on the same side with respect to
fixation (spatially congruent condition) or on opposite sides (spa-
tially incongruent condition) with the same probability (50%).
Thus, the spatial arrangement of prime and target was task irrel-
evant, and participants were informed of that. The prime was fol-
lowed by a semantically valid target on 54% (480) of trials and by
a semantically invalid target on 18% (160) of trials. On 18% (160)
of trials, a neutral prime was presented, followed by either an odd
or an even target. Finally, on the remaining 10% (80) of trials,
targets were presented without being preceded by any prime. This
condition allowed us to isolate a baseline for ERP recordings
without processing evoked by the prime. The total number of trials
presented in an experimental session was 880 equally divided in 20
blocks according to the percentages indicated above. In addition, a
block of 44 trials serving as a practice block was administered at
the beginning of the experimental session. Participants were told to

carefully consider the information conveyed by the prime as it was
often helpful to perform the task correctly. They were also told that
they should decide on every trial whether the target was even or odd
also when it was not preceded by a prime. Participants responded
by pressing the keyboard key B or N with the index and the middle
finger of the responding hand, respectively. Each participant used
the right hand on half of the blocks of trials and the left hand on the
other half, with order counterbalanced across participants while
keeping the finger-key relationship unchanged. The response
mapping was kept constant within a participant but was counter-
balanced across participants. Hence, for half of the participants, the
B key was assigned to the category “even” and the N key was
assigned to the category “odd,” whereas for the other half, the
reverse assignment was used. Speed and accuracy of response were
equally stressed in the task instructions.

EEG Recording

The EEG was recorded from tin electrodes mounted on an elastic
cap according to the International 10–20 system over frontal (Fp1,
Fp2, F3, F4), central (C3, Cz, C4, CP5, CP6), parietal (P3, Pz, P4,
P7, P8), temporal (T7, T8), and parietal-occipital (PO3, PO4, PO7,
PO8, IPz on the midpoint between Pz and Iz) areas of the scalp, and
on the left mastoid (LM). All electrodes were referenced online to
the right mastoid. Horizontal eye movements were detected by
means of the EOG, which was recorded as the differential voltage
between two electrodes placed near the external canthi of the left
and right eye. Vertical eye movements and blinks were detected by
an electrode placed just beneath the right eye and the standard
electrode Fp2 (on the right frontal pole). The impedance of all
electrodes was kept below 5 kW. EEG and EOG signals were
sampled at 1000 Hz, filtered with a band-pass of DC-100 Hz, digi-
tized, and amplified by BrainAmp DC (Brain Products GmbH,

Figure 1. Events in a spatially congruent and semantically invalid trial for the two visual fields. Note that the two displays shown for prime and target are
two of the possible alternatives. In the actual trial, only one prime and one target were presented. This example depicts a trial in which the spatial condition
was congruent as prime and target were presented in the same visual field but in which the semantic condition was invalid as an even (on the left) or an odd
(on the right) prime was followed, respectively, by an odd (on the left) or an even (on the right) target number. Timing of each single event is indicated on
the right side. The response was a two-alternative forced choice (see Method for details).

Temporal dynamics of interhemispheric transfer 379



Munich, Germany). Trials with amplifier blocking, eye move-
ments, or other types of artifacts were excluded from the analysis.
The semiautomatic (amplitude cutoff and visual inspection)
artifact-rejection procedure led to the rejection of 17% of the total
number of trials. Figure 2 shows vertical and horizontal EOG in the
four experimental conditions for the left and right visual field:
Residual horizontal eye movements were of the order of 0.1°–0.2°
of visual angle.

ERP Analysis

The EEG and EOG signals were analyzed by Scan 4.2 software
(Compumedics Neuroscan, Charlotte, NC, USA) and were high-
pass filtered offline at 0.01 Hz and rereferenced offline to the
average of the right and the left mastoids in order to eliminate slow
drifts and spurious asymmetries between the two hemispheres.
Separate averages were obtained for behaviorally correct targets
presented in the left and right visual field for both spatially con-
gruent and incongruent and semantically valid and invalid condi-
tions in a time window of 1,000 ms with a 200-ms prestimulus
baseline. We analyzed the mean amplitude of the four ERP com-
ponents, namely, P1, N2, N400, and P3b. They were calculated as
unfiltered waveforms with respect to the 200-ms prestimulus base-
line in the following time windows: P1 (110–150 ms), N2 (195–
245 ms), N400 (370–450 ms), and P3b (450–650 ms) for each
hemisphere separately. The time windows for the various compo-
nents were chosen on eyeball inspection by considering the
maximum amplitude and their topographic distribution, not to
mention the data from the literature. Given the different signal-to-
noise ratio for the more frequent semantically valid condition with

respect to the less frequent semantically invalid condition, we
chose to measure mean amplitude rather than peak amplitude and
latency because the former is not sensitive to different levels of
noise.

