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Effects of stimulus location on automatic detection of changes
in motion direction in the human brain
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Abstract

We extended the results of a previous report by further exploring the underlying mechanisms of an electrophysiological index of attention-
free memory-based detection mechanism to motion-direction changes in the human visual system. By means of presenting bilateral, right-
and left-hemifield stimulation in separate conditions, we tried to assess whether the location of the stimuli within the peripheral visual field
affected the processing of motion-direction deviations, and to identify brain regions involved in the detection of unattended infrequent changes
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f motion direction using low-resolution brain electromagnetic tomography (LORETA). Results indicated that the ERP component
isual change was not affected by stimulus location, and that bilateral temporal and medial regions were activated during this devia
esponse regardless of the hemifield stimulated. The bilateral activation foci observed in this study suggest that brain genera
eviance-related component could be located at the vicinity of motion processing areas.
2004 Elsevier Ireland Ltd. All rights reserved.
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n audition, any change in stimulation, even in the absence of
ttention, produces a negative event-related potential termed
ismatch negativity (MMN) which is maximally distributed

ver frontocentral regions. MMN has a supratemporal bilat-
ral generator located in the auditory cortex and an additional
ource located in the right frontal lobe[7,9,10,13], among
thers.

In the visual system, some recent studies have suggested
he existence of a visual ERP component, the visual MMN
vMMN), which could reflect an analogous detection mecha-
ism for changes in colour[6], spatial frequency[14], or spa-

ial position[3]. Recently, we found that infrequent motion-
irection changes elicited a negative ERP displacement at

he N2 latency range at occipitotemporal sites that showed
ome of the main MMN characteristics[22]. This response
as observed to be independent of processing load or exoge-
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nous effects. Moreover, we also proved that this devia
related component (vMMN) was not related to a differen
refractory state of neurons responding to the character
of stimuli, but presumably due to a process which comp
visual inputs to templates of previous visual sequences

The study of the topographical characteristics and c
bral generators of MMN has contributed to understand
functional role of this component in auditory sensory p
cessing. Therefore, we aimed this study to extend the re
of the previous report and to further explore the underl
mechanisms of this vMMN component to motion-direct
changes. By presenting bilateral, right- and left-hemifi
stimulation in separate conditions, we tried to assess wh
the location of the stimuli within the peripheral visual fi
affected the processing of motion-direction deviations, a
identify brain regions involved in the detection of unatten
infrequent changes of motion direction using low-resolu
brain electromagnetic tomography (LORETA).

Twelve healthy subjects (seven females, age 22.5±
4.21 years, range 18–32) with normal or corrected-to-no
304-3940/$ – see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.neulet.2004.08.073
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vision participated in the experiment. All were right handed
and had no history of neurological disorder. Subjects gave
informed consent to participate in this study.

To assess the effects of presentation side on the automatic
processing of infrequent changes in the direction of motion,
we presented either bilateral, left- or right-hemifield stimu-
lation in separate conditions. Stimuli consisted in sinusoidal
gratings differing in the direction of motion placed in the
periphery (10.7◦) of the visual field. The gratings (20% con-
trast) had 0.7 c/degree of spatial frequency and subtended
4.13◦ of visual angle. These stimuli were presented in odd-
ball sequences of repetitive upward (standard or frequent,p=
0.8) and downward-drifting gratings (deviant or infrequent,
p = 0.2). Gratings drifted with a speed of 1.95◦/s for 133 ms
and were followed by a blank screen interstimulus interval of
665 ms. Frequent and infrequent stimuli were presented ran-
domly with the restriction that at least one standard motion
direction would occur before each deviant motion direction.

Subjects were requested to ignore the peripheral gratings
and to keep their eyes in a small fixation cross placed at the
centre of the visual field. Over this fixation point one of nine
possible digits (i.e., 1 to 9) was equiprobably presented for
40 ms. Subjects were required to press the left button of a
standard mouse with their left hand in response to odd num-
bers (with the exception of nine), and the right button with
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condition by subtracting the ERPs elicited to standard from
those elicited to deviant stimuli. In the resulting subtrac-
tion waveforms, mean amplitude values were calculated
separately across six consecutive latency windows within
a 100–225 ms latency range. Analyses were restricted to
the N2 latency range and occipitotemporal locations. This
decision was based on previous results[22] showing that the
reliable deviance-related response was located at these time
ranges and scalp derivations.

