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ABSTRACT 

Visuospatial neglect is a multicomponent syndrome and one dissociation reported is 

between neglect for near (peripersonal) and far (extrapersonal) space. Owing to 

patient heterogeneity and extensive lesions it is difficult to determine the precise 

neural mechanisms underlying this dissociation using clinical methodology. In this 

study transcranial magnetic stimulation was used to examine the involvement of 

three areas in the undamaged brain while participants completed a conjunction 

search task in near and far space. The brain areas investigated were right posterior 

parietal cortex (rPPC), right frontal eye field (rFEF), and right ventral occipital cortex 

(rVO), each of which has been implicated in visuospatial processing. The results 

revealed a double dissociation whereby rPPC was involved for search in near space 

only, whilst rVO only became necessary when the task was completed in far space. 

These data provide clear evidence for a dorsal and ventral dissociation between the 

processing of near and far space, which is compatible with the functional roles 

previously attributed to the two streams. For example, the involvement of the dorsal 

stream in near space reflects its role in vision for action, since it is within this spatial 

location that actions can be performed. The results also revealed that rFEF is 

involved in the processing of visual search in both near and far space, and may 

contribute to visuospatial attention and/or the control of eye-movements irrespective 

of spatial frame. We discuss our results with respect to their clear ramifications for 

clinical diagnosis and neurorehabilitation.  
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Introduction 

Visuospatial perception involves understanding the location of visual items, 

which is important for successful interaction with the environment. Some situations 

involve having to search for objects which are nearby; for example, looking for a pen 

on a desk in front of you, whilst other scenarios involve searching further afield, such 

as for a friend in a busy room. Accordingly, space is not a unitary concept. 

Peripersonal, or near space, is defined as the immediate space around the body in 

which arm and hand actions can be used (Rizzolatti et al., 1983). Extrapersonal, or 

far space, refers to that which extends beyond this and which requires walking in 

order to reach a target. Evidence from neuropsychology suggests that the perception 

of near and far space may involve separable neural processes (e.g. Berti & 

Rizzolatti, 2002). This paper investigates this issue in the undamaged brain.  

Neglect is a disorder characterized by a deficit in the ability to orient attention 

towards the contralesional (usually the left) side of space (Heilman et al., 1983). It is 

widely considered to be a multi-component syndrome (Bisiach & Vallar, 2000; 

Halligan et al., 2003; Husain & Rorden, 2003) and as such patients can experience 

impairments in visual, auditory, tactile, and motor abilities (Bisiach et al., 1984; 

Laplane & Degos, 1983; Pierson-Savage et al., 1988), as well as perceptual or 

representational space (Bisiach & Luzzatti, 1978). Furthermore, some individuals 

present with neglect which is restricted to near space (Berti & Frassinetti, 2000; 

Halligan & Marshall, 1991; Mennemeier et al., 1992), whilst others show the reverse 

pattern (Cowey et al., 1994, 1999; Vuilleumier et al., 1998). However, there are also 

patients who present with neglect in the absence of any distance modulation effects 

(Pizzamiglio et al., 1989). For a review of near and far space dissociations in neglect 

see Berti and Rizzolatti (2002).   
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Neglect is most frequently (although not exclusively) associated with lesions 

to right posterior parietal cortex (rPPC; Driver & Mattingley, 1998; Halligan et al., 

2003; Mort et al., 2003), which is one of the primary components of the frontoparietal 

network of attention (Corbetta, 1998; Corbetta & Shulman, 2002; Gitelman et al., 

1999). However, brain areas such as the superior temporal gyrus have also been 

implicated in neglect (Karnath et al., 2001, 2004). More specifically, dorsal visual 

system areas such as rPPC are associated with near space neglect (Halligan & 

Marshall, 1991; Previc, 1990). However, patients with neglect often present with 

extensive lesions and there is a high degree of lesion heterogeneity across this 

population.  Furthermore, patients may develop compensatory behaviors. 

Consequently, it can be difficult to determine precisely which brain areas are 

involved in the processing of near and far space on the basis of clinical investigation 

alone.  

In addition to rPPC being implicated in neglect, Cowey et al. (1994) reported 

that at least three out of their five patients who demonstrated greater neglect for far 

space had damage to the right frontal eye field (rFEF), an area which when ablated 

in monkeys results in attentional deficits which are more severe in far space than 

they are in near space (Rizzolatti et al., 1983). This suggests a role for rFEF in the 

processing of attention within far space. However, it is unlikely to be the sole 

contributing area for far space processing since areas within the ventral visual 

stream, such as right ventral occipital cortex (rVO), have also been identified as 

important in attention to far space (Bjoertomt et al., 2002; Vuilleumier et al., 1998; 

Weiss et al., 2000).  

