






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Spatial coordinate systems for tactile spatial

tested with paired t-tests, and differences between groups were tested with independent ... Hemisphere) and along the anteriorâ€“posterior axis (factor Cluster with. 

















 Télécharger le PDF 






 431KB taille
 1 téléchargements
 339 vues






 commentaire





 Report
























European Journal of Neuroscience



European Journal of Neuroscience, Vol. 28, pp. 475–483, 2008



doi:10.1111/j.1460-9568.2008.06352.x



Spatial coordinate systems for tactile spatial attention depend on developmental vision: evidence from event-related potentials in sighted and congenitally blind adult humans Brigitte Ro¨der,1,3 Julia Fo¨cker,1,3 Kirsten Ho¨tting1,3 and Charles Spence2 1



Biological Psychology and Neuropsychology, University of Hamburg, Hamburg, Germany Crossmodal Research Laboratory, Experimental Psychology, University of Oxford, Oxford, UK 3 Department of Psychology, Philipps-University Marburg, Marburg, Germany 2



Keywords: blindness, body image, event-related potentials, sensorimotor integration, space representation



Abstract Changes in limb posture (such as crossing the hands) can impair people’s performance in tasks such as those involving temporal order judgements, when one tactile stimulus is presented to either hand. This crossed hands deficit has been attributed to a conflict between externally and anatomically anchored reference systems when people localize tactile stimuli. Interestingly, however, the performance of congenitally blind adults does not seem to be affected by crossing the hands, suggesting a default use of an anatomically rather than an externally anchored reference system for tactile localization. In the present study, 12 congenitally blind and 12 sighted adults were instructed to attend to either the left or the right hand on a trial-by-trial basis in order to detect rare deviants (consisting of a double touch) at that hand, while ignoring both deviants at the other hand and frequent standard stimuli (consisting of a single touch) presented to either hand. Only the sighted participants performed less accurately when they crossed their hands. Concurrent electroencephalogram recordings revealed an early contralateral attention positivity, followed by an attention negativity in the sighted group when they adopted the uncrossed hands posture. For the crossed hand posture, only the attention negativity was observed with reduced amplitude in the sighted group. By contrast, the congenitally blind group displayed an eventrelated potential attention negativity that did not vary when the posture of their hands was changed. These results demonstrate that the default use of an external frame of reference for tactile localization seems to depend on developmental vision.



Introduction There are many examples demonstrating the robust inﬂuence of vision on tactile localization. For example, in the rubber (or virtual) hand illusion, humans perceive their real arm (located behind an occluding surface) as being located at the position of the visible rubber arm lying on top of the desk (Pavani et al., 2000; Ehrsson et al., 2004). Findings such as this suggest that tactile localization typically tends to be dominated by visual rather than by proprioceptive input. A number of other studies have manipulated the position of participants’ limbs in order to demonstrate that tactile stimuli presented to the skin are at least partially localized in terms of a non-anatomical space or nonsomatotopically organized coordinate system (Lakatos & Shepard, 1997; Yamamoto & Kitazawa, 2001; Shore et al., 2002; Schicke & Ro¨der, 2006). For example, temporal order judgements (TOJs) for pairs of tactile stimuli, one presented to either hand became less precise when the hands are crossed over the midline as compared with when the more normal parallel (i.e. uncrossed) hands posture is adopted. It has been hypothesized that crossing the hands results in the misalignment of anatomically deﬁned (somatotopic) and visually ⁄ externally deﬁned coordinate systems, which in turn results in
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the slower localization of the stimuli due to the need to resolve this internal conﬂict (Yamamoto & Kitazawa, 2001). Studies using eventrelated potentials (ERPs) support this assumption (Eimer et al., 2001). Early spatial attention effects disappear when anatomical and external reference frames are placed in conﬂict, thus suggesting that both modality-speciﬁc and supramodal coordinate systems are activated in parallel during sensory localization. The remapping of sensory input into an external reference frame seems to be linked to the visual system. That is, congenitally blind people do not show a crossed hands deﬁcit in the tactile TOJ task (Ro¨der et al., 2004), suggesting that they do not experience a conﬂict between an anatomical and external reference system when they localize tactile stimuli. It could, however, be argued that the lack of body posture effects on tactile localization in the congenitally blind does not indicate the lack of a conﬂict between an anatomically and an external reference frame, but rather results from a more efﬁcient coping with this internal conﬂict by the congenitally blind as compared with sighted adults. It is difﬁcult, if not impossible, to discriminate between these two alternative explanations based solely on behavioural data. By contrast, recording ERPs allows for an online monitoring of the stages of somatosensory information processing. Thus, if at any stage of somatosensory processing a conﬂict between anatomically and externally anchored references frames emerges, ERPs would be expected to differ for tactile stimuli applied at the hands when they are placed in an uncrossed as compared with a crossed posture.
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476 B. Ro¨der et al. In the present study, we recorded ERPs while using a similar procedure to that reported by Eimer et al. (2001). A tone presented at the beginning of each trial indicated which hand had to be attended to next. The participants had to detect rare double stimuli at the attended hand while ignoring double touches presented to the other hand and single touches presented to either hand. While we expected spatial attention to enhance the ERPs of both groups of participants, we predicted hand posture effects both for the behavioural measures (worse, or less sensitive, performance in the crossed hand condition) and for the ERPs (less pronounced and delayed spatial attention effects in the crossed as compared with the uncrossed hand posture condition) in the group of the sighted only.