For each component we considered the electrodes, symmetri-
cally in each hemisphere, where a given component was likely to
show the largest amplitude based on the distribution of the spatial
congruency and the semantic validity effects as shown in the voltage
maps of Figure 3. Hence, the electrodes analyzed for each of the four
components were the following: PO7 and PO8 for the P1 and N2
components; P3, P7 and P4, P8 for the N400 component; P3 and P4
for the P3b component. The separate analyses of variance
(ANOVAs) performed for the four components and the left and right
visual field targets included the following factors: spatial congru-
ency (congruent, e.g., prime in the left visual field followed by a
target in the left visual field; incongruent, e.g., prime in the right
visual field followed by a target in the left visual field); semantic
validity (valid, e.g., an odd prime followed by an odd target; invalid,
e.g., an even prime followed by an odd target); hemisphere (left,
right); electrode (P3, P7 and P4, P8 for the N400 component only)
(Note: The P1, N2, and P3b components were measured on one
electrode for each hemisphere; therefore, the factor electrode corre-
sponded to the factor hemisphere). Greenhouse-Geisser epsilon
correction for nonsphericity was applied to the p values when
necessary (Jennings & Wood, 1976). The neutral condition, namely,
odd or even targets preceded by a neutral prime, was not considered
in the ERP analyses because it was not relevant for the spatial
condition and in addition was not useful for eliciting the semantic
effect represented by the late components considered in the study,
that is, P3b and particularly N400.

Figure 2. Vertical EOG (VEOG) (upper panels) and horizontal EOG (HEOG) (lower panels) grand-averaged waveforms (negative polarity plotted up)
time-locked to the targets in the left visual field (left panels) and in the right visual field (right panels) in the experimental conditions. Spatial conditions:
congruent = solid; incongruent = dashed; semantic conditions: valid = thick; invalid = thin.
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Results

Behavior

Reaction time (RT). RTs falling outside � 2.5 standard deviations
were considered outliers and not included in the behavioral analy-
sis. Statistical analyses were carried out only on correct RTs. A
two-way ANOVA with spatial congruency and semantic validity as
factors showed a significant main effect of spatial congruency,
F(1,12) = 15.47; p = .002, with RT in the congruent condition

longer (617 ms) than in the incongruent condition (609 ms) (see
Figure 4, left panel). Semantic validity also yielded a significant
main effect, F(2,24) = 10.94; p = .002; e = 0.738, with the valid
condition (584 ms) yielding faster RT than the invalid and neutral
conditions, which did not differ from one another (635 ms and 619
ms, respectively), (see Figure 4, right panel). The latter result
shows that the semantic validity effect was a consequence of a
benefit of the valid prime rather than a cost of the invalid prime or
a surprise effect. The interaction Spatial Congruency ¥ Semantic
Validity was not significant, F(2,24) = 0.37; p = .604; e = 0.650.

Figure 3. Average voltage maps of the spatial congruency (first two rows, back views: P1 and N2 components) and semantic validity effects (last two rows,
top views: N400 and P3b components) derived from difference waveforms (not shown). Left column: left visual field (LVF); right column: right visual field
(RVF). Average voltages were measured in the time windows indicated on the far left column for each component and were the same as those used for
statistical analyses. For each component, the voltage maps indicate the effect, that is, the difference between congruent and incongruent conditions for the
spatial effect and between valid and invalid conditions for the semantic effect.
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Additional post hoc t tests revealed that there was no difference in
spatial congruency and semantic validity effects between the two
visual fields. Another ANOVA showed that the interaction Spatial
Congruency ¥ Hand, F(1,12) = 2.80; p = .120, yielded no signifi-
cant effect. Thus, given that the visuomotor aspect of the task was
not the primary focus of our study, we did not consider the factor
hand in the analysis of ERPs.

Accuracy. A similar ANOVA conducted on percentage of correct
responses yielded a nonsignificant effect of spatial congruency,
F(1,12) = 0.15; p = .708, whereas semantic validity resulted in a
significant effect, F(2,24) = 6.34; p = .017; e = 0.652, with the
valid condition yielding a higher percentage of correct responses
(96%) with respect to the invalid (92%) and neutral (94%) condi-
tions. The interaction Spatial Congruency ¥ Semantic Validity was
not significant, F(2,24) = 0.45; p = .585; e = 0.730. Additional post
hoc t tests showed that the spatial and semantic effects did not
differ in the two visual fields. Given the small amount of errors in
all conditions, accuracy of response was not analyzed further.