A second problem with the neuropsychological work is that the majority of 

studies examining visual attention within near and far space have focused on line 

http://www3.interscience.wiley.com/cgi-bin/fulltext/119409707/main.html,ftx_abs#b2
http://www3.interscience.wiley.com/cgi-bin/fulltext/119409707/main.html,ftx_abs#b3
http://www3.interscience.wiley.com/cgi-bin/fulltext/119409707/main.html,ftx_abs#b3
http://www3.interscience.wiley.com/cgi-bin/fulltext/119409707/main.html,ftx_abs#b4
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bisection (or its variants), despite reports that it is not the most reliable clinical 

predictor of neglect (Ferber & Karnath, 2001; Halligan et al., 1989). Indeed, different 

tasks that assess visuospatial attention draw on a variety of cognitive and neural 

resources (Ellison et al., 2004) and patients with neglect can show deficits on some 

tasks (i.e. item cancellation) and not others (i.e. line bisection; Binder et al., 1992). 

Therefore, one question to consider is whether or not the dissociation between near 

and far is consistent across tasks. Vuilleumier et al.’s (1998) patient presented with 

neglect for far but not near space on six different tasks, including line bisection, 

reading, and item cancellation. However, such task consistency was not supported 

by the findings of Keller et al. (2005), whose patients presented with more severe 

neglect in far space when assessed using a line bisection task, but who did not 

demonstrate any distance effects on an item cancellation task. If a task requires a 

directional motor response (like line bisection or item cancellation tasks do) then 

perceptual and motor effects may be confounded (Bisiach et al., 1990; Bisiach, 

1993); an error could reflect an impairment in orienting visual attention towards 

contralesional space or in making movements towards such locations. Much 

research has been conducted to try and dissociate the contribution of perceptual and 

motor effects (Bisiach et al., 1990; Harvey et al., 2002a), and various tasks have 

been designed to try and overcome this confounding such as landmark and pulley 

device tasks (see Harvey, 2004 for a review). We feel that it is important to examine 

perceptual visuospatial processes using a task that does not rely on a potentially 

confounding motor response, and visual search is one such task.  

The classic visual search paradigm (Treisman & Gelade, 1980), in addition to 

not requiring a directional response, is a valid and reliable measure of visuospatial 

attention that requires naturalistic scanning behavior. Visual search tasks involve 
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bottom-up perceptual processes as well as top-down components such as target 

memory. The additional advantages that such tasks can offer include being able to 

use a wide variety of arrays, and the ability to measure both speed and accuracy. 

Consequently, visual search may be more sensitive to subtle changes in visuospatial 

attention than alternatives such as line bisection, or the purely perceptual landmark 

version of the task used by Bjoertomt et al. (2002). Given these issues and the fact 

that line bisection and visual search involve at least partly different neural processes 

(Ellison et al., 2004) it is likely that the performance of patients with neglect on line 

bisection tasks in near and far space do not necessarily predict their performance on 

visual search tasks across the two spatial domains. It is therefore important to 

examine the neural mechanisms with regard to this particular paradigm.  

Patients with neglect can show impaired performance on visual search, with 

reduced accuracy and slower responses and clear left/right asymmetries in search 

behavior (Behrmann et al., 2004; Harvey et al., 2002b). While there is some 

disagreement regarding the ability of patients with neglect to perform feature search, 

in which the target and distractors differ with respect to a single feature, there is a 

general consensus that such patients are impaired at conjunction search, whereby 

the target is defined by a combination of features (Aglioti et al., 1997; Eglin et al., 

1989; Esterman et al., 2000; Harvey et al, 2002b; Pavlovskaya et al., 2002). 

Neuroimaging studies have consistently revealed both rPPC and rFEF to be involved 

in visual search (Donner et al., 2000; 2002; Nobre et al., 2003) and transcranial 

magnetic stimulation (TMS) has demonstrated the importance of both areas in the 

control of conjunction search (Ellison et al., 2003; Lane et al., 2011a; Muggleton et 

al., 2003, 2008). However, to date this has only been investigated for near space, 

typically with the search arrays presented on a computer monitor.  
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To summarize, rPPC, rFEF, and rVO have all been implicated in the control of 

visuospatial attention to some extent, but it remains unclear how these different 

areas specifically contribute to this process. As described above the clinical results 

are inconsistent across different behavioral tasks, some paradigms fail to distinguish 

between perceptual and visuomotor problems and the reliance on clinical studies 

means that the critical brain areas cannot always be identified. The aim of the 

present study was therefore to examine the involvement of the three brain areas 

using the same behavioral paradigm, namely visual search, for stimuli presented in 