Materials and methods Participants Sixteen congenitally blind adults and 17 sighted adults took part in this study. Four congenitally blind and ﬁve sighted participants were excluded from the data analyses because of excessive eye movements, technical problems or apparently random task performance (one sighted participant). The data collected from 12 congenitally blind participants (mean age: 26.2 years; range: 20–35 years; see Table 1 for details) were compared with the data from 12 sighted blindfolded university students (mean age: 23.5 years; range: 19–34 years; ﬁve female, all right handed) with normal or corrected to normal vision. The sighted participants were blindfolded throughout the experiment. All participants gave written informed consent. The experiment was performed in accordance with the ethical standards laid down in the Declaration of Helsinki (2000) and the ethical requirements of the University of Marburg, where the initial experiments for this study were performed.



Stimuli and procedure Each trial started with the presentation of either a high- (1000 Hz) or low-pitched (900 Hz) sound (S1). These two tones were presented equiprobably in a randomized order from a central loudspeaker [68 dB (A), location: 60 cm in front of a participant; Fig. 1]. The pitch of the tone indicated which index ﬁnger (left or right regardless of its location in space) was task-relevant in that trial. The assignment of the tones to a participant’s hands was counterbalanced across participants. The tactile stimuli (S2), which were delivered by means of metallic pins (diameter: 0.8 mm; height when set: 0.35 mm) placed under each index ﬁnger and which produced the sensation of light touch, were presented after a stimulus onset asynchrony of 1000 ms. For standard stimuli (P = 0.75) the pins were moved up for 200 ms (single touch),



for deviant stimuli (P = 0.25) stimulation was interrupted after 95 ms for 10 ms (double touch). The tactile stimulators were placed inside kitchen gloves in order to attenuate the sounds produced by their operation. The remaining faint sound of the stimulators was further masked by white noise presented over headphones. The participants’ hands were separated by 40 cm. While hands were located in a parallel posture in the uncrossed condition, they were crossed over the midline (with the left hand being crossed over the right hand) in the crossed hand condition so that the right hand was in the left hemiﬁeld and the left hand was in the right hemiﬁeld. The participant’s head was immobilized using a chin rest. The participants’ task involved the detection of tactile deviants presented to the task-relevant index ﬁnger (indicated by the tone at the start of each trial) while ignoring all of the stimuli presented to the other hand and the standard stimuli to either hand. The participants indicated the occurrence of a target by lifting their toes from a response pedal placed in half of the blocks under their left and in the other half of the blocks under their right foot (order counterbalanced over participants). The experiment consisted of 16 blocks with 96 standards and 32 deviants in each block, half of the stimuli were presented to the participant’s right index ﬁnger and the remainder to their left index ﬁnger. The stimuli were presented in a random order. The posture of the participants’ hands changed after every two blocks. Half of the participants started with the uncrossed hand posture, while the other half started with the crossed hands posture. The participants completed 64 practice trials for each hand posture condition before the experimental trials started. ERP recording The electroencephalogram was recorded from 61 locations using passive electrodes (non-polarizable Ag ⁄ AgCl; Easy Cap, FMS) arranged equidistantly in an elastic cap. The common reference was provided by a right earlobe recording; an averaged right ⁄ left earlobe reference was calculated ofﬂine. The digitization rate was 500 Hz (16 bit resolution) and the bandpass of the ampliﬁers (Synamps, Neuroscan) was 0.1–100 Hz. The horizontal eye movements of participants were monitored by means of a bipolar recording comprising two electrodes attached to the outer canthi of each eye; vertical eye movements were measured by means of an electrode placed under the right eye against the common right earlobe reference. The electrode impedances of all scalp electrodes were kept below 5 kW, and those of electrooculogram electrodes below 10 kW by preparing the skin of participants with Every (Gelimed) and alcohol. ECI Electrogel (Electrocap International) served as the electrolyte for all of the electrodes.