In sum, the behavioral results showed reliable spatial and
semantic effects: The spatial effect consisted of faster RT in the
incongruent versus the congruent condition. This effect resembles
the inhibition of return (IOR, see Berlucchi, 2006;. Klein, 2000;
Lupianez, Klein, & Bartolomeo, 2006, for a review) consisting in
slower responses to stimuli presented on the same side of visual
space as the preceding ones in comparison to contralateral stimuli.
This finding is not surprising given the spatially noninformative
nature of the primes and the long prime-target interval used. Con-
sidering that this effect did not interact with the semantic validity
effect, the results indicate that behaviorally there was no differen-
tial cost or advantage for the odd-even discrimination task whether
prime and target were presented to the same or different hemi-
spheres. However, as we shall see in the ERP recording, these
behavioral results were the consequence of a complex integration
of information between the hemispheres at various processing
stages of both spatial and semantic information.

Event-Related Potentials

In order to more clearly evaluate the ERP correlates of IHT of
spatial as well as semantic information, the responses to left and
right visual field targets were analyzed separately. The spatial con-
gruency effect was evaluated separately for the hemisphere that
directly received the target (DH) and the hemisphere that did so
indirectly (IH), via interhemispheric transfer. The same approach

was applied to analyses of the semantic effect. The waveforms for
all spatial and semantic conditions elicited by the targets presented
in the left and the right visual field and recorded for either the DH
or the IH are shown in Figures 5 and 6, respectively (the compo-
nents analyzed in the study are indicated by arrows in the bottom
panels of the two figures). The number of trials contributing
to compute the grand averages were as follows: spatially congru-
ent and semantically valid = 2,466; spatially incongruent and
semantically valid = 2,374; spatially congruent and semanti-
cally invalid = 799; spatially incongruent and semantically
invalid = 762. The four ERP components considered in the study
were spatially localized in the voltage maps shown in Figure 3.
This figure reports the spatial congruency and the semantic validity
effects in the two top and the two bottom rows, respectively. The
raw voltage maps of the ERP components in the two experimental
conditions confirmed the typical topographical pattern of the ERP
components: P1, N2, N400, and P3b. Moreover, it can be noted that
the typical contralateral localization for the early P1 component
(right hemisphere for left visual field stimulation and left hemi-
sphere for right visual field stimulation) was also confirmed for the
N2 component, which is a typical midlatency ERP component. In
contrast, the two late components N400 and P3b showed a topo-
graphical localization independent of side of visual field
presentation.

It is important to point out that the slightly upward-going base-
line in all panels of the two figures is the result of a carryover of
residual sensory activity from the prime but is similar in the four
experimental conditions and therefore has no relevance for the
interpretation of the results.

P1

Left visual field targets. The ANOVA yielded a significant effect
of spatial congruency, F(1,12) = 25.14; p < .001, with P1 being
more positive in the incongruent (-0.55 mV) than the congruent
condition (-2.30 mV). In contrast, the semantic validity effect was
not significant, F(1,12) = 2.86; p = .117. There was a marked effect
of hemisphere, F(1,12) = 9.84; p = .009, with P1 being more
prominent for the IH than the DH (which probably occurred as a
consequence of an almost absent N1 component for the IH but a
pronounced P1 for the DH). The only significant interaction was
Spatial Congruency ¥ Hemisphere, F(1,12) = 23.8; p < .001, with
the spatial congruency effect being reliable only for the IH
(2.6 mV). A likely explanation of this interaction is that for the IH
there is a need to transfer the prime and target in the congruent

Figure 4. Mean and standard deviation of reaction time. Left panel: spatial validity effect. Right panel: semantic validity effect.
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condition and the target in the incongruent condition. In contrast,
for the DH, only the prime must be transferred and only in the
incongruent condition.

Right visual field targets. The ANOVA showed results in keeping
with those of the left visual field, that is, a significant effect of
spatial congruency, F(1,12) = 6.14; p = .029, with the incongruent
condition yielding a more positive P1 (-1.32 mV) with respect to
the congruent condition (-2.21 mV), a nonsignificant semantic
validity main effect, F(1,12) = 0.16; p = .698, and a significant
main effect of hemisphere, F(1,12) = 17.57; p = .001, with a larger
amplitude for the IH with respect to the DH. Finally, the Spatial
Congruency ¥ Hemisphere interaction, F(1,12) = 12.90; p = .004,
was significant with the spatial congruency effect being reliable
only over the IH (1.71 mV). This effect can be explained by the
same reasoning as discussed for the left visual field above.