near and far space. This was achieved by using TMS to briefly disrupt underlying 

cortex, thereby allowing the necessary involvement of these brain regions to be 

assessed in a controlled manner. While the involvement of rPPC and rFEF has 

previously been demonstrated for near visual search (Ellison et al., 2003; Muggleton 

et al., 2003; 2008), this study extends previous work by investigating whether 

processing differences emerge between the two areas when this task is performed in 

far space. Given that rFEF has been associated with attention processing in far 

space (Rizzolatti et al., 1983) it is possible that TMS may also impair performance in 

the far space condition. The specific involvement of rVO in visual search has not 

previously been examined. As rVO is an area in the ventral stream, evaluating the 

effect of TMS to this area allows us to investigate the proposal that the ventral visual 

stream is selectively concerned with attentional processes involving far space 

(Previc, 1990).  

 

Materials and methods 

Participants 
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36 neurologically healthy participants (16 males and 20 females) aged 

between 18 and 52 years (median: 26 years) participated. All had normal or 

corrected-to-normal vision. They gave their signed informed consent in accordance 

with the Declaration of Helsinki and with the approval of Durham University Ethics 

Advisory Committee, and could withdraw at any point. Participant selection complied 

with the current guidelines for repetitive TMS research (Rossi et al., 2009). Each of 

the three experimental conditions (in which TMS was delivered to a different 

stimulation site) was carried out by 12 participants. Stimulation site was chosen as a 

between-subjects variable in order to reduce the effects of practice. The participants 

in the different groups did not differ significantly with regards to sex (2(2, N = 36) = 

0.90, p = .638), with six males and six females in both the rFEF and rVO groups, and 

four males and eight females in the rPPC group. The mean age of the participants 

was 25 years (SD = 4) for the rPPC group, 32 years (SD = 11) for the rFEF group, 

and 32 years (SD = 8) for the rVO group. There was no significant difference in the 

age of participants across the three groups (F(2, 33) = 1.65, p = .207). 

 

Stimuli and Procedure 

The task involved participants deciding as quickly and accurately as possible 

whether the target stimulus was present in the search array (Figure 1). E-Prime 

(Psychology Software Tools Inc., Pittsburgh, PA, USA) was used to program the 

visual search displays and to remotely trigger the TMS. Participants were instructed 

to fixate a white central cross (0.5° x 0.5° of visual angle) which was presented for 

500 ms at the start of each trial. This was followed immediately by the presentation 

of the search array, which remained present until the participant made a button-

press response. Participants were asked to respond with their right hand, which was 
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ipsilateral to the stimulation sites, using their index and middle fingers for the two 

choices (present and absent respectively). The inter-trial interval was 4000 ms, 

during which time a blank black screen was presented.  

The search array consisted of ten items: nine distractors plus the target 

(target-present condition) or ten distractors (target-absent condition). The display 

area, which subtended approximately 32° x 20° of visual angle, comprised a 10 x 6 

virtual grid. Each item (target and distractors) was ~2.5° of visual angle in length and 

the items were presented at random locations within the virtual grid. It was only 

possible for each position to be occupied by one item in order to prevent overlap. 

The target was a green backward-slash (\) and the distractors were green forward-

slashes (/) and red backward-slashes. All stimuli were presented against a black 

background and matched for photometric luminance within and between items 

across the display. The target was present in 50% of the trials and there was never 

more than one target. On each trial the search items were equally distributed across 

the two hemifields, with the target appearing in each hemifield equally often. 

Participants were free to move their eyes whilst searching.  

The search task was completed under two conditions of distance: near and 

far. In the near condition the search arrays were presented on a CRT computer 

monitor with a 75Hz refresh rate, which was positioned approximately 57 cm away 

from where the participants were seated. In the far condition the stimuli were 

presented onto a blank white screen using a Epson EMP-74 projector, and the 

participants were seated approximately 172 cm from the display. The displays in 

both conditions subtended the same visual angle to ensure that their retinal size was 

identical irrespective of viewing distance. In each condition the participant’s head 

and trunk sagittal midline was aligned with the centre of the display. Participants 
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were encouraged to remain as still as possible in order to maintain a stable viewing 

distance.  

There were three conditions for TMS site: TMS was applied to rFEF, rPPC or 

rVO. Participants completed one site condition each in order to minimize the effect of 

practice. Each participant completed eight blocks of trials, with 40 trials per block; 20 

target-present and 20 target-absent. These eight blocks included four blocks of trials 

in the near condition and four in the far condition, half of which were completed with 

TMS and the other half with sham-TMS. The TMS and sham-TMS blocks were 

interleaved, with half of the participants starting with TMS. The testing session for 

each individual lasted no longer than 1.5 hours.   