Table 1. Description of the congenitally blind participants Participant



Age



Gender



Handedness



Visual perception



Age of onset



Cause of blindness



1 2 3 4 5 6 7 8 9 10 11 12



20 21 34 29 23 26 20 25 28 25 28 35



Male Male Female Female Female Female Male Male Male Female Female Male



Neither Right Neither Right Right Neither Right Right Right Neither Neither Right



None None None None Diffuse light None Diffuse light None None Diffuse light None None



Birth Birth Birth Birth Birth Birth Birth Birth Birth Birth Birth Birth



Eyeballs did not develop Norrie syndrome Retina degeneration Retrolental ﬁbroplasia Retina degeneration Retina degeneration Unknown peripheral defect Toxication Unknown peripheral defect Toxication Toxication Ooptical nerve atrophy
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Spatial coordinate systems in sighted and blind adults 477



Fig. 1. Experimental set up (top panel) and schematic drawing of the trial structure.



Data analyses Behavioural data Responses to targets (deviant tactile stimuli presented to the attended index ﬁnger) were categorized as correct responses (Hits) when they were recorded 300–1000 ms after the tactile deviant stimulus. Responses to tactile deviant stimuli at the non-attended index ﬁnger were counted as false alarms. d¢ values [z[P(hit)] ) z[P(false alarm)]] (Green & Swets, 1966) were derived for each participant. Reaction times (RTs) and d¢ scores were separately submitted to an analysis of variance (anova), with the between-participants factor of Group (sighted vs. blind) and the repeated measurement factor of Hand Posture (uncrossed vs. crossed). Differences within a group were tested with paired t-tests, and differences between groups were tested with independent samples t-tests. ERP data For the ERPs to the tactile standard stimuli, electrodes were remapped to ipsi- and contralateral recording sites with respect to the index ﬁnger, where the tactile stimulus was presented; ERPs were averaged



across ‘attend right index ﬁnger’ and ‘attend left index ﬁnger’ conditions. A subset of three electrodes each was combined to clusters. Clusters were classiﬁed as either ipsi- or contralateral (factor Hemisphere) and along the anterior–posterior axis (factor Cluster with eight levels; see Fig. 3). ERPs to tactile standard stimuli were separately averaged for the two levels of Attention (attended vs. unattended index ﬁnger) and the two hand postures (uncrossed vs. crossed), resulting in four different ERPs. These ERPs were calculated with respect to a 100-ms pre-S2 baseline. Based on earlier reports and on a visual inspection of the grand averages, three time epochs were analysed: (i) 96–120 ms (P1); (ii) 160–250 ms (Nd1); and (iii) 300–380 ms (Nd2). For each epoch, a Group (sighted vs. blind) · Attention (attended vs. unattended) · Hand Posture (uncrossed vs. crossed) · Hemisphere (left vs. right) · Cluster (eight levels) anova was performed. Higher order interactions were followed up with appropriate sub-anovas and t-tests. Groups were always separately analysed as well. The scalptopography of the ERP attention effect (attended minus unattended) for the uncrossed hand posture condition was compared between the sighted and the blind group both before and after normalizing
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478 B. Ro¨der et al.