In sum, for both visual fields of target presentation, there was an
effect of the spatial manipulation of prime-target but absence of

any modulation by semantic factors. The reliable interaction
Spatial Congruency ¥ Hemisphere suggests that the modulation of
P1 is mainly related to the requirement of IHT rather than to the
behavioral IOR effect that should have taken place for both the IH
and DH conditions given the same relative position of prime and
target in the two recording conditions.

N2

Left visual field targets. On simple inspection, the N2 compo-
nent was evident for both hemispheres (see arrows in Figure 5) in
the time window 195–245 ms. The ANOVA showed a significant
main effect of spatial congruency, F(1,12) = 38.96; p < .001, with
a more negative amplitude in the spatially congruent (0.23 mV)
than in the spatially incongruent (2.38 mV) condition. Semantic
validity was not significant, F(1,12) = 0.11; p = .751. No other
main effect or interaction reached significance.

Figure 5. Grand-averaged waveforms (negative polarity plotted up) time-locked to the targets presented in the left visual field in the spatial conditions:
congruent = solid; incongruent = dashed; semantic conditions: valid = thick; invalid = thin. Electrode sites of the directly accessed hemisphere (DH), that is,
right hemisphere, are reported in the right column; electrode sites of the indirectly accessed hemisphere (IH), that is, left hemisphere, are reported in the left
column. ERP components considered in the study are indicated by arrows in the right bottom panel (electrode P4); the time windows for each component
are indicated in shaded gray bars. To appreciate the relevant results of the study, the reader should compare solid lines (congruent) with dashed lines
(incongruent) for the spatial congruency effect and black lines (valid) with gray lines (invalid) for the semantic validity effect. ERP waveforms were low-pass
filtered at 30 Hz for display.
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Right visual field targets. The ANOVA yielded a significant
main effect of spatial congruency, F(1,12) = 22.34; p < .001,
with the spatially congruent condition yielding a more negative
amplitude (-0.42 mV) with respect to the spatially incongruent
condition (1.08 mV). In addition, the Spatial Congruency ¥
Hemisphere interaction was significant, F(1,12) = 6.81; p = .023,
with the spatial congruent effect (2.32 mV) present only over
the DH, that is, when the prime underwent an IHT in the
incongruent condition. This finding is at odds with what was
observed for P1 and might be an interesting observation to be
further pursued. Semantic validity was not significant, F(1,12) =
0.09; p = .773. No other main effect or interaction reached
significance.

In sum, as for P1, in the time window of N2 there was a reliable
effect of spatial congruency in both visual fields and an interaction
Spatial Congruency ¥ Hemisphere, which again suggest an IHT of
spatial information. As for P1, there was no sign of a main effect or
interaction involving semantic information, hence no evidence of
IHT of semantic information in this time window.

N400

Left visual field targets. In the latency range of this component
(370–450 ms, see arrow in Figure 5), the only significant effect
was a three-way interaction Spatial Congruency ¥ Semantic
Validity ¥ Hemisphere, F(1,12) = 5.04; p = .044. Post hoc paired t
tests were carried out comparing the semantic validity effect in
the spatially congruent and incongruent conditions for each of the
two hemispheres (IH and DH). These tests revealed a significant
spatial modulation of the semantic effect only in the DH,
t(12) = 2.11; p = .05, with the semantic validity effect being larger
in the spatially congruent (1.10 mV) than in the spatially incon-
gruent condition (0.26 mV). In contrast, spatial congruency did
not have any reliable effect on the semantic validity effect for
the IH (semantic validity effect in the spatially congruent
condition = 0.57 mV and in the spatially incongruent condition =
0.63 mV, see Figure 5). Thus, in this time window there was evi-
dence of an effect of IHT on both spatial and semantic informa-
tion with a semantic validity effect more prominent in the

Figure 6. Grand-averaged waveforms (negative polarity plotted up) time-locked to the targets presented in the right visual field in the spatial conditions:
congruent = solid; incongruent = dashed; semantic conditions: valid = thick; invalid = thin. Electrode sites of the directly accessed hemisphere (DH), that is,
left hemisphere, are reported in the left column. Electrode sites of the indirectly accessed hemisphere (IH), that is, right hemisphere, are reported in the right
column. ERP components considered in the study are indicated by arrows in the left bottom panel (electrode P3); time windows for each component are
indicated in shaded gray bars. As for Figure 3, to appreciate the relevant results, the reader should compare solid lines (congruent) with dashed lines
(incongruent) for the spatial congruency effect and black lines (valid) with gray lines (invalid) for the semantic validity effect. ERP waveforms were low-pass
filtered at 30 Hz for display.
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spatially congruent condition in the hemisphere that directly
received the target and the prime. In other words, prime and
target had to be presented directly to the same hemisphere for a
larger semantic effect to appear.

