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Abstract

The relationship between space and number has become a focus of intensive
investigation (Hubbard et al., 2005; Walsh, 2003). The present paper aims to explore the
nature of attentional shiftsinduced by the perception of irrelevant numbers as it was shown by
Fischer and collaborators (2003). We measured the event related potentials induced by the
perception of visual lateralized targets cued by numbers that differed in their magnitude.
Congruent trials were defined as those where atarget presented in the right visual field
followed alarge number and those where atarget presented in the left visual field followed a
small number. Numbers generate a modulation of evoked potentials on targets as soon as 80
msec. after the presentation of the target: congruency of the target determined the amplitude
on perceptual P100 and cognitive P300 in both sides of presentation of the target. Although a
typical distribution of the components was found, effects of congruency were distributed
around anterior and centro-parietal sites. Due to the functional properties of the mentioned
components, the present data suggests that, in fact, perception of numbers does affect the
location of attention to external space. Moreover, the distribution of the congruency effect
signals that the representationa nature of numbers makes a difference with respect to the
stimuli classically used in cueing studies of visual attention to location. The role of top-down

control generated by numbersis discussed.
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I. Introduction

There is mounting evidence that the number representation involves a spatial
component (see Hubbard et al., 2005 for areview; Priftis et al., thisissue). For example, the
SNARC effect (Spatial Numerical Association of Response Codes, Dehaene et al., 1993) has
been demonstrated using a parity judgment task (odd or even?) about a centrally presented
digit. Typically, results show that large numbers (e.g., numbers 8 or 9) are responded to faster
with the right hand, whereas small numbers (e.g., numbers 1 or 2) are responded to faster with
the left hand. The SNARC effect is generally interpreted as reflecting the automatic activation
of an internal representation of magnitude where numbers are represented along a left-to-right
oriented mental number line.

More recently, Fischer et al. (2003) adapted the paradigm of Posner and Cohen (1980)
to investigate the use of numbers as cues to the detection of lateralized spatial targets. In order
to explore whether the representation of numbers could induce shifts of attention to the
location of the subsequent target, they presented numbers centraly (1, 2, 8 or 9) followed by
the target in the right visual field (RVF) or in the left visual field (LVF). The number,
irrelevant to the task, was presented for 300 msec. Then, after a variable delay (Inter-Stimuli-
Interval) that varied from 50 to 1000 msec., the target to be detected appeared on the right or
on the l€eft. Interestingly, after perception of large numbers (8 and 9), detection was faster for
targets in the RV, whereas after small numbers (1 and 2) detection was faster for targetsin
the LVF. This effect appeared at 1SIs from 400 msec. until 750 msec. with maximal effect
occurring with ISls of 400 and 500 msec.

These findings add important evidence to what is known about the space-numbers
relationship, suggesting that the redirection of attention over an internal representation after
perceiving a number influences the allocation of attention in the visual field. According to the

authors, similar structures underlie attention shifts across internal representations and external



space. Analogous results have been shown in other studies (eg., Tlauka, 2002), although some
variations in the paradigm (eg. timing in Keus and Schwarz, 2005) lead to afailurein
reproducing the effect.

Other studies such as Gevers et a. (2006) indicate that an association between
numbers and space can be detected at the response stage, but additional research is required to
determine whether such an association is also present at the attentional stage when
participants are initialy attracted to the target stimuli. We sought to address this issue by
studying the electrophysiological correlates using the paradigm of Fischer and collaborators.
The ERP method offers a high temporal resolution in the range of milliseconds and precisely
reflects the temporal sequence of perceptual and cognitive computations. We varied slightly
Fischer’s paradigm by means of a delayed detection response, where the detection response
was not requested immediately after the target but following afixed time after the target. This
variation smply allowed us to capture the stimulus processing phase and to separate it from
the preparation of the response. In this way, we examined possible variations in the sensorial
and cognitive electrophysiologica components time locked to the target, which may be
dependent on the previous perception of numbers.