Fig. 2. d¢ scores for the sighted (white bars) and blind participants (black bars) in the uncrossed and crossed hands conditions.



the difference wave for each participant across all electrodes. The difference scores were combined to clusters. These scores for the second and third epoch (see below, a P1 attention effect was observed in the sighted but not in the blind) were submitted to an anova comprising the between-participant factor Group (sighted vs. blind), Hemisphere (left vs. right) and Cluster (eight levels). Statistics were calculated with the spss software. The Huynh–Feldt correction was applied to compensate for any violations of the assumption of sphericity (Huynh & Feldt, 1976); the corrected probabilities are reported.



Results Behavioural data An anova with the between-participants factor of Group (sighted vs. blind) and the repeated measures factor of Hand Posture (uncrossed vs. crossed) was calculated separately for the dependent variables d ¢ and RT. Overall, performance was high in both groups, with hit rates exceeding 85% and false alarm rates below 8% in both groups. Figure 2 depicts the sensitivity measure, d¢, for the Hand Posture conditions and for the two groups of participants. While the sighted participants performed more accurately when their hands were uncrossed than when they were crossed, the congenitally blind did not show any effect of Hand Posture (Interaction: Group · Hand Posture: F1,22 = 5.87; P = 0.024). The sighted participants outperformed the blind participants in the uncrossed Hand Posture condition (t22 = )3.12, P = 0.005; two-tailed), while performance did not differ between groups in the crossed Hand Posture condition (t22 = )0.98, P = 0.34; two-tailed). RTs were marginally signiﬁcantly faster in the sighted (M: 553 ms; SE: 17) than in the blind (M: 609 ms; SE: 23) (main effect Group: F1,22 = 3.84, P = 0.063). None of the other factors in the analysis of the RT data was signiﬁcant.



ERP data: somatosensory ERPs Time epoch 96–120 ms Tactile stimuli presented to the attended hand elicited a more positive potential than did the tactile stimuli presented to the unattended hand. The attention positivity could be reliably observed in the sighted group but not in the blind group (Fig. 3). The overall anova revealed a signiﬁcant ﬁve-way interaction of Group · Attention · Hand Posture



· Hemisphere · Cluster (F7,154 = 8.27, P = 0.002). [We report only the highest order interactions that allowed running sub-anovas here and in the following.] The corresponding four-way interaction was signiﬁcant for cluster 2 (F1,22 = 8.52, P = 0.008) and cluster 5 (F1,22 = 4.41, P = 0.047). Sighted group. Tactile stimuli elicited a more positive potential when they were presented to the attended ﬁnger than when they were presented to the unattended ﬁnger; this effect was more pronounced over the contralateral than over the ipsilateral hemisphere with respect to the stimulated hand and was only observed for the uncrossed hand condition (Hand Posture · Attention · Hemisphere · Cluster: F7,77 = 11.99, P = 0.002). A three-way interaction between Hand Posture · Attention · Hemisphere was observed for clusters 1, 2, 4 and 5. Follow-up analyses revealed signiﬁcant (P < 0.05) positive attention effects at the contralateral clusters 2, 3, 4, 6 and 8 and the ipsilateral clusters 2, 7 and 8 for the uncrossed condition, but no signiﬁcant effects were observed for the crossed hand condition. A direct comparison of the amplitude of the attention effect between the two hand postures revealed signiﬁcantly larger attention positivities for the contralateral clusters 2 and 5 (P < 0.05). Blind group. The Attention · Cluster (F1,11 = 4.58, P = 0.011) and the Attention · Hemisphere (F1,11 = 5.79, P = 0.035) interactions reached signiﬁcance. A signiﬁcant Attention · Hemisphere interaction was observed for clusters 3, 4 and 6. However, follow-up t-tests failed to conﬁrm a more positive potential for the attended than unattended condition. Time epoch 160–250 ms Tactile stimuli presented to the attended ﬁnger elicited more negative potentials than those stimuli presented to the unattended ﬁnger in both groups. This attention negativity was more pronounced over the ipsilateral than over the contralateral side. The crossing of the participants’ hands resulted in a reduced attention negativity in the sighted but not in the blind. The overall anova revealed a signiﬁcant ﬁve-way interaction of Group · Attention · Hand Posture · Hemisphere · Cluster (F7,154 = 18.41, P < 0.001). The corresponding four-way interaction was signiﬁcant for cluster 1 (F1,22 = 12.03, P = 0.002), cluster 2 (F1,22 = 18.09, P < 0.001) and for cluster 4 (F1,22 = 8.57, P = 0.008).
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Fig. 3. Grand average ERPs elicited by tactile stimuli (S2) at central ipsilateral (I) and contralateral (C) electrode clusters (referred to the anatomical side of the stimulated hand; see ﬁrst and second column). In the ﬁrst two columns, ERPs are superimposed for the unattended and attended condition. ERPs for the uncrossed and crossed hand condition are shown separately for each group (group of the sighted: ﬁrst and second row; group of the blind: third and fourth row). The difference ERPs (attended minus unattended condition) for the same central cluster are shown in the third column; difference ERPs for the uncrossed and crossed hand conditions are superimposed. Negativity is up.