Right visual field targets. The ANOVA on spatial and semantic
validity effects showed a significant main effect of semantic valid-
ity, F(1,12) = 13,43; p = .003, with a more negative amplitude
for the invalid (2.98 mV) compared to valid condition (4.22 mV).
The two-way interaction Spatial Congruency ¥ Semantic Validity
approached significance, F(1,12) = 4.07; p = .06, with the semantic
effect larger in the spatially congruent condition. Hence, this inter-
action suggests that IHT of semantic information also occurs for
targets presented in the right visual field.

In sum, at the processing stage indexed by N400, there appears
to be for the first time evidence of an interaction between spatial
congruency and semantic validity effects indicating IHT of both
semantic and spatial information.

P3b

Left visual field targets. The ANOVA showed a main effect of
semantic validity, F(1,12) = 14.14; p = .003, with a larger ampli-
tude for the semantically invalid (6.23 mV) than semantically valid
condition (4.47 mV) and of hemisphere, F(1,12) = 6.64; p = .024,
with a larger overall P3b amplitude in the IH (5.91 mV) with
respect to the DH (4.78 mV). There was no main effect of spatial
congruency and no significant interaction involving spatial or
semantic effects.

Right visual field targets. The only significant effect was hemi-
sphere, F(1,12) = 11.13; p = .006, with a larger P3b amplitude
overall in the IH (5.51 mV) with respect to the DH (4.46 mV).

In sum, at this processing stage there was no evidence of either
a spatial or a semantic effect but only a hemispheric asymmetry
favoring the IH for both visual fields, which indicates an interhemi-
spheric exchange of P3b-related information.

Discussion

The main thrust of the present study is to provide insights into the
temporal dynamics of the interhemispheric crosstalk of spatial and
semantic information. The results indicate that spatial information
is transferred from one hemisphere to the other relatively soon after
stimulus receipt, whereas the interhemispheric exchange of seman-
tic information occurs later.

We examined four components of the ERP waveform, namely,
those occurring early (P1 and N2) and those occurring later (N400
and P3b) following stimulus onset showing a scalp distribution
contralateral to the stimuli (the former) and stimulation-
independent scalp distribution (the latter, see Figure 3). IHT of
spatial information was assessed by examining whether there was
an effect of the relative position of prime and target whereas IHT of
semantic information was assessed by determining whether there
was a reliable interaction between spatial and semantic effects.

As to the behavioral results, the reliable spatial congruency effect
found can be interpreted as an example of IOR (see Berlucchi, 2006;
Klein, 2000; Lupianez et al., 2006, for reviews). Typically, this
phenomenon occurs with noninformative cues and cue-stimulus
intervals longer than 250 ms. Given that our experimental design
was characterized by a long interval between prime and target

(500–700 ms) and by spatially uninformative primes, this result is
not surprising. One aspect that is worth stressing about the present
IOR effect is that it occurs even though the spatial location of prime
and target is irrelevant for the semantic decision task, suggesting that
it is indexing spatial rather than semantic processing.

In addition to the spatial effect, there was also an effect of
semantic validity, with valid trials yielding faster and more accu-
rate responses than invalid trials. Interestingly, the interaction
Spatial Congruency ¥ Semantic Validity as measured behaviorally
was not significant, and this was true regardless of the visual field
in which the target was presented. Therefore, from a behavioral
viewpoint, this task did not yield a hemispheric asymmetry or a
need for IHT. However, most interestingly, in contrast to behavior,
the electrophysiological measures did show evidence of IHT at
different processing stages. This suggests that the observed lack of
a behavioral difference is the result of a complex interplay of neural
processes, as further discussed below.

Functional Callosal Channels

As to the ERP results, the earliest components investigated (i.e., P1
and N2) showed a main spatial congruency effect that in principle
may be considered as a neural correlate of both an attentional IOR
and an IHT effect. This was confirmed by both the early latency
(110–245) and the contralateral scalp distribution with respect to
the visual field of the target presentation of these two ERP compo-
nents. This is in keeping with recent observations of an occipital
locus for the IOR (Gibbons, Rammsayer, & Stahl, 2006; Prime &
Jolicoeur, 2009; Tian & Yao, 2008), although other studies suggest
that later components may also index IOR (e.g., Gibbons et al.,
2006; McDonald, Hickey, Green, & Whitman, 2009; Tian & Yao,
2008; Zhang & Zhang, 2007). The present evidence of an effect at
the level of the P1 and N2 components supports an early attentional
interpretation of the IOR.