A pilot study (n = 6) was conducted in which the visual search task was 

performed at the two distances (near and far), and with three different set-sizes (4, 8, 

and 12 items). This allowed the slope of the response time function over the display 

size to be calculated (RT slope), which can be used as a measure of the involvement 

of attention. According to the Feature Integration Theory (Treisman & Gelade, 1980), 

search is defined as parallel when the RT slope is shallow (<10 ms/item), which 

indicates that the number of distractors have a minimal effect on target 

identification/localization. Parallel search is therefore considered to be conducted in 

a pre-attentive manner. Conversely, in serial search the response time increases 

with the number of distractors resulting in search rates > 10 ms/item. Treisman and 

Gelade suggested that as identifying a target in a conjunction search requires 

combining different visual features, an attentional process must be performed for 

each item sequentially until the target is located. The pilot data confirmed that the 

task was always performed in a serial manner (the mean search functions were 

28.36 ms/item (SD = 17.64) for near and 29.86 ms/item (SD = 16.33) for far space). 
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Importantly, the search rates in near and far space were not significantly different (t(5) 

= -0.53, p = .620), indicating comparable attentional demands in each condition.  

 

<Insert Figure 1> 

 

Transcranial Magnetic Stimulation and Site Localization 

Five pulses of TMS were delivered at 10Hz to either rPPC, rFEF or rVO at 

visual array onset using a Magstim™ Rapid (Magstim, Whitland, Carmarthenshire, 

UK) at 65% of the maximum machine output (i.e. 1.3T). TMS was applied over one 

area of interest (rPPC, rFEF or rVO; Figure 2). Each participant’s skull was co-

registered with their own MRI brain scan using BrainSight frameless stereotaxic 

software (Rogue Research, Montreal, Quebec, Canada) to confirm the anatomical 

locus of the stimulation. The rFEF site was located anatomically and was determined 

as the intersection of the precentral and superior frontal sulci, a location that has 

repeatedly been used with TMS and confirmed as a functional locus (Paus, 1996; Ro 

et al., 1999; Grosbras & Paus, 2002). The rVO site was determined using the 

averaged scalp co-ordinates reported by Bjoertomt et al. (2002), who also used this 

same site to examine near and far space processing. They stated that for an inion-

nasion distance of 35 cm, VO is located 1.5 cm dorsal and 2.25 cm lateral to the 

inion. As the parietal region is large, and the precise locus of involvement varies 

across subjects, in the case of rPPC we used a method of localization that examined 

functional effects (see Sack et al., 2009 for a discussion of the relative merits of 

localization methodologies). The rPPC sites were then verified using frameless 

stereotaxy.  We therefore functionally localized this site using the conjunction search 

hunting procedure first described by Ashbridge et al. (1997). This meant that the 
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area of cortex stimulated was the region within rPPC that was specifically involved in 

the processing of conjunction search, which was the experimental task. Briefly, the 

procedure involved 10 trials of TMS being given to each site in a 3 x 3 matrix, with 

each adjacent point 1 cm apart. The central point was located 9 cm dorsal to the 

mastoid inion and 6 cm lateral. The selected site was the one which demonstrated 

an approximate 100 ms increase in response time (RT) relative to no-TMS trials. The 

anatomical location of this site was confirmed as being consistently located in the 

angular gyrus using BrainSight™. For each brain area, once the site was established 

the position was recorded and marked with a sticker on a tightly fitting lycra 

swimming-cap.  

 

<Insert Figure 2> 

 

For rPPC stimulation a 70 mm figure-of-eight coil was placed tangential to the 

skull, with the handle pointing backwards, parallel to the mid-sagittal plane. A 50 mm 

figure-of-eight branding iron coil was used to stimulate rFEF and rVO, and angle / 

orientation of the coil was adjusted for each individual in order to prevent any 

unwanted peripheral nerve stimulation or eye-blinks. The coil was held in place by 

the experimenter. In the sham-TMS blocks a discharging coil was placed in close 

proximity to the participant whilst an inactive coil was positioned over the relevant 

site. Therefore, the subjective sensation of coil position and auditory effects were 

comparable to those experienced in the TMS blocks, but no stimulation was 

delivered.  

 

Statistical analyses 
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The mean target-present response time (RT) was subjected to a 2 (Distance: 

near vs. far) x 2 (TMS: TMS vs. sham-TMS) x 3 (Site: rPPC, rFEF and rVO) mixed-

design ANOVA, with stimulation site as the between-subjects factor. To further 

examine the interaction effects revealed by this ANOVA, 2 (Distance) x 2 (TMS) 

ANOVAs were conducted for each site separately and paired-samples t-tests were 

then performed as appropriate. These t-tests were adjusted for multiple comparisons 

using a Bonferroni correction, resulting in a corrected alpha-level of 0.025.  