Severa experimental studies have explored biases induced by attention on the
perception of visual targets using ERPs. Different components (P100, N100 and P300) have
been reported to be modulated as a function of previous cueing. One of the most important
components related to spatial attention is the P100, a positive component with maximum
amplitude peaking around 100 msec post-stimulus onset and typically showing an occipital
scalp distribution. Stimuli presented at attended locations elicit larger PLO0 components than
unattended locations with no change in P100 latencies or scalp distribution (Hillyard et al.,
1995; Mangun, 1995; Mangun et al., 1998). Reflexive and top-down orienting produce a

similar P100: Both exogenous orienting, generated by non-predictive cues (e.g., salient



sensory cue like aflash presented in the periphery) and endogenous orienting, generated by
predictive cues (classically presenting an arrow in the centre) produce an amplification of the
P100. This component has been aso shown to be modulated by the cueing originated in
representations held in working memory (e.g. Awh, et a., 2000; see Awh and Jonides, 2001
for areview). According to some authors (eg. Hillyard and Anllo-Vento, 1998; Brefczynski
and DeY oe, 1999), the cueing produces a sensory amplification or gain control on subsequent
stimulation at the attended location already from the engagement of extrastriate cortex. But
this sensory activity can be modulated by other areas. Some neuroimaging studies suggest that
parietal areas can modulate this striate activity, indicating the possibility of top-down
modulation of the processing of the input to early visual areas (Fink et a., 1996; Wood et dl.,
2006).

A later stage of processing indexed by the P300 component has been shown to be
modulated by attention (Hopfinger and Mangun, 1998, 2001; Hopfinger and West, 2006). The
P300 is a high-level positive component that typically shows a Centro-Parietal scalp
distribution with maximum amplitude around 300 msec. post-stimulus onset. Different
temporal windows have been reported for this component though depending on task demands
and experimental paradigms. A number of factors are known to influence P300 amplitude,
such as the relevance or frequency of the stimulus, the amount of attention resources
necessary to perform atask, working memory updating and decision making (Kok, 2001;
Bashore and Van der Molen, 1991; Donchin and Coles, 1988). The modulation of the
amplitude in this component is also dependent on the process measured. P300 is typically
larger to attended than to unattended targets. When a probability over targets is manipulated
(e.g. oddball paradigm, see Priftis thisissue), the P300 is larger to infrequent than frequent
stimuli (Donchin, 1981). Previous studies have shown that exogenous attention can enhance

the P300 showing that the amplitude of the P300 is significantly larger for cued-location than



for uncued-location targets at short 1SIs (Hopfinger and Mangun, 1998; 2001). Interestingly,
the modulation of the P300 produced by endogenous attention seems to be bigger (e.g.,
Hopfinger and West, 2006).

With respect to the mental number line representation and the cueing paradigm used in
our study, four different conditions can be constructed depending on the size of the number
and the location of the target (Fischer et al., 2003). A design congruency (2) x side of
presentation of the target (2) was chosen due to the moment of measurement of the ERPs: the
presentation of the lateralized target. Congruent trials were thus defined as RVF and LVF
targets presented after alarge or a small number respectively, and incongruent trials were
defined as the opposite combination of number size and target |location.

Based on the review of the literature using ERP methods and on Fischer et al.’s
previous results presented above, we made the following predictions. If shifts of attention
across an internal representation (induced by perceiving numbers) influence the alocation of
attention in the visual field, then modulations of the P100 and P300 components would be
expected, showing larger amplitudes for congruent than for incongruent trials irrespective of
the side of presentation of the target. A modulation of these components dependent on the
congruency between the number-cue and the target location would agree with the behavioural
data of Fischer et a. (2003). Importantly, due to the recording of ERPs time locked to the
presentation of the target, an effect on the P100 would entail an initial sensory process
induced by numbersin the processing of the target. This effect would better characterize the
interaction found by Fischer et al., between the number and the spatial target, at the level of
shifts of spatial attention induced by numbers. The modulation of P300 amplitude by
congruency would signal an impact of number representation on higher (spatial) cognitive
processes undertaken when detecting a lateralized target. Since P300 is related to the

elaboration of the stimulus, and reveals the behavioural relevance computation of the cued



location (Hopfinger and Mangun, 1998, 2001), a modulation of the P300 would imply an
influence of the number-spatial representation on conditioning higher processes related with
the computation of the relevance of a spatial location. In other words, the location activated
by the relative size of the number would have been tagged as being more relevant than other

locations.

