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The posterior parietal cortex processes visuo-spatial and extra-retinal information for saccadic remapping: a case study
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 Lesion of the right PPC led to an improper localization of visual stimuli in the contralateral visual hemifield  Deficits were characterized first by an improper computation of the to-be-localized stimulus position under gaze fixation  Additional transsaccadic deficits emerged when the task further required extra-retinal saccadic signals  Trans-saccadic deficits are consistent with an underestimation of saccade size predicted from extra-retinal signals Abstract Optimally collecting information and controlling behaviour require that we constantly scan our visual environment through eye movements. How the dynamic interaction between shortlived retinal images and extra-retinal signals of eye motion results in our subjective experience of visual stability remains a major issue in Cognitive Neuroscience. The present study aimed to assess and determine the nature of the contribution of the posterior parietal cortex (PPC) to the saccadic remapping mechanisms which contribute to such perceptual visual constancy. Perceptual responses in transsaccadic visual localization tasks were measured in a patient presenting with a PPC lesion and manifesting optic ataxia in the left hemifield with no neglect. Two perceptual localization tasks, each with versus without an intervening saccade, were used: the saccadic suppression of displacement (SSD) task (Ostendorf, Liebermann & Ploner, 2010) and the peri-saccadic flash localization (LOC) task (Zimmermann & Lappe, 2010). Compared to a group of age-matched healthy subjects, the patient showed a specific pattern of perceptual deficits in the ataxic (left) hemifield. First, a significant impairment occurred in the stationary eye conditions, attesting for an alteration of visuo-spatial encoding. Second, in the saccade conditions, an additional perceptual deficit (an error of ~5° along the saccade direction) was observed in both tasks and mainly in conditions where extra-retinal signals are thought to be critically involved, revealing a constant underestimation by extra-retinal signals of the saccade size, despite preserved saccade accuracy. These findings highlight a crucial role of the PPC in saccadic remapping processes underlying perceptual visual constancy and provide empirical evidence for models such as Ziesche and Hamker's (2014).

INTRODUCTION

Sensing and interacting with our environment is one of the main brain functions. In primates the visuo-oculomotor system critically contributes to this function. A long-standing question for philosophers, psychologists and neurophysiologists is how can a subjective experience of stability of our visual environment emerge from ever-changing retinal images due to our own saccadic eye movements. This question translates into how retinal images from successive gaze fixations are integrated with signals related to the corresponding saccadic eye movements to achieve adequate visual perception. A long-held view is that such 'transsaccadic remapping' of visual information mainly involves extra-retinal signals derived from oculomotor commands ('efference copy': Von Holst & Mittelstaedt, 1950, or 'corollary discharge': [START_REF] Sperry | Neural basis of the spontaneous optokinetic response produced by visual inversion[END_REF], with some secondary contribution of more sluggish proprioceptive signals sensing the actual ocular motion and position. Corollary discharge is thought to predictively encode the saccadic eye displacement and to interact with visual centers so as to cancel visual perturbation related both to the fast motion of retinal images during the saccade ('saccadic suppression') and to the retinal shift between the pre-saccadic and the postsaccadic images ('saccadic remapping'). In support of saccadic remapping, numerous behavioural studies (reviewed in [START_REF] Sommer | Brain Circuits for the Internal Monitoring of Movements[END_REF][START_REF] Wurtz | Neuronal mechanisms of visual stability[END_REF] [START_REF] Goldberg | Primate frontal eye fields. III. Maintenance of a spatially accurate saccade signal[END_REF] or perceptual localization judgments [START_REF] Deubel | Postsaccadic target blanking prevents saccadic suppression of image displacement[END_REF][START_REF] Zimmerman | Motor signals in visual localization[END_REF], have demonstrated our ability to accurately localize spatial locations presented in temporal vicinity of a saccade. The objective of the current study is to better understand the crucial roles of the posterior parietal cortex (PPC) in the processing and maintenance of visuo-spatial information across saccades in humans.