 

Results 

Analysis was only concerned with RT for the target present trials, where the 

decision to respond is initiated by locating the target. Target absent trials involve an 

added cognitive and neurological component related to the decision to terminate the 

search (Van Zandt & Townsend, 1993). Therefore, in order to examine the 

involvement of our regions of interest in the response to targets, uncomplicated by 

extra substrates (see Ashbridge et al., 1997), only target present responses were 

analyzed. Incorrect responses accounted for less than 5% of the data (mean 

accuracy was 95.11%), and these trials were removed from the RT analyses. 

Preliminary analyses revealed no significant interaction effects between the TMS 

and target location (hemifield) and the data were therefore combined across the two 

sides of target presentation in order to increase statistical power. Friedman tests 

were performed on the accuracy data for each of the conditions and no significant 

effects were found (p > .322). Consequently, any effects for RT were not associated 

with a speed-accuracy trade-off. 

The initial 2 x 2 x (3) mixed-design ANOVA revealed a significant main effect 

of TMS (F(1, 33) = 21.03, p < .001) such that RT was increased in the TMS condition 
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relative to sham-TMS. The three-way interaction effect between the within-subjects 

variables of Distance and TMS and the between-subjects variable Site was also 

significant (F(2, 33) = 6.87, p = .003). This indicates that the effect of TMS on 

performance when the task is completed at different viewing distances is modulated 

by the site of the stimulation. Further analyses are reported below which examine 

this interaction. All other main effects and interactions revealed by this ANOVA were 

non-significant (p > .068). Importantly, the main between-subjects effect of Site was 

non-significant (F(2, 33) = 0.12, p = .890), thus showing that the performance of 

participants across the groups was not significantly different. 

  

rPPC:  

The results of the 2 x 2 repeated-measures ANOVA revealed that the main 

effect of Distance was non-significant (F(1, 11) = 3.15, p = .104); performance was 

comparable across the two distances. However, there was a significant main effect 

of TMS (F(1, 11) = 7.10, p = .022): mean RT was significantly greater in the TMS 

condition relative to the sham-TMS condition (Figure 3a). Of particular importance is 

the finding that the interaction between the variables Distance and TMS was 

significant (F(1, 11) = 5.98, p = .033). A significant increase in mean RT with TMS (M = 

934.56, SD = 40.11) relative to sham-TMS (M = 870.96, SD = 35.26) was found for 

the near space condition  (t(11) = -3.43, p = .006). When the task was performed in far 

space there was no significant difference in mean RT between the TMS (M = 887.61, 

SD = 38.72) and sham-TMS conditions (M = 870.83, SD = 34.72; t(11) = -0.98, p = 

.350).  

 

rFEF: 
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The results of the 2 x 2 ANOVA showed that there was no significant main 

effect of Distance (F(1, 11) = 0.73, p = .411): RT was not different when the task was 

completed in both near and far space. The main effect of TMS was however 

significant (F(1, 11) = 10.63, p = .008), with the mean RT being longer in the TMS 

relative to the sham-TMS condition (Figure 3b). The interaction effect between 

distance and TMS was not significant (F(1, 11)= 0.03, p = .871), indicating that the 

disruptive effect of the TMS on performance was comparable in both conditions of 

distance (see Figure 3b). The mean RT for the TMS condition (M = 895.11, SD = 

51.43) was significantly greater than in the sham-TMS condition (M = 810.60, SD = 

46.92) for near space (t(11) = -3.008, p = .012). Similarly, mean RT was also 

significantly increased in the TMS condition (M = 910.32, SD = 65.34) relative to the 

sham-TMS condition (M = 828.24, SD = 57.51) for far space (t(11) = -3.292, p = .007).  

 

rVO: 

The 2 x 2 repeated-measures ANOVA for the stimulation site of rVO revealed 

non-significant main effects of both Distance (F(1, 11) = 0.05, p = .835) and TMS (F(1, 

11) = 3.81, p = .077). There was however a significant interaction effect between 

Distance and TMS (F(1, 11) = 7.77, p = .018). Further investigation revealed that the 

difference in RT between the sham-TMS (M = 877.25, SD = 130.34) and TMS 

conditions (M = 881.89, SD = 152.75) was not significant for near space (t(11) = -0.31, 

p = .766), whereas in far space TMS (M = 897.47, SD = 156.22) significantly 

increased mean RT relative to sham-TMS (M = 857.39, SD = 139.80; t(11) = -3.79, p 

= .003; Figure 3c).  