Il. Methods
I1.1. Participants

After giving informed consent, 12 Italian students (mean age = 23; range = 20-29; 5
males) were tested individually in a single session that lasted for about 30 minutes. All of

them were right-handed, neurologically normal and had normal or corrected-to-normal vision.

I1.2. Stimulus presentation and procedure

Participants were comfortably seated at 90 cm. from a computer monitor and were
asked to fixate the centre during the whole the experiment. They completed 240 trialsin a
simple detection task. Each trial started with a central dot flanked by two peripheral (left and
right) empty black square-outline boxes (size 2.54°) presented for 500 msec., and then the
fixation point was replaced by the cue. The cue consisted of one out of white digits (1, 2, 8 or
9; visual angle 1.9°) which was centrally presented for 300 msec. After afix delay (1SI) of
450 msec., the target was presented for 700 msec. The target consisted of awhite circle (1.99),
which was presented with equal probability within one of the two peripheral boxes on 67% of
all trials (visual angle of presentation 1.88°). In the remaining trials (33%), a target was not
presented (catch trials), they were constituted to prevent anticipatory responses. ERPs time-
locked to the appearance of the target were registered. Differing from Fischer et a. (2003)

experiment, a delayed response was required to avoid that the el ectrophysiological response to



the target being obscured by the preparation of the response. After the target, a question mark
was presented in the centre of the screen for 1000 msec. In delayed detection task, participants
were instructed to respond as quickly as possible when the question mark appeared by
pressing a button with the right hand only if atarget, irrespective of itslocation, had appeared
before. The participants were instructed that the digits did not predict target location. The set
of 240 trials was divided in two blocks of 120 trias each, with an equal number of trials (40)
by condition (large-number/RVF (congruent); small-number/LVF (congruent); large-
number/LVF (incongruent); small-number/RVF (incongruent); large-number/catch; small-
number/catch). Trials were randomized for each participant within each block. Each block
lasted approximately 8 min and a short rest period was provided between blocks. To
familiarize participants with the task, the experiment started with a practice session consisting

of 10 trials.

I1.3. Data acquisition and analysis

Continuous EEG was recorded from 28 scalp electrodes mounted on a elastic cap
(Electrocap) and located at standard |eft and right hemisphere positions over frontal, central,
parietal, occipital and temporal areas (International 10/ 20 System, at Fz, FCz, Cz, CPz, Pz,
Oz, Fpl, Fp2, F3, F4, C3, C4, P3, P4, O1, 02, F7, F8, T3, T4, Ft7, Ft8, Fc3, Fc4, Cp3, Cp4,
Tp7, Tp8). These recording sites plus an electrode placed over the right mastoid were
referenced to the left mastoid el ectrode. The data were recorded continuously throughout the
task by SynAmps amplifier and software NeuroScan 4.3. Each electrode was re-referenced
off-line to the algebraic average of the left and right mastoids. Impedances of these electrodes
never exceeded 5 kQ. The horizontal electro-oculogram (HEOG) was recorded from a bipolar
montage with electrodes placed 1 cm. to the left and right of the external canthi; the vertical
(VEOG) was recorded from a bipolar montage with electrodes placed beneath and above the

eye, to detect blinks and vertical eye movements. EOG activity was subtracted from EEG



epochs using a regression method in the time domain (Semlitsch et al., 1986). Epochs from
100 msec. before and 600 msec. after the presentation of the target were extracted from the
EEG. The EEG and EOG were amplified by a Synamp’s amplifier and filtered with a band
pass of 0.01-30 Hz, and digitized at 500 Hz. Epochs were excluded from averaging if they
contained amplitudes outside the range +/-150 pV at any EEG site. ERPs were extracted by
averaging trials separately for subjects, electrodes and experimental conditions.