Sighted group. Because of a signiﬁcant four-way interaction of Attention · Hand Posture · Hemisphere · Cluster (F7,77 = 21.69, P < 0.001), sub-anovas were run for single clusters. The three-way interaction of Attention · Hand Posture · Hemisphere was signiﬁcant for clusters 4 (F1,11 = 9.98, P = 0.009) and 5 (F1,11 = 14.76, P = 0.003). The effect of Attention was reliable for both hand



postures (Attention · Hemisphere · Cluster interaction: uncrossed condition: F7,77 = 10.96, P = 0.001; crossed condition: F7,77 = 5.34, P = 0.007). For the uncrossed condition, the attention negativity was signiﬁcant for the ipsilateral clusters 1–6 (P < 0.05) and for contralateral clusters 3, 4 and 6 (P < 0.05). For the crossed condition, the attention negativity was signiﬁcant for the contralateral clusters 2–5
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480 B. Ro¨der et al. (P = 0.05) and for ipsilateral clusters 3 and 4 (P < 0.05, clusters 5 and 6: P < 0.1). A direct comparison of the amplitude of the attention effect between the two hand postures revealed signiﬁcantly larger attention negativities for the uncrossed compared with the crossed hand posture condition for the contralateral clusters 2, 3 and 5 and the ipsilateral clusters 1, 2, 4 and 5 (P < 0.05). Blind group. The Attention · Hemisphere (F1,11 = 18.47, P = 0.001) and the Attention · Cluster interactions (F1,11 = 7.94, P = 0.004) were signiﬁcant. As for the earlier time epoch, there was no effect of the Hand Posture factor. Sub-anovas for single clusters conﬁrmed a signiﬁcant Hemisphere · Attention effect for all clusters except cluster 2 (P < 0.05). The attention negativity was signiﬁcant over the ipsilateral hemisphere (clusters 1, 3–6: P < 0.05) for the uncrossed and crossed hand condition, and marginally signiﬁcant for the contralateral clusters 3 and 7 (P < 0.1) for both hand conditions. Time epoch 300–380 ms As for the 160–250 ms time epoch, the second phase of the attention negativity was signiﬁcant in both groups but was only affected by Hand Posture in the sighted. This was conﬁrmed by a signiﬁcant ﬁve-way interaction between Group · Attention · Hand Posture · Hemisphere · Cluster (F7,154 = 10.18, P < 0.001). The Group · Attention · Hand Posture · Hemisphere interaction was signiﬁcant for clusters 1, 2, 4 and 5 (P < 0.05). Sighted group. The signiﬁcant four-way interaction between Attention · Hand Posture · Hemisphere · Cluster (F7,77 = 18.94, P < 0.001) indicated a similar pattern of results as for the preceding epoch. The later phase of the attention negativity was reduced when the sighted participants adopted the crossed hand posture. The subanovas for single clusters revealed a signiﬁcant Attention · Hand Posture · Hemisphere interaction for clusters 1, 2, 4 and 5 (P < 0.003). Although the attention negativity was more pronounced over the ipsi- than over the contralateral hemisphere, it was signiﬁcantly different from zero in the uncrossed Hand Posture condition for clusters 1–5 over the ipsilateral hemisphere and clusters 1, 3–6 and 8 over the contralateral hemisphere. A signiﬁcant attention negativity was observed, although reduced in amplitude, for the crossed hand posture condition as well (ipsilateral clusters 1, 2, 4 and 7; contralateral clusters 1, 2, 4 and 5, P = 0.05). A signiﬁcantly larger attention negativity was observed at all ipsilateral clusters and at the contralateral clusters 2, 3, 6–8 for the crossed as compared with the uncrossed hand posture condition. Blind group. The overall anova Attention · Hand Posture · Hemisphere · Cluster revealed an Attention · Hemisphere interaction (F7,77 = 17.73, P = 0.001). The Hand Posture · Attention interaction was not signiﬁcant. The attention negativity was larger over the ipsi- than over the contralateral hemisphere [Attention · Hemisphere interaction was signiﬁcant (P < 0.05) at clusters 1, 3–6]. The attention effect was reliable at all clusters over the ipsilateral hemisphere in the crossed and uncrossed condition, and over the contralateral hemisphere at clusters 2, 4, 6–8 in the crossed condition. Comparison of the scalp distribution of attention effects to the tactile standard stimuli (S2) Because the blind showed reliable attention effects for the second (160–250 ms) and third epochs (300–380 ms), the scalp distribution of the attention negativity in the uncrossed condition was compared between groups for these two time epochs. Difference potentials