The hemispheric differences in scalp distribution of
N2 and vMMN were analysed using repeated-measures
ANOVAs with the within-subject factors of condition (bilat-
eral, unilateral right, unilateral left stimulation) and right–left
hemisphere (right: O2, OR, T6; left: O1, OL, T6). Sepa-
rate statistical analyses were run for each component. When
appropriate, degrees of freedom were corrected using the
Greenhouse–Geisser estimate. Post hoc comparisons were
performed using the Bonferroni adjustment for multiple com-
parisons.

Reaction times (RTs) were on-line recorded for each trial,
and hit rates were defined as the percentage of correct re-
sponses to target digits with RTs no longer than 798 ms. RTs
were analysed for hits only. Hit rates and mean RTs for each
participant were compared across conditions using repeated-
measures ANOVA.
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heir right hand in response to even numbers, as rapidly
ccurately as possible. Assignment of response keys a
rder of conditions were counterbalanced across sub
ach experimental block consisted of 770 trials, from w
00 trials corresponded to task-irrelevant gratings and 2

ask-relevant digits. All stimuli were presented with a stim
us onset asynchrony (SOA) of 798 ms.

The electroencephalogram (EEG) was recorded w
euroScan system using scalp electrocaps (ECI, Inc.)
lectrodes placed at FP1, FPz, FP2, F3, Fz, F4, F7, F8,
3, Cz, C4, CP3, CPz, CP4, P3, Pz, P4, T3, T4, T5,
O3, POz, PO4, O1, Oz, O2 (10/20 International Syst
wo extra electrodes were fixed to the scalp, located hal
etween O1 and T5 (OL), and O2 and T6 (OR). The ac
lectrodes were referred to the nose-tip and grounded
n electrode at the nasion. Electrical activity elicited to

ical and horizontal eye movements was monitored by E
ecorded bipolarly from above and below the left eye
rom the outer canthi of both eyes.

EEG was acquired as continuous signals digitised at a
f 500 Hz and filtered on-line with an analogue band
f 0.05–100 Hz. Trials with eyeblinks, horizontal eye mo
ents, or exceeding±100�V were excluded from analyse
or each electrode EEG epochs consisting of 500 ms
timulus and 50 ms pre-stimulus were obtained off-line
veraged for peripheral gratings in each subject and con
eparately.

The N2 peak amplitudes and latencies relative to bas
ere measured individually for each subject and cond

rom the deviant and standard stimulus ERPs. Differe
aveforms (vMMN) were obtained for each subject
To locate the possible brain areas activated by unatte
otion-direction changes, we analysed the intensity o

urrent source activities using low-resolution electrom
etic tomography (LORETA)[20,21].

Statistical significance for each pair of deviant-mo
ersus standard-motion topographic ERP maps wa
essed nonparametrically with a randomisation test for
ondition separately. The topographic analysis of vari
TANOVA) [23] computes the exact probability of dissim
arity between two maps. To establish the sources respon
or the deviant-related response, LORETA instant imag
veraged mismatch potential maps were obtained at th
ency defined by the maximum of global field power (GF
o assess significantly activated areas in relation to b

ine statistical non-parametric mapping tests (t-test for single
ean value zero) were performed separately for each
ition over the LORETAxyz tomographies obtained fro
veraged subtraction maps.

Differences in visual deviance-related maps among
itions were also analysed with a TANOVA.

Mean hit rates and corresponding RTs of the central v
ask are shown inTable 1. Repeated-measures ANOVA
ealed no significant differences in the RTs (F(2, 22) = 0.931
= 0.409) or hit rates (F(2, 22) = 0.118,p = 0.889) amon

onditions.
Peripheral gratings elicited P1, N2 and P2 deflections

ere more prominent at posterior sites. Statistical ana
howed that, irrespective of the hemifield stimulated,
ralateral N2 peaked earlier than ipsilateral N2, as refle
y a significant “Stimulation× Hemisphere” interactio
F(2, 22) = 15.060,p = 0.001,ε = 0.624). No difference
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Table 1
Behavioural measures: mean RTs and hit rates, standard deviation in parentheses, for each stimulation condition

Bilateral Right Left

Reaction time (ms) 554.14 (51.94) 561.55 (56.93) 549.33 (49.02)
Hits (% correct responses) 87 (11.28) 86.21 (10.88) 87.04 (10.91)