 

<Insert Figure 3> 
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Discussion 

Our aim was to investigate if there are separate neural processes for near 

(peripersonal) space and for far (extrapersonal) space. TMS was used to examine 

the involvement of three different brain areas (rPPC, rFEF, and rVO) in the 

processing of a conjunction visual search task when it was presented in both near 

and far space. The observation that rFEF is involved in near space conjunction 

visual search is in accordance with previous neuroimaging (Donner et al., 2000, 

2002) and TMS studies (Ellison et al., 2003; Muggleton et al., 2003, 2008). Our 

finding that this involvement in search processing in neurologically healthy 

participants extends to cover far space is novel. It does however support previous 

research which reported on the basis of surgical ablations in monkeys that rFEF was 

necessary for orientation within far space (Rizzolatti et al., 1983). The results here 

furthermore revealed a double dissociation between rPPC and rVO: rPPC was 

specifically involved in visual search presented in near but not far space, whilst 

disrupting the processing of rVO with TMS impaired performance only in the far 

condition. These findings provide confirmatory evidence for the dissociation between 

the dorsal and ventral visual systems, such that the former is involved in processing 

attention for near space with the latter processing far space (Bjoertomt et al., 2002; 

Previc, 1990; Vuilleumier et al., 1998; Weiss et al., 2000).  

To our knowledge, this is the first study demonstrating the important 

involvement of rVO in conjunction visual search in far space, and also that the 

involvement of rPPC to visual search is limited to near space. Previous research has 

primarily focused on the role of different brain areas in near and far space with 

regards to line bisection tasks; for example, a neuroimaging study revealed 
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increased activation within rVO (alongside other areas that form the ventral visual 

stream) for far space line bisection (Weiss et al., 2000). Furthermore, Bjoertomt et al. 

(2002) examined the involvement of both rVO and rPPC (amongst other brain areas) 

in perceptual line bisection (i.e. a form of landmark task) and reported that in 

neurologically healthy participants TMS over rPPC induced a rightward shift in the 

perceived midpoint of a line in near space, whilst TMS over rVO induced this effect 

for far space judgments. The present findings confirm this same dorsal/ventral 

dissociation for a conjunction search task. In contrast to tasks involving directional 

response indicators, in the present study TMS affected reaction times to targets with 

non-directional response indicators appearing in the left and right hemifields equally, 

an issue previously investigated by Schindler et al. (2008). 

It is the potential ability that the viewer has to interact with their environment 

that distinguishes near and far space; viewers can only directly act upon items that 

are presented within near space. Since the dorsal visual system has been attributed 

the role of perception for action (Goodale & Milner, 1992; Milner & Goodale, 1995) it 

might seem logical to assume that this stream has a preference for processing near 

actionable space. The results not only confirm the role of rPPC in visual search in 

near space (Ellison et al., 2003; Muggleton et al., 2008) but also show that rPPC is 

not involved in the same task when the stimuli are beyond arm’s reach. The findings 

are also in accordance with electrophysiological research that has revealed 

activation within the parietal cortex of monkeys in response to stimuli that are close 

to the monkey, but not when they are more than one meter away (Leinonen et al., 

1979).  

One proposed role for rPPC is in the coding and processing of visuospatial 

attention (Driver & Vuilleumier, 2001). Previously we demonstrated a significant 
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involvement of rPPC in feature search only when an explicit motor response was 

required (Lane et al., 2011b), suggesting that this area is necessary for resolving 

spatial ambiguity to enable successful interaction with the environment. Here we find 

that the same brain area is necessary for purely perceptual conjunction search, 

meaning that there are no explicit or directional motor demands that would have 

otherwise explained the involvement of rPPC. Our finding that the involvement of 

rPPC within near space is not dependent upon any motor components is in line with 

previous reports (Pitzalis et al., 2001; Vuilleumier et al., 1998; Weiss et al., 2003). It 

appears that the role of rPPC is in the orienting of visuospatial attention within 

actionable space, even if motor action is not required.  

The ventral visual stream is associated with recognition and the 

representation of objects and scenes (Goodale & Milner, 1992; Milner & Goodale, 

1995). As the present study shows, rVO has a preference for processing far space 

information (see also Bjoertomt et al., 2002; Weiss et al., 2000). Ventral stream 

areas may be more important for far space where people are more reliant on the 

visual modality for recognition, since tactile cues are not available to assist with this 

process. However, the visual search task used was solely perceptual, meaning not 

only were motor responses not required but there was no tactile or proprioceptive 

feedback either, this therefore cannot account for the differences seen between the 

dorsal and ventral streams in near and far space.  

Importantly we controlled for viewing angle across the near and far conditions 

in this study; the items always subtended the same visual angle and thus effects 

could be compared across each condition. This thereby avoided problems which 

made the interpretation of some past studies more difficult (Butler et al., 2004, 2009). 