The averages were then baseline corrected, with the 100 msec. pre-stimulus period
serving as baseline. ERP averages were analysed by computing the mean amplitude in
selected latency windows relative to a 100 msec. baseline. ANOV As were used for all
statistical tests and were carried out with the Greenhouse-Geisser correction for sphericity
departures (Geisser and Greenhouse, 1959). ANOV As were conducted separately for midline
and lateral electrodes. ANOV Asfor midline electrodes used a repeated-measures design
taking as factors congruent/incongruent, side of presentation of the target (Left Visual Field
(LVF) / Right Visua Field (RVF)), Localization (2 Regions Of Interest [ROIS] or Area;
Anterior and Posterior) and electrodes (3 for each ROI with Anterior including: Fz, FCz, Cz,
and Posterior including: CPz, Pz and Oz). ANOVAsfor lateral electrodes also used a
repeated-measures design with congruency (congruent/incongruent), side of presentation of
the target (Left Visua Fied (LVF) / Right Visual Field (RVF)), hemispheres (Left vs. Right),
Localization (3 Regions Of Interest [ROIs] or Area; Anterior, Centro-Parietal, and Occipito-
Tempora), and electrodes (3 for each ROI with Left Anterior including: F7, F3, FC3; Left
Centro-Parietal: CP3, C3, P3; Left Occipito-Temporal: T3, TP7, O1; Right Anterior: F8, F4;
FC4; Right Centro-Parietal: CP4, C4, P4 and Right Occipito-Temporal: T4, TP8, O2). The
electrodes Fpl, Fp2, Ft7, Ft8 were excluded from the analysisin order to obtain ROI

including the same number of electrodes.



I11. Results
Behavioural data

Average reaction times for the go-response of the twelve participants were determined
with a2 x 2 ANOVA including two levels of congruency (congruent vs. incongruent) and two
levels of side of presentation of the target (LVF/RVF) as factors. Due to the delayed
characteristic of the response, no significant main effects or interactions were found.
[congruency: F(1,11)=1.3; ns; side: F(1,11)=0.03; ns, side x congruency: F(1,11)=2.6; ng].
The difference between congruent and incongruent was 2 msec. in the RVF and -17 msec. in

the LVF.

ERP data.

The traces presented in Figure 1 show the grand average potentials with congruent and
incongruent trials superimposed recorded at Cz (central midline electrode). Visual inspection
seems to reveal two positive differences, larger for congruent than for incongruent trials. The
first difference was an early positivity with bigger amplitudes distributed around the occipital
sites and peaking at 114 msec. (according to peak detection). Based on its latency and global
distribution, this first positivity can be identified as the P100 component. The second
positivity was distributed around the Centro-Parietal sites and peaking at 314 msec. Based on
its latency and global distribution, this second positivity can be identified as the P300
component. With respect to the catch trials, visua inspection shows clearly that these two
components (P100 and P300) were not elicited when atarget was not presented (see Figures 2
and 3)*. In order to examine these congruency effects in further detail, two latency ranges of
main interest were selected, both from visual inspection of the ERP traces and from
comparison with previous results available in the literature: the 80-130 msec. intervad, to test

the P100 component and 200-400 msec. to test the P300 component (see Hillyard and Anllo
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Vento, 1998 for areview; Duncan-Johnson and Donchin, 1982 or Donchin, 1981 for the

P300).

P100 (80-130 msec.).

The first latency range between 80 and 130 msec. showed a significant main effect of
congruency both in midline [F(1,11)=11.34; MSe=11.34, p<.001] and lateral [F(1,11)=7.99;
MSe=16.37; p<.05] electrodes. congruent trials elicited alarger positivity compared to
incongruent trials, with no interaction by side. In the midline electrodes a significant triple
interaction congruency X ROI X electrode was found [F(2,22)=12.92; M Se=0.43; p<.001].
Post Hoc analyses showed that the difference between congruent and incongruent trials was
significant in al midline electrodes except in Oz. Moreover, congruency interacted by ROI in
the lateral electrodes [F(2,22)=5.94; MSe=3.76; p<.05], reflecting that the congruency effect
was localized only at the Centro-Parietal [F(1,11)= 13.68; M Se=6.75; p<0.005] and Anterior

areas [F(1,11)=5.16; MSe=12.51; p<0.05].

P300 (200-400 msec.)