Fig. 1. Group average (N = 12) ERPs to deviant (thick line) and standard
(thin line) stimuli during bilateral, right- and left-hemifield stimulation at
OL/OR derivations.

between hemispheres in N2 latency were observed during
bilateral visual field stimulation (F(1, 11) = 0.060,p= 0.810).
However, N2 amplitude was larger during bilateral stimula-
tion (−3.738�V) than when unilateral right (−2.006�V) or
left (−2.322�V) motion stimuli were presented (F(2, 22) =
8.877,p = 0.001). ANOVA also revealed that the amplitude
of this component was larger on the hemisphere contralateral
to the hemifield stimulated (F(2, 22) = 6.896,p = 0.005).

The ERPs elicited to deviants were negatively displaced
in relation to ERPs elicited to standards at posterior locations
around N2 latency range (seeFig. 1).

Mean amplitudes of the difference waveforms (vMMN)
recorded at the right hemisphere were slightly larger than that
recorded at the left hemisphere, regardless of the stimulated
hemifield.

However, these interhemispheric differences were re-
stricted to the 100–145 ms latency windows (allp < 0.019).
Neither the main effect of stimulation condition nor the inter-
action “Stimulation× Hemisphere” were significant across
the later latency windows assessed (145–225 ms) (seeFig. 2).
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r they
s

In summary, N2 peaked earlier and was of larger amplitude
when recorded at the hemisphere contralateral to the visual
field stimulated. However, there were no significant ampli-
tude differences across sides of presentation in the mean am-
plitudes of the vMMN at the latencies where it has shown to
be a genuine automatic detection index.

TANOVAs revealed that the time periods where standard-
motion and deviant-motion maps showed continuous and
consistent differences ranged 158–262 ms for bilateral,
148–238 ms for right, and 124–190 ms for left-hemifield
stimulation. These ranges included the GFP peak for the
averaged visual difference waveforms (158 ms for bilateral,
168 ms for right, and 166 ms for left-hemifield stimulation).

LORETA sources of averaged mismatch responses at GPF
latency ranges located the local maxima for the different
conditions at temporal regions in both hemispheres, plus
an additional activation in medial areas. Bilateral simultane-
ous stimulation revealed sources at posterior cingulate (BA
31, 23, 30), right and left superior temporal gyrus (BA 22,
and BA 42, 22, respectively), right middle temporal gyrus
(BA 37) and right inferior temporal gyrus (BA 20). Right-
and left-hemifield stimulation showed similar local LORETA
maxima again at bilateral temporal (left BA 42, 22 and
right BA 22; BA 37, 20) and medial regions (BA 31, 23,
30). During right-hemifield stimulation an additional acti-
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ig. 2. Difference waveforms (deviant minus standard ERPs) for bila
ight- and left-hemifield stimulation conditions. The electrodes where
howed largest amplitudes are represented.
ation was also found at BA 31 and 23 correspondin
he posterior cingulate. Detailed results are summariz
able 2.

Statistical non-parametric mapping tests (t-test for single
ean value zero) performed over the LORETAxyztomogra-
hies showed significant activation different from baselin
edial and temporal regions (seeFig. 3). Bilateral stimula

ion significantly activated the posterior cingulate at me
reas (BA 31, 23, 30) together with a right supratemp
ctivation (AB 22, 39). The left-hemifield activity located

he supratemporal gyrus almost reached significance. D
ight-hemifield stimulation significant activity was found
edial areas (posterior cingulate, BA 31, 23, 30; cingu
yrus, BA 31; precuneus, BA 7) and at the left hemisp
left superior temporal gyrus, BA 42, 22; postcentral gy
A 40). The right superior temporal gyrus source (BA
2) almost reached significance. Left-hemifield stimula
ielded a significant medial activation (posterior cingul
A 31, 23, 30), while areas located at the right (BA 39,
upratemporal gyrus) and left (BA 22) hemispheres were
o the limit of the level of significance. These statistical n
arametric mapping tests did not revealed a significant a

ty at the medial temporal gyrus (BA 37), howeverp-values
ere below 0.1 in all conditions.