By controlling for viewing angle we can exclude the possibility that the near-far 
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dissociations between rPPC and rVO are caused by differences in target salience, 

search area, or item density for example, factors that can influence search 

performance in both healthy individuals and those with hemispatial neglect (Drury & 

Clement, 1978; Eglin et al., 1994). Similarly, matching visual angle meant that the 

search arrays extended into the upper and lower portions of the visual field to an 

equivalent extent in both conditions, and thus the upper field bias previously reported 

for visual search (Previc, 1996; Previc & Blume, 1993) should not have influenced 

the results.  

Since the viewing angle was the same in both the near and far space 

conditions, the same saccade metrics would be required to search the array and 

locate the target in both. This could explain why rFEF appears to be equally involved 

for near and far space. Previous studies utilizing TMS have demonstrated that it is 

possible to interfere with the preparation of eye-movements by stimulating rFEF 

(Müriet al., 1991; Thickbroom et al., 1996). Since rFEF is involved in the production 

of saccades, a process which can (although does not have to) dissociate from the 

process of shifting attention (Juan et al., 2004, 2008; Schall, 2004; Wardak et al., 

2006), it is possible that the TMS interfered with the production of searching eye-

movements or the saccadic localization of the target that might precede identification 

in visual search regardless of viewing distance.  

An alternative explanation for the role of rFEF in visual search is that it is 

involved in controlling spatial attention (Grosbras & Paus, 2002; Smith et al., 2005; 

Szczepanski et al., 2010). Related to this explanation is the possibility that rFEF is 

necessary for computing the salience of items within the search array (Thompson & 

Bichot, 2005), which may be crucial for target selection. The results presented here 

suggest that perhaps rFEF’s salience map does not distinguish near and far. Juan 
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and colleagues (2008) reported early and late stages of FEF involvement, with visual 

selection preceding saccade preparation. In this study a relatively long TMS duration 

was used (500 ms), and therefore it is possible that stimulation disrupted both 

aspects: visual selection and saccade production.  

However, while one cannot conclusively exclude the possibility that the effects 

of TMS over rFEF were due to eye-blinks, the risk that this had a functional effect is 

miniscule.  Recent research using high-speed video recording has revealed that 

stimulation over the occipital pole can induce blinking and full covering of the pupil by 

the eyelids without participant awareness of this (Corthout et al., 2011). Such effects 

have not been directly reported with rFEF, and furthermore Corthout and colleagues 

used much higher stimulation intensity (1.8 – 2T) as compared to this study (1.3T). 

Despite this, the stimulation used could be sufficient to induce eye-blinks that may 

then interfere with the task performance, and would have an effect across both 

distance conditions. We did attempt to prevent this however: the orientation of the 

coil was adjusted on an individual basis in order to minimize unwanted peripheral 

nerve stimulation or blinking. Also, none of the participants reported experiencing 

any such effects, although neither did the participants in the Corthout et al. (2011) 

study and so we are aware that this does not negate the possibility of blinking 

occurring to some extent. Since we did not monitor this behavior explicitly, it is 

possible that minor facial twitching, including small eye-blinks, could have influenced 

the results to a minor degree.  

Both rPPC and rFEF have been connected with orienting of attention, as 

discussed above, yet the two areas dissociate with regard to their involvement in far 

space processing. This could be associated with how the spatial information 

processed is used to guide interaction with the visual environment. The two brain 
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regions may act as attention orienting systems that contribute to different motor 

control systems: upper limb and eye respectively (Sakata & Kusunoki, 1992). Whilst 

arm or hand movements can only be utilized in near space, there is no limit to the 

space in which eye-movements are useful.  

Our results highlight the importance of considering space when both 

interpreting experimental data and conducting patient assessments. Research 

examining visual perception is frequently conducted using tasks in near space, but 

this may not reveal the full extent of the neural mechanisms involved in such 

processing. Similarly, clinicians may fail to identify patients with visuospatial deficits if 

performance is not routinely assessed for both near and far space, or may fail to 

appreciate if a patient presents with such a dissociation. Clearly it is important to 

recognize the particular deficits that a patient has in order to tailor their rehabilitation.  

With regards to future rehabilitation it may be possible to identify novel means 

of compensation utilizing the intact pathways responsible for near or far space 

processing for a particular task; for example, by manipulating the boundaries of near 

and far space. There is evidence that the boundary between near and far space is 

flexible. If the reach of a patient is extended by getting them to hold a tool (i.e. a 

stick), then this can introduce spatial deficits into far space situations which are 

otherwise restricted to the near space condition when a tool that does not physically 

extend reach (i.e. a light pen) is used to point (Berti & Frassinetti, 2000; Maravita et 

al., 2001). Such findings that tool use can affect perceptual judgments have also 

been observed in neurologically healthy individuals (Longo & Lourenco, 2006). 