The second factor contributing to the ERP spatial congruency
effect is the inter- versus intrahemispheric presentation of prime-
target combinations. How can one disentangle the IOR from the
IHT effects? One way to do so is to consider the factor hemisphere,
namely, the side of the brain that receives the target directly (DH)
or indirectly (IH). The spatial congruency effect of the P1 in both
visual fields was only reliable for the IH. As such, this effect cannot
be ascribed to IOR, which should not be influenced by whether the
prime and target were directly or indirectly presented to the hemi-
sphere, but rather only by whether prime and target were spatially
congruent or incongruent. A broadly similar consideration applies
to N2 for which there was a significant Spatial Congruency ¥
Hemisphere interaction for the right visual field, with the spatial
congruency effect being reliable only in the DH. Given these con-
siderations, we believe that the main source of a spatial congruency
effect in the ERP response is related to IHT, with perhaps the
direction of this effect being modulated by IOR, as suggested by
the fact that the P1 and N2 response was larger in the incongruent
than the congruent condition. As to the semantic effect, it was not
reliable for either the IH or DH. These results are convincing
evidence that at this early stage of processing, as indexed by P1 and
N2, only spatial information is exchanged between the hemi-
spheres. One point of uncertainty that might deserve further inves-
tigation is whether the spatial effect of the prime on the target
should be interpreted as an IHT at that moment in time, or the
attentional residual of interhemispheric interactions occurring
much prior to the onset of the target. It is, in principle, possible that
these asymmetric residual effects might be only effective in modu-
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lating ERP amplitudes in the indirect hemisphere without the
necessity of any prime-related IHT during the processing of the
target.

This overall picture showing at early stages the presence of only
spatially related effects changed dramatically for the later compo-
nents. The N400, with a central bilateral scalp distribution, showed,
as predicted, a semantic validity effect in the 370–450 ms post-
stimulus time range where the semantically invalid condition
yielded a larger amplitude than the semantically valid condition.
This pattern is the typical “semantic incongruency” effect yielded
by a mismatch between the semantic categories of prime and target.
Here, the crucial finding is that this time window is the first point
in the time course of target processing where there is evidence of an
interhemispheric exchange of information related to semantics.
Evidence of a modulation of the N400 has been previously found in
a primed semantic matching task in which prime and target word
pairs were presented one after the other to the left visual field or the
right visual field. The priming effect on N400 was reliably reduced
for left visual field targets preceded by right visual field primes,
compared to the other conditions of stimulus presentation (Kato &
Okita, 2008).

Finally, at the level of the P3b there was no evidence of a main
effect or interaction involving the spatial position of prime and
target, suggesting no occurrence of IHT. This component was
modulated only by semantic incongruency yielding larger ampli-
tude in the semantically invalid condition, which had a low prob-
ability with respect to the semantically valid condition. Hence,
these findings are in accord with the “context updating” interpre-
tation of the P3b as confirmed also by its bilateral central-posterior
scalp distribution. The semantic validity effect was reliable only
following target presentation in the left visual field.

We were able to demonstrate, therefore, for the first time to our
knowledge, that a task yielding no behavioral evidence of inter-
hemispheric crosstalk or asymmetry nonetheless showed evidence
of distinct temporal stages of IHT when the electrophysiological
correlates are analyzed. Perhaps more importantly, we showed that
at early processing stages there was evidence of IHT of only spatial
information whereas at later stages there was evidence of an IHT of
semantic information. Under a more general perspective, this result
shows that the information transmitted by the CC does not occur in

an all-or-none fashion at early sensory stages, leaving to the receiv-
ing hemisphere the job of elaborating more complex cognitive
processing. In contrast, it appears that part of the information
necessary for cognitive processing is elaborated in the hemisphere
of entry and then progressively transferred to the other for final
elaboration and response. In other terms, we think that the CC
contains functional channels that transmit not only sensory or pre-
motor but also higher-order information for cognitive operations.
This is a novel observation that goes beyond the well-documented
regional specificity of the CC for motor versus various sensory
modalities.