This second latency range showed again a main effect of congruency both in midline
[F(1,11)=16.38; MSe=3.9; p<.005] and lateral [F(1,11)=7.26; MSe=9.1; p<.05] electrodes:
congruent trials elicited larger positivities than incongruent trials. Once again, congruency did
not interact by side. Midlines el ectrodes showed also atriple interaction between congruency,

ROI and electrodes [F(2,22)=7.57; MSe=2.3; p<.005]: as in previous |latency range, Post Hoc
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analysis revealed that the effect of congruency was present in all midline electrodes except in
Oz. Moreover, significant interaction between congruency and ROI [F(2,22)=4.73;
MSe=4.73; p<.05] was found in lateral electrodes, reflecting that the congruency effect was
mainly distributed around the Anterior [F(1,11)=11.42; M Se=2.88; p=0.006] and Centro-

Parietal sites[F(1,11)=9.57; M Se=5.38; p<.01] but not in Occipito-Tempora areas (F<1).

V. Discussion

The ERP results from this experiment are consistent with the behavioural data of
Fischer and collaborators (2003) and add new important information: First, as revealed by the
modulation of the P100 sensory processes seem to be modulated by the congruency between
number-cue and the target location. These early congruency effects begin as early as 80 msec.
after the presentation of the target. Second, not only sensory processes but also later cognitive
processes are modulated by the congruency between number size and location of the target, as
revealed by the modulation of the P300. Third, maxima amplitude differences of the
congruency effects are located in Anterior and Centro-Parietal areas (for P100 and P300)

The sensory P100 component has been shown to be enhanced when atarget is
presented at an attended location, which has been previously cued by an externa cue. The
effects of congruency in this component are typically distributed in occipital sites and the
generators of the P100 have been identified in the extrastriate cortex (Hillyard and Anllo-
Vento, 1998; Mangun et a., 1997). The cueing generates an amplification of the signal (i.e.
P100 bigger amplitude) when atarget appears at the cued location. Some studies have

explored the bias of selective attention to location generated by representational stimuli (e.g.
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Awh et al., 2000; Nobre et a., 2004), but these studies aways entail that a previously
presented visual stimulusis held in memory. By contrast, in our study, the shifts of spatial
attention generated by numbers were purely representational and there is no explicit spatial
stimulation, as the number was presented centrally. Modulation of the P100 (larger
positivities for congruent than incongruent trials) provides neural evidence that a centrally
presented number-cue can also influence the mechanism of attention to external locations.
However, and although the P100 component had a tendency to have larger amplitudesin
occipital sites, the effects of congruency were not located in occipital areas (see Table 1).
Therefore, the stage of processing indexed by the modulation of the early-P1 could receive
input from different generators with external and internal representational spatial cues acting
through different mechanisms. This process points to the presence of more widely distributed
networks in congruency effects when representations with spatial characteristics like numbers
are taken as cues (which may be due to the close relation between parietal cortex and number
representation). On the basis of our results, we may speculate that perceiving number cues
implies an intermediate spatial representation (generated in the intraparietal cortex) that has a
direct effect on the amplitude of the P100. Different fMRI studies have suggested the
possibility that parietal areas can exert attentional control over the neura transformations
occurring in striate cortex (Fink et al., 1996; Wood et a., 2006), demonstrating top-down
modulation of early processes of selective attention. We believe that this top-down
mechanism could also explain the distribution of the congruency effect in our experiment.
Not only sensory processes are influenced by congruency: the two congruency
conditions differed in their cognitive requirements, as evidenced by the fact that P300
component is modulated by the cue-target congruency. P300 increases in amplitude in
congruent trials. This result differs from Mangun and Hillyard (1991) which showed smaller

amplitude for valid trials. The difference between their study and ours has to do with the

13



manipulation of the probability of the target. In their study, Mangun and Hillyard presented
invalid targets with alower probability of appearance, which triggered alarger P300. In our
study congruent and incongruent trials are equally probable. Thus P300 is an index of validity
and not of detection of infrequent stimuli. Our results are rather consistent with those of
studies where the degree of endogenous attention to the location of the target increases
gradually the amplitude of the P300 (Mangun and Hillyard, 1990). Exogenous (at short | SIs)
and endogenous attention can modul ate the amplitude of the P300 depending on the cueing
condition (Hopfinger and Magnun, 1998, 2001; Hopfinger and West, 2006). This P300 effect
isexplained in terms of the increase of relevance of the cued location. Endogenous factors
have also been described in terms of attention allocation, retrieval and maintenance of a
representation in working memory (Kok, 2001; Bashore and Van der Molen, 1991; Johnson,
et a., 2007); factors that increase P300 amplitude. We believe that the larger P300 amplitude
found for congruent trial signals that atrace of the relevance of alocation may have been hold
in working memory (Donchin, 1981). In our view, the perception of the digit could activate
the spatial representation of the number. Then its position in the mental number lineis held in
working memory determining the relevance of a certain location in external space. In support
to thisinterpretation, a previous study of neglect patients has shown that right brain damage to
prefrontal spatial working memory structures is the main source of pathological rightward
deviation observed (Doricchi et al., 2005).