Furthermore, adding weights to the arms of participants during pointing can ‘shrink’ 

their near space perception (Lourenco & Longo, 2009). Keller et al. (2005) observed 

that the extent of patients’ neglect was not only influenced by the space the task was 
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performed in (near or far) but also by the frame of reference required, namely 

allocentric or egocentric. Patients were more impaired on a line bisection task when 

it was performed in far space compared to when it was completed in near space. 

However, this distance dissociation was not observed in an item cancellation task: 

their performance was equally poor in both spatial domains. Keller and colleagues 

proposed that the two tasks rely on different frames of reference. It could be argued 

that line bisection requires an allocentric frame of reference (that is, judgments are 

made relative to another item in the visual array, namely the two halves of the line) 

while the cancellation task requires egocentric processing since the location of the 

items to be crossed out are coded relative to the observer (Burgess et al., 2004; 

Rains, 2002). This suggests that if the cancellation task was to require allocentric 

instead of egocentric processing that the patients’ deficits may be reduced for this 

task in near space.  

These studies indicate that space can be instantly remapped according to the 

use of additional sources of information. Therefore, perhaps redefining space would 

be beneficial for understanding the neural processes underlying perception: rather 

than considering near/far space, space could be defined according to the action 

possibilities. Likewise, the proposal that vision for perception relies on allocentric 

coding and vision for action relies on egocentric coding (Galati et al., 2000; Milner 

and Goodale, 1995; 2006) means that the frame of reference that a particular task 

requires should also be taken into account. This is in line with the evidence 

suggesting that both visual streams are capable of processing attention relating to 

near and far space, with the systems being biased by the current potential for 

interaction.  
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It is likely that there are many more brain areas involved in the control of 

visuospatial attention within near and far space than rFEF, rPPC, and rVO. 

Numerous other areas have been associated with attention and neglect, including, 

amongst others, the right superior temporal gyrus (Karnath et al., 2001, 2004), right 

temporal-parietal junction (TPJ; Corbetta et al., 2005), and right ventral frontal cortex 

(VFC; Corbetta et al., 2005; Rengachary et al., 2011). It would be worthwhile 

examining the involvement of these additional areas in visuospatial attention in near 

and far space in future research, and we are aware that researchers in other 

laboratories are currently investigating the role of areas such as VFC and TPJ in 

spatial processing. Given the possible role for right VFC in mediating dorsal-ventral 

interactions (He et al., 2007; Rengachary et al., 2011) then this area would be of 

particular interest to investigate with regards to the issue of near and far space. 

 

Conclusion 

In conclusion, our findings demonstrate that different brain regions are 

responsible for the processing of a classic conjunction visual search task when it is 

performed in near and far space. One area, rPPC, was preferentially involved in 

directing visual attention within near space, whilst conversely rVO was important for 

the far space condition only. The double dissociation between rPPC and rVO is in 

accordance with previous data suggesting a dorsal/near and ventral/far dissociation, 

and the current findings extend this idea to the processing of conjunction search. 

The two visual streams are capable of processing visuospatial attention, but there 

appears to be a bias depending on whether or not stimuli are presented within 

actionable space. A further area examined, rFEF, lacked such specificity, being 

involved in the task regardless of distance. This area is important for the 
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performance of conjunction search, and may play a role in either the orientation of 

attention or the control of saccades.  
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FIGURE  

 

Figure 1. Diagram depicting the trial progression. A central fixation cross was 

presented for 500 ms, followed immediately by the ten item search array. The target 

was a green \, and the distractors were red \ and green /. This array remained 

present until the participant responded with a button-press (Present or Absent), 

which could be at any time after display onset. TMS was delivered at 10Hz for 500 

ms from the beginning of array onset.  
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Figure 2. Diagram showing the averaged location of each of the stimulated sites: 

rPPC (MNI co-ordinates: x = 30, y = -70, z = 28 mm), rFEF (x = -493, y = 183, z = -

34 mm) and rVO (x = 28, y = -95, z = 5 mm). The position was verified using each 

participants’ MRI scan co-registered to their skull co-ordinates using BrainSightTM 

software.  
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Figure 3.  Graphs showing the mean RT (in ms) for each condition of TMS and 

Distance. There are different graphs for each of the three stimulation sites: rPPC 

(3A), rFEF (3B) and rVO (3C). Error bars represent the SEM across participants and 

an asterisk indicates a significant difference (p < 0.025).  
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