(attended minus unattended) were calculated and normalized for each participant (including all electrodes; cluster values were generated by averaging normalized scores of the three electrodes comprising each cluster). The Group · Hemisphere · Cluster anova revealed a signiﬁcant three-way interaction of Group · Hemisphere · Cluster for both time epochs, thus conﬁrming the more posteriorly-distributed attention negativity for the blind compared with the sighted, as seen in Fig. 4 (160–250 ms: F7,154 = 12.89, P < 0.001; 300–380 ms: F7,154 = 9.15, P < 0.001). [These Group·Hemisphere·Cluster interactions were signiﬁcant for non-normalized difference scores as well: 160–250 ms: F7,154 = 18.84, P < 0.001; 300–380 ms: F7,154 = 14.01, P < 0.001 (see Urbach & Kutas, 2002).]



Discussion The present study used ERPs to test whether the reference frames activated by default when allocating spatial attention to tactile stimuli depend on developmental vision. A group of congenitally blind human adults and a group of matched sighted controls were tested in a tactile attention task while adopting either a parallel or crossed hand posture. The main ﬁndings were as follows. (i) While sighted participants performed more accurately with uncrossed than with crossed hands, no Hand Posture effect was observed in the blind, that is, they performed at a similar level as the sighted when adopting a crossed hands posture. (ii) In the ERP recordings, only the sighted group showed a reliable attention positivity between 96 and 120 ms in the uncrossed condition. (iii) The consecutive attention negativity was signiﬁcant in both groups. However, this negativity was reduced in the crossed compared with the uncrossed condition in the sighted, while in the blind no effect of hand posture was observed. [Similar results have been reported recently by Jose´ van Velzen at the Body Representation Workshop, Rovereto, Italy, October 8–10, 2007.] (iv) The attention negativity was distributed more posteriorly in the blind than in the sighted. While the sighted group showed an early contralateral attention positivity (96–120 ms) in the uncrossed Hand Posture condition that was not observed in the crossed Hand Posture condition, the ﬁrst reliable attention effect in the blind group was an attention negativity during a later time epoch (160–250 ms). The later onset of a tactile spatial attention effect in the congenitally blind as compared with the sighted adults is in accordance with earlier reports (Ho¨tting et al., 2004), but is at odds with the recent reports by Forster et al. (2007) of an earlier onset of the tactile spatial attention ERP effects in their early blind sample as compared with the group of sighted controls tested in their study. A closer look at their study reveals that Forster et al. manipulated spatial attention within a single ﬁnger, while the present study as well as the study reported by Ho¨tting et al. manipulated spatial tactile attention between hands. In contrast to the hands, the different phalanxes of the ﬁngers are not able to arbitrary change their relative spatial location. Thus, it could be argued that the different locations on a ﬁnger are predominantly represented in somatotopic coordinates. This assumption is in accordance with suggestions from Haggard et al. (2006) and Ro¨der et al. (2002) who proposed that the localization of the ﬁngers (in contrast to the location of the hands) takes place within a somatotopic representation. Furthermore, it could be speculated that the somatotopic representation of the ﬁngers is more precisely tuned in the blind. Indeed, a higher tactile spatial resolution at the Braille reading ﬁnger of blind compared with sighted adults has now been reported in a number of studies (Pascual-Leone & Torres, 1993; Stevens et al., 1996; Ro¨der & Neville, 2003). Thus, when tactile attentional orienting and localization appear to be exclusively based on a somatosensory representation, the blind seem to be at an
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Fig. 4. Scalp distributions of the attention effects [ERP(attended) minus ERP(unattended)] for the uncrossed hand posture condition for time epochs 160–250 ms (left) and 300–380 ms (right). Electrodes on the right and left hemisphere indicate contralateral and ipsilateral electrodes, respectively. The potential maps for the sighted are shown in the top panel, those for the blind are shown in the lower panel.