114 P. Pazo-́Alvarez et al. / Neuroscience Letters 371 (2004) 111–116

Table 2
Brain active areas revealed by LORETA sources of averaged mismatch responses at GPF latency ranges. Columns show activation in brain areas in the right-
and left-hemisphere, and in medial areas. Bold numbers denote Brodmann areas. Numbers in parentheses represent the Talairach coordinates (in mm) for x-,
y-, andz-axis

Stimulation condition Left-hemisphere activation Right-hemisphere activation Medial areas activation

Bilateral 42, 22 (−59,−32, 8) 22 (60,−39, 15);37, 20 (53,−53,−13) 31, 23, 30 (4, −67, 15)
Right 42, 22 (−59,−32, 8) 22 (60,−39, 15);37, 20 (53,−53,−13) 31, 23, 30 (4, −67, 15);31 (−3, −46, 43);

31, 23 (4, −60, 22)
Left 42, 22 (−59,−32, 8) 22 (60,−39, 15);37, 20 (53,−53,−13) 31, 23, 30 (4, −67, 15)

Finally, TANOVA analyses comparing deviance-related
maps elicited during bilateral and hemifield stimulation con-
ditions did not reveal significant differences among them.

The analysis of amplitudes and latencies of the N2 com-
ponent elicited by motion gratings showed effects of spatial
presentation of stimuli. N2 peaked earlier and was of larger
amplitude when recorded over the hemisphere contralateral
to the stimulated hemifield. These effects are in agreement
with pattern and motion VEP studies, where amplitude and
latency differences between hemispheres were found[11].
However, the hemispheric differences are less pronounced for
motion stimuli, since extrastriate motion areas in the domi-
nant hemisphere receive motion stimulation inputs from both
the ipsilateral and contralateral visual fields[26].

All peripheral gratings elicited this P1–N2–P2 complex,
but deviants (infrequent motion direction) elicited a more
negative N2 component especially at occipitotemporal loca-
tions.

The N2 component of the motion-onset VEPs has been
identified as a motion-related component which also matches

motion perception in its susceptibility to adaptation[2]. The
adaptation effects are to a larger extent global, since the am-
plitude reduction of N2 is non-direction specific, however
when a stimulus shares the same direction with the adapting
stimulus the amplitude of N2 can be reduced up to 28% more
[16]. These reductions are also present even with very low
duty cycles (i.e., the relation of motion to total presentation
time) such as those used in the present study[15]. Therefore,
one could argue that the shortened amplitude of N2 elicited
to standards could be due to the direction-specific additional
reduction of this component elicited by frequent directions of
motion. However, in a previous study[22] we provided evi-
dence precluding that the effects could be due to a differential
sensory adaptation. In that study we presented an additional
control block which consisted in the presentation of equiprob-
ably gratings (p= 0.2) drifting in five different directions. We
found that the control stimuli that shared the same low prob-
ability and physical features with deviant stimuli elicited an
N2 component with similar amplitude to that elicited by stan-
dard stimuli. That is, the responses elicited to oddball-motion

F d from FP
l lus late
r rior; I, ,
l

ig. 3. LORETA-based statistical nonparametric maps (SnPM) derive
atencies for each stimulation condition. First row: 158 ms post-stimu
ow: 166 ms left-hemifield stimulation. A, anterior; P, posterior; S, supe

eft view; RV, right view; BV, bottom view.
averaged mismatch LORETAxyztomographies showing activation areas at G
ncy, bilateral stimulation. Second row: 168 ms right-hemifield stimulation. Third
inferior; LH, left hemisphere; RH, right hemisphere; BH, both hemispheres; LV
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deviants were significantly more negative than both oddball-
standards and controls. This result suggests that the larger
negative displacement observed in deviants was not related
to a differential sensory adaptation between frequent and in-
frequent directions of motion but to a mechanism dependent
on a deviance from the stimulus context.

It could also be claimed that the enhanced negativity in
response to deviants was due to an exogenous effect of the
stimulus change. However, we also observed that reversing
the stimuli that acted as infrequent and frequent directions
of motion did not affect the vMMN. Therefore, this nega-
tive deviant-related response was not related to the direc-
tion of motion per se, but to a change in the direction of
motion.

In the present study, the occipitotemporal distribution of
the recorded motion vMMN component is in agreement with
other visual studies that have reported deviant-related com-
ponents distributed over posterior scalp locations consistent
with a specific modality distribution[3,6,14]. Nevertheless,
other studies have also reported additional positive compo-
nents located in frontal regions[14].