Two Possible IHT Modes

One can hypothesize that during unihemispheric stimulus entry
there are two possible IHT modes: (a) an immediate all-or-nothing
transfer of information to the other side at early processing stage
with a totally shared processing between the two hemispheres; and
(b) a progressive IHT along the processing route of the hemisphere
of entry with each area transmitting information relative to its own
competence. One way of providing evidence in favor of one of the
two alternatives is to use electrophysiological methods that enable
one to study the temporal dynamics of IHT. In the present study, we
found that visuospatial information is transferred earlier than more
elaborate cognitive information. This is witnessed by the existence
of an interaction between spatial and semantic congruency effects
only at later processing stages. The all-or-none hypothesis would
have predicted no interaction whatsoever between spatial and
semantic congruency effects. Therefore, we believe that our results
are in keeping with the second alternative, namely, different tem-
poral (and presumably functional) channels of callosal transmis-
sion which may not be totally independent but may partly overlap.

In conclusion, the results of the present study suggest that one
may best think of IHT as occurring in waves of different types of
information being transferred in different time windows probably
over different portions of the CC. Hence, the strategy of combining
ERPs with behavioral paradigms to tap IHT of specific cognitive
functions is likely to yield important results for a further under-
standing of interhemispheric interactions in general and of the
function of different portions of the CC in particular.

References

Aboitiz, F., Ide, A., & Olivares, R. (2003). Corpus callosum morphology in
relation to cerebral asymmetries in the post-mortem human. In E. Zaidel
& M. Iacoboni (Eds.), The parallel brain: The cognitive neuroscience of
the corpus callosum. Cambridge, MA: The MIT Press.

Berlucchi, G. (2006). Inhibition of return: A phenomenon in search of a
mechanism and a better name. Cognitive Neuropsychology, 23, 1065–
1074.

Brown, W. S., Larson, E. B., & Jeeves, M. A. (1994). Directional asym-
metries in interhemispheric transmission time: Evidence from visual
evoked potentials. Neuropsychologia, 32, 439–448.

Dehaene, S., Bossini, S., & Giraux, P. (1993). The mental representation of
parity and number magnitude. Journal of Experimental Psychology:
General, 122, 371–396.

Donchin, E. (1981). Surprise! . . . Surprise? Psychophysiology, 18, 493–
513.

Donchin, E., & Coles, M. G. H. (1988). Is the P300 component a manifes-
tation of context updating? Behavioral and Brain Sciences, 11, 357–
374.

Doron, K. W., & Gazzaniga, M. S. (2008). Neuroimaging techniques offer
new perspectives on callosal transfer and interhemispheric communica-
tion. Cortex, 44, 1023–1029.

Fabri, M., Polonara, G., Mascioli, G., Salvolini, U., & Manzoni, T. (2011).
Topographical organization of human corpus callosum: An fMRI
mapping study. Brain Research, 1370, 99–111.

Folstein, J. R., & Van Petten, C. (2008). Influence of cognitive control and
mismatch on the N2 component of the ERP: A review. Psychophysiol-
ogy, 45, 152–170.

Ganis, G., & Kutas, M. (2003). An electrophysiological study of scene
effects on object identification. Brain Research. Cognitive Brain
Research, 16, 123–144.

Ganis, G., Kutas, M., & Sereno, M. I. (1996). The search for common
sense—An electrophysiological study of the comprehension of words
and pictures in reading. Journal of Cognitive Neuroscience, 8, 89–
106.

Gazzaniga, M. S. (2005). Forty-five years of split-brain research and still
going strong. Nature Reviews Neuroscience, 8, 653–659.

Gibbons, H., Rammsayer, T. H., & Stahl, J. (2006). Multiple sources of
positive- and negative-priming effects: An event-related potential study.
Memory & Cognition, 34, 172–186.

Holcomb, P. J., & McPherson, W. B. (1994). Event-related brain potentials
reflect semantic priming in an object decision task. Brain Cognition, 24,
259–276.

386 A. Dal Molin et al.



Hopfinger, J. B., & Mangun, G. R. (2001). Tracking the influence of
reflexive attention on sensory and cognitive processing. Cognitive,
Affective, & Behavioral Neuroscience, 1, 56–65.

Iacoboni, M., & Zaidel, E. (1995). Channels of the corpus callosum. Evi-
dence from simple reaction times to lateralized flashes in the normal and
the split brain. Brain, 118, 779–788.

Ipata, A., Girelli, M., Miniussi, C., & Marzi, C. A. (1997). Interhemispheric
transfer of visual information in humans: The role of different callosal
channels. Archives Italiennes de Biologie, 135, 169–82.

Jennings, J. R., & Wood, C. C. (1976). The e-adjustment procedure for
repeated-measures analyses of variance. Psychophysiology, 13, 277–
278.

Kato, K., & Okita, T. (2008). Semantic priming within and between the
visual fields: An event-related brain potential study. The Japanese
Journal of Psychology, 79, 143–149.