advantage due to their more precise somatosensory representation of their ﬁngers. The present as well as earlier studies provided evidence that the localization of tactile stimuli on moveable body parts involves the activation of a non-somatotopic, more external frame of reference (Yamamoto & Kitazawa, 2001; Shore et al., 2002). Interestingly, and in accordance with earlier reports (Eimer et al., 2001), the earliest attention effect in the sighted sample tested in the present study disappeared when anatomical and external coordinates were misaligned, that is when participants adopted a crossed hands posture. Thus, with their hands crossed, the sighted showed the same onset of tactile spatial attention effects as did the congenitally blind regardless of the posture of their hands. One possibility here is that when tactile stimuli are presented to limbs that can easily change their relative



position, such as their left–right relation, an external frame of reference facilitates performance. This hypothesis is consistent with the behavioural data reported in the present study. Although the performance of both groups showed a high degree of sensitivity to the presence of the tactile target stimuli, the congenitally blind performed, irrespectively of the hand posture condition, at the level of the sighted when the latter adopted a crossed hand posture. By contrast, the sighted performed better with uncrossed than with crossed hands. The somewhat lower performance of the congenitally blind in the tactile deviant detection task reported in the present study might at ﬁrst sight seem to be at odds with previous ﬁndings of superior TOJs for tactile stimuli presented to the left and right index ﬁnger, irrespectively of hand posture (uncrossed vs. crossed) in congenitally blind
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482 B. Ro¨der et al. compared with sighted adults (Ro¨der et al., 2004). However, in contrast to the task used by Ro¨der et al., the present study utilized a speeded response and required a standard vs. deviant stimulus discrimination. Consequently, the precise temporal processing of stimuli, which appears to be superior in the blind (irrespectively of stimulus modality; Muchnik et al., 1991; Gougoux et al., 2004), was not required in the present task. Interestingly, Ho¨tting et al. (2004), who failed to observe an early ERP tactile spatial attention effect in congenitally blind adults, also failed to demonstrate similar early crossmodal (auditory–tactile) spatial attention effects in their congenitally as compared with their sighted participants. In this study, auditory and tactile stimuli were presented from a location in the left and in the right hemiﬁeld. The participants had to detect either deviant tactile or deviant auditory stimuli (in different blocks of trials) presented from either the left or the right side. Only the sighted participants showed crossmodal attention effects: the auditory N1 was enhanced when the auditory stimuli were presented at a tactually attended location as compared with when the auditory stimuli were presented at a tactually unattended location (although auditory stimuli were task irrelevant in these conditions). The same was true for the crossmodal attention effects for ERPs to tactile stimuli when auditory stimuli had to be selectively attended. Crossmodal spatial attention effects can only arise after the relevant sensory systems have accessed a frame of reference that allows for crossmodal spatial mapping. A considerable body of research from studies in both animals (e.g. Jay & Sparks, 1984) and humans (e.g. Eimer et al., 2001; Medendorp et al., 2003) suggests that the common coordinates activated in multisensory perception use an eye-centred or external frame of reference. This has been attributed to the dominate role of vision on spatial perception and on the control of action (Bolognini & Maravita, 2007). Thus, the lack of an early crossmodal attention effect in the congenitally blind, as observed by Ho¨tting et al., might indicate that an automatic remapping of sensory stimuli into external space that might allow an early match of spatial coordinates between modalities does not take place in the congenitally blind. The same process might facilitate sensory localization when modality speciﬁc and supramodal coordinates are aligned. Recently, similar advantages of using an external reference frame when the sound source and the external location of the hand had to be matched have been reported in sighted compared with congenitally blind adults (Ro¨der et al., 2007). The lower incidence of using external reference frames as default coordinate system in people blind from birth has not only been observed in simple sensory localization tasks in which body posture was manipulated but in other more complex spatial tasks as well, including pointing (Gaunet et al., 2007) and navigation (Millar, 1994; Thinus-Blanc & Gaunet, 1997). Interestingly, Thinus-Blanc & Gaunet (1997) speculated that the advantages in spatial tasks sometimes observed in late blind people might be due to their prevailing access to ‘visual’ spatial representations. Indeed, hand posture effects in tactile TOJ tasks and in auditory manual control tasks were similar in the late blind as in sighted adults. Even two late blind participants, who had been blind for 34 and 50 years, respectively, showed the same advantages of using a default external mapping of sensory stimuli in an audio-manual task as did sighted controls. ‘Visual’ coordinate systems can be organized retinotopically, occulocentrically or allocentrically. In the present study, we have not distinguished between these different coordinate systems. Given that we only used tactile stimuli, we distinguish between ‘visual’ reference frames (summarized as ‘external’ frame of reference) and coordinate systems anchored on the body surface (‘anatomical’ reference frame).