We also observed that the deviance-related negativity
(vMMN) did not show significant contralateralization or
hemifield dominance at the latency ranges where it has been
proved to be a genuine deviant-related process[22]. The lack
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evidence that vMMN originated in retinotopically organized
parts of the visual system such as the prestriate cortex. In
contrast with the Czigler et al.’s[5] study, we found that
the location of stimuli within the peripheral visual field did
not affect the visual change related response. The lack of
stimulus-location effects could be explained by the differen-
tial upper–lower versus left–right-hemifield stimulation used
in both studies. Nevertheless, we could also consider this
result as an indication that visual motion change detection
sources are located in less retinotopically organized areas
than those reported for colour vMMN.

Current density tomographies calculated over GPF la-
tencies of subtraction maps showed bilateral temporal ac-
tivations (supratemporal gyrus, BA 42, 22; medial temporal
gyrus, BA 37) together with a medial region identified as
the posterior cingulate (BA 31, 23, 30) for all bilateral, right-
and left-hemifield conditions. Statistical non-parametric tests
performed over the LORETAxyztomographies suggest that
the areas related to deviance more significantly activated are
located in the posterior cingulate and the supratemporal gyrus
of the temporal lobe.

The posterior active areas observed in the present study
are consistent with results previously shown in motion neu-
roimaging studies. Most of them reported activation in mid-
dle temporal complex (hMT/V5+), human visual area V3a
or superior temporal sulcus (STS). Visual hMT/V5+ area has
been identified in fMRI and PET studies at the limits of Brod-
mann’s areas 19 and 37[1,26,27]. LORETA solutions calcu-
lated over sources of averaged mismatch responses are within
the limits of hMT/V5+ and satellite areas.

One of the most active regions was located in the vicinity
of the supratemporal gyrus (BA 22, 42). This area is close
to other motion-related areas, such as the superior tempo-
ral sulcus[24], and the posterior insular cortical region[8].
An additional evidence for the role of the superior tempo-
ral region in motion processing comes from lesion studies
that have observed that damage in this area leads to an im-
pairment in direction and speed motion discrimination[12].
However, this visual feature is not crucial for its activation.
The supratemporal region is considered as a polysensory area
that also responds to other sensory modalities (i.e. audition)
[4].

An additional medial source, the posterior cingulate, was
active through all conditions. This area, which has been iden-
tified as a motion responsive region[24], has also been related
to other processes, such as spatial attention[19].

In summary, we obtained a negative ERP component to
changes in motion direction that was not significantly af-
fected by the hemifield stimulated. LORETA sources of the
deviance-related response were found at bilateral temporal
and medial locations. The bilateral activation foci observed in
this study could be related to brain sources located at modality
specific areas for motion processing. Future research should
confirm the neural sources of this mechanism by combining
ERP recordings with more precise localization techniques
such as MEG or fMRI.
f significant differences across sides of presentation
onfirmed by additional topographic analyses of varia
ur results are in line with brain imaging studies that h
hown that visual motion stimulation induces bilateral
f activation in area V5-MT, since motion areas receive
ut from both ipsilateral and contralateral visual field[26].

n humans, it has been observed that V5-MT map invade
psilateral visual field up to, at least 10◦–14◦ [25,26]. We pre-
ented the stimuli with an eccentricity of 10.7◦, which could
ed us to conclude that the lack of contralateralization eff
n vMMN are due to the used eccentricity. However, the

ralateral effects observed on N2 suggest that the hem
timulation was effective with the employed eccentricity
es.

Stimulus location effects on auditory MMN have be
reviously assessed. It has been observed that monaur
us binaural stimulation does not have effects on aud
MN to changes in frequency or duration[18]. However
hen right and left lateralized stimuli were used, mism
ipole amplitudes to changes in source direction of com
on-language stimuli have been reported to be larger i
ontralateral than the ipsilateral hemisphere. Moreover,
ilitated detection of auditory spatial deviances could o
n the right hemifield[17].

In the visual modality the effects of stimulus location
MMN have been less explored. Recently, Czigler et al[5]

nvestigated the effects of upper and lower hemifield sti
ation on vMMN to changes in colour. They found that inf
uent coloured patterns elicited a posterior negative e
elated potential component only in case of lower half-fi
timulation. The authors considered this finding as ind
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