One last comment concerns the degree of control in the orienting effect that comes
into play within the present paradigm. Also from this perspective, the present study suggests
an endogenous, top-down nature of attention orienting generated by central numbers.
According to the timing conditions and the predictive characteristics of the target that have
been used in the previous literature no modulation of the P100 and P300 should be found

(Hopfinger and Mangum, 2001; Hopfinger and Ries, 2005). Only endogenous orienting
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would increase the amplitude of the P100 and P300 at the ISl used in the present study (equal
to a SOA of 750 msec.). This observation perfectly fits with the point raised by Ristic, Wright
and Kingstone (2006). The orienting effect for central digitsin this paradigm emerges slowly,
suggesting that top-down endogenous processes may be mediating this effect. The authors
give behavioural evidence of aflexible representation of the mental number line, which can
be controlled endogenously.

Overal, the course of the components described in this paper better specifies the
processes taking place in the paradigm proposed by Fischer et al., (2003). Although the digits
areirrelevant for the task?, participants activate a spatial representation (left to right “mental
number line”). The relative magnitude of the number, small or large, generates an orienting of
attention on this representation towards the left or the right visual field, respectively. More
precisely, P100 modulation indicates that this shift of spatial attention cues external spatial
representation and is able to amplify the sensory input of the target when it coincides with the
cued location. A second process implies that this spatial representation is held in spatial
working memory and modifies the relative relevance of the two hemifields, as signalled by
the modulation of the P300.

The present data must be taken as another index of the close link between number
representation and space representation (Walsh, 2003, Dehaene et a., 2003). They extend and
clearly establish that the perception of irrelevant digits activates the semantic representation
of numbers and has an effect on spatial attention to subsequent spatial stimuli. Moreover,
these data increase our understanding of the mechanisms behind spatial cueing generated by
pure representations and provides a baseline in neurophysiologic terms for this paradigm.
Whether changes in the instructions related to the kind of representation required for retention

in memory would change the present pattern of ERPsis an open question.
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Table 1. Mean amplitudes and standard deviations of the ROI x congruency interaction for the

P100 and P300 components.
ROI P100 P300

Incongruent Congruent Incongruent Congruent
Anterior -1.54 (0.45) -0.82 (0.36) 3.74 (0.37) 4.31 (0.39)
Centro-Parietal -1.57 (0.38) -0.83 (0.42) 6.16 (0.77) 6.82 (0.76)
Occipito-Temporal -0.61 (0.25) -0.51 (0.23) 3.63 (0.67) 3.61 (0.59)
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Figure captions

Figure 1. Illustration of the variationsin brain electrical activity time-locked to the | eft target
(left panel) and right target (right panel) when large number (solid line) or small number
(dashed line) were presented in cue. Each trace represents an average of electrophysiological

data from Cz electrode and recorded from 12 participants.

Figure 2. Illustration of the variationsin brain electrical activity time-locked to the | eft target
(black trace) and catch (blue trace) when large number (solid line) or small number (dashed
line) were presented in cue. Each trace represents an average of electrophysiological data
recorded from 12 participants. While EEG was recorded from 28 electrodes, only the most
representative clusters of electrodes (24 electrodes) were analysed using ANOVAS, and

selected traces from 12 electrodes are presented.

Figure 3. llustration of the variations in brain electrical activity time-locked to the right target

(black trace) and catch (blue trace) when large number (solid line) or small number (dashed

line) were presented in cue.
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FOOTNOTES

L A separate analysis was made for catch trials comparing large and small numbers. This was
made in order to identify possible differences between numbers not due to the experimental
manipulation. Results showed no significant differencesin both latency bands.

2 Note that the task is indirect, which according to Cohen Kadosh et al., (this issue) alows a

clear access to mental representation.
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