In order to distinguish between these three reference frames, it would be necessary to systematically manipulate the direction of participants’ gaze (Spence et al., 2004; Macaluso et al., 2005). Given that congenitally blind individuals are not able to control their eye movements such a manipulation is, however, only possible in studies with sighted humans (Macaluso et al., 2005). The present ﬁndings are consistent with studies in animals as well. For example, Wallace & Stein (2001) have shown that although multisensory neurons exist in monkeys immediately after birth, they acquire their adult integration capacities (supra-additive responses to bimodal events originating from the same spatial location) during the ﬁrst months of life. Interestingly, animals that have been dark reared do not show any evidence of multisensory integration based on spatial features. This was true even for tactile–auditory stimuli (Carriere et al., 2007; Wallace & Stein, 2007). It might be asked whether there is a critical or sensitive period during which visual input has to be available in order to develop a default remapping of sensory input into an external coordinate system. To answer this question, it would be necessary to test those individuals who have been blind from birth and those whose sight was restored at various different points in time during ontogeny. Patients born with congenital cataracts provide just such a model. We have recently tested the multisensory integration capacities of patients who were treated for congenital dense bilateral cataracts after the age of 5 months. Despite many years of recovery and despite sufﬁcient visual acuity, these individuals did not show similar bimodal gains, e.g. during speech perception, as did sighted controls (Putzar et al., 2007). These ﬁndings support the notion that multisensory functioning emerges during ontogeny and that visual input is essential for the development of multisensory integration capacities. However, spatial functions and the reference frames used for multisensory localization have not yet been investigated in this group. The present ﬁndings do not necessary imply that congenitally blind people perform any worse in spatial tasks in general. Indeed, congenitally blind individuals have shown equal performance in many table-top tasks testing for holistic spatial representations (such as mental rotation, image scanning), which commonly form part of intelligence tests (e.g. Kerr, 1983; Klatzky et al., 1995; Ro¨der et al., 1997; Ro¨der & Ro¨sler, 1998). Moreover, modality-speciﬁc spatial processes such as auditory localization have often been found to be enhanced in blind adults (e.g. Ro¨der et al., 1999; Voss et al., 2004). Therefore, spatial concepts develop without vision, although there might be some differences in the default properties of these representations. The more posterior distribution of the tactile attention effects in the congenitally blind as compared with the sighted participants in the present study is in accordance with a large number of studies reporting a posteriorly-shifted activation pattern in blind compared with sighted adults. It seems likely that these group differences are attributable to a reorganization of multisensory and ⁄ or predominantly visual brain structures (Bavelier & Neville, 2002; Ro¨der & Ro¨sler, 2004). The question of whether or not the observed group differences are speciﬁc to the task, e.g. whether they originate from a reorganization of visual body representations, such as the extrastriate body area (Astaﬁev et al., 2004), has to be investigated in future studies. The results of the present study clearly suggest that the blind neither experience a conﬂict between an anatomical and external frame of reference in tactile processing when these coordinate systems are misaligned nor do they gain from an automatic remapping of tactile input into a non-anatomic reference frame. Thus, the use of external coordinate systems for sensory localization does indeed seem to depend on developmental visual input.
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