Klein, R. M., (2000). Inhibition of return. Trends in Cognitive Sciences, 4,
138–147.

Knight, R. T., & Scabini, D. (1998). Anatomic bases of event-related
potentials and their relationship to novelty detection in humans. Journal
of Clinical Neurophysiology, 15, 3–13.

Kutas, M., & Hillyard, S. A. (1980). Reading senseless sentences: Brain
potentials reflect semantic incongruity. Science, 207, 203–205.

Kutas, M., Hillyard, S. A., & Gazzaniga, M. S. (1988). Processing of
semantic anomaly by right and left hemispheres of commissurotomy
patients. Evidence from event-related brain potentials. Brain, 111, 553–
576.

Lau, E. F., Phillips, C., & Poeppel, D. (2008). A cortical network for
semantics: (De)constructing the N400. Nature Reviews Neuroscience, 9,
920–933.

Lupianez, J., Klein, R. M., & Bartolomeo, P. (2006). Inhibition of return:
Twenty years later. Cognitive Neuropsychology, 23, 1003–1014.

Mangun, G. R., & Hillyard, S. A. (1991). Modulations of sensory-evoked
brain potentials indicate changes in perceptual processing during visual-
spatial priming. Journal of Experimental Psychology: Human Percep-
tion and Performance, 17, 1057–1074.

Marzi, C. A. (2010). Asymmetry of interhemispheric communication. Wiley
Interdisciplinary Reviews: Cognitive Science, 1, 433–438.

McDonald, J. J., Hickey, C., Green, J. J., & Whitman, J. C. (2009). Inhi-
bition of return in the covert deployment of attention: Evidence from
human electrophysiology. Journal of Cognitive Neuroscience, 21, 725–
733.

Miniussi, C., Girelli, M., & Marzi, C. A. (1998). Neural site of the redun-
dant target effect: Electrophysiological evidence. Journal of Cognitive
Neuroscience, 10, 216–230.

Myers, J. J., & Sperry, R. W. (1985). Interhemispheric communication after
section of the forebrain commissures. Cortex, 21, 249–260.

Nowicka, A., & Tacikowski, P. (2011). Transcallosal transfer of information
and functional asymmetry of the human brain. Laterality, 16, 35–
74

Polich, J. (2007). Updating P300: An integrative theory of P3a and P3b.
Clinical Neurophysiology, 118, 2128–2148.

Pollmann, S., Maertens, M., von Cramon, D. Y., Lepsien, J., & Hugdahl, K.
(2002). Dichotic listening in patients with splenial and nonsplenial
callosal lesions. Neuropsychology, 16, 56–64.

Prime, D. J., & Jolicoeur, P. (2009). On the relationship between occipital
cortex activity and inhibition of return. Psychophysiology, 46, 1278–
1287.

Riise, J., & Pakkenberg, B. (2011). Stereological estimation of the total
number of myelinated callosal fibers in humans subjects. Journal of
Anatomy, 218, 277–284.

Saron, C. D., & Davidson, R. J. (1989). Visual evoked potential measures of
interhemispheric transfer time in humans. Behavioral Neuroscience,
103, 1115–1138.

Tian, Y., & Yao, D. (2008). A study on the neural mechanism of inhibition
of return by the event-related potential in the Go/NoGo task. Biological
Psychology, 79, 171–178.

Van Petten, C., & Luka, B. J. (2006). Neural localization of semantic
context effects in electromagnetic and hemodynamic studies. Brain and
Language, 97, 279–293.

Verleger, R., Jaskowski, P., & Wauschkuhn, B. (1994). Suspense and sur-
prise: On the relationship between expectancies and P3. Psychophysi-
ology, 31, 359–369.

Wahl, M., Lauterbach-Soon, B., Hattingen, E., Jung, P., Singer, O.,
Volz, S., . . . Ziemann, U. (2007). Human motor corpus callosum:
Topography, somatotopy, and link between microstructure and function.
Journal of Neuroscience, 27, 12132–12138.

Zaidel, E., & Iacoboni, M. (2003). Poffenberger’s simple reaction time
paradigm for measuring interhemispheric transfer time. In E. Zaidel &
M. Iacoboni (Eds.), The parallel brain: The cognitive neuroscience of
the corpus callosum. Cambridge, MA: The MIT Press.

Zhang, M., & Zhang, Y. (2007). Semantic processing is affected in inhibi-
tion of return: Evidence from an event-related potentials study.
NeuroReport, 18, 267–271.

(Received January 27, 2012; Accepted August 2, 2012)

Temporal dynamics of interhemispheric transfer 387