Converging evidence (reviewed in [START_REF] Rao | Circuits for presaccadic visual remapping[END_REF] has suggested that saccadic remapping involves a widely distributed neural system, involving the fronto-parietal eye fields (FEF, PEF) as well as several areas in the occipito-temporal visual cortex and, subcortically, the thalamus and superior colliculus (SC). In the monkey, the pre-saccadic shift of receptive fields, initially discovered in the lateral intraparietal area (LIP, Duhamel, Colby & Goldberg, 1992a), has then been found in the FEF [START_REF] Umeno | Spatial Processing in the Monkey Frontal Eye Field. I. Predictive Visual Responses[END_REF], SC (Walker, Fitzgibbon & Goldberg, 1995; Churan, Guitton & Pack, 2012) and early visual cortical areas : V2, V3, V3a [START_REF] Nakamura | Updating of the visual representation in monkey striate and extrastriate cortex during saccades[END_REF] and V4 [START_REF] Tolias | Eye Movements Modulate Visual Receptive Fields of V4 Neurons[END_REF]. That such anticipatory shift of receptive fields could contribute to the saccadic remapping phenomenon has been supported by the observations that both such neural and behavioural phenomena are impaired when the SC-FEF pathway is altered through pharmacological inactivation of the mediodorsal (MD) thalamic nucleus [START_REF] Sommer | A Pathway in Primate Brain for Internal Monitoring of Movements[END_REF][START_REF] Sommer | Brain Circuits for the Internal Monitoring of Movements[END_REF][START_REF] Cavanaugh | Saccadic Corollary Discharge Underlies Stable Visual Perception[END_REF]. These observations in the monkey also pointed out that this subcortical-cortical pathway could convey a corollary discharge signal. In humans, studies testing the effect of cerebral lesions in patients or of cortical perturbation through neurostimulation in healthy subjects globally confirmed the saccadic remapping network delineated in monkey.

Indeed, impaired behavioural responses (motor or perceptual) in trans-saccadic localization tasks were observed in patients with a lesion affecting the MD thalamic nucleus (Gaymard, Rivaud & Pierrot-Deseilligny, 1994; Bellebaum, Daum, Koch, Schwarz & Hoffmann, 2005a; [START_REF] Ostendorf | Human thalamus contributes to perceptual stability across eye movements[END_REF][START_REF] Ostendorf | A role of the human thalamus in predicting the perceptual consequences of eye movements[END_REF], the fronto-parietal cortex (Duhamel, Goldberg, Fitzgibbon, Sirigu & Grafman, 1992b) or the PPC (Heide, Blankenburg, Zimmermann & Kömpf, 1995; [START_REF] Khan | Parietal Damage Dissociates Saccade Planning from Presaccadic Perceptual Facilitation[END_REF][START_REF] Pisella | Right-hemispheric dominance for visual remapping in humans[END_REF]. Similar impairments were also reported in healthy subjects when neurostimulation is applied through TMS over the FEF (Ostendorf, More specifically, models of visuo-spatial localization across saccades have suggested that the PPC could play an important role in integrating visual and extra-retinal information in these remapping tasks (Ziesche & Hamker, 2011, 2014;[START_REF] Ziesche | Pre-and post-saccadic stimulus timing in saccadic suppression of displacement -A computational model[END_REF]. Therefore, the PPC would be the core of the network involved in saccadic remapping.

However, several questions remain as to the exact role of the PPC. First, Rath-Wilson and Guitton (2015a) showed largely intact efference copy functioning in parietal patients by changing the temporal sequence and duration of the two visual targets. This highlighted that the initial target location encoding process should be disentangled from the subsequent saccadic remapping process. Second, most of the causal evidence come from the effects of PPC perturbation in humans on motor manifestation of saccadic remapping such as in the Therefore, the main aim of the current study was to assess the role of the PPC in saccadic remapping, and to distinguish the PPC contribution in spatial visual processing from that in extra-retinal signals processing. We had the opportunity to test a patient who manifested optic ataxia in his left hemifield without sign of neglect, in two perceptual localization tasks performed with versus without an intervening saccade. We used the SSD task [START_REF] Ostendorf | Human thalamus contributes to perceptual stability across eye movements[END_REF] and the peri-saccadic flash localization task (Zimmermann & Lappe, 2010), each one tested in the classic saccade condition and adapted in a baseline eye stationary condition.

Importantly, in the literature, the SSD task is commonly divided in two versions ('GAP' and 'STEP') which are compared to test the ocular extra-retinal signals integrity [START_REF] Deubel | Postsaccadic target blanking prevents saccadic suppression of image displacement[END_REF][START_REF] Ostendorf | Human thalamus contributes to perceptual stability across eye movements[END_REF]. Indeed, previous studies in healthy subjects showed that intrasaccadic target jumps are more easily detectable when a gap of 250 ms breaks the 

METHODS

In this section, we report how we determined our sample size, all data exclusions, all inclusion/exclusion criteria, whether inclusion/exclusion criteria were established prior to data analysis, all manipulations, and all measures in the study.

Participants

Patient CF suffered in 2003 from a cerebral angeitis initially presenting with headache without fever. One week later, the patient was moderately confused with Balint's syndrome in absence of any purely motor, somatosensory or visual deficits (good visual acuity and binocular vision, no visual field defect, good object recognition and color perception).

Cerebral angiography then showed vasospasm in the left middle cerebral artery territory and in the right posterior cerebral artery territory. MRI scans (figure 1) showed a posterior watershed infarct (ischemic lesion of junctional territories) resulting in distributed and asymmetrical bilateral lesions of the occipito-parietal region with a minute extension to the centrum semiovale (Brodmann's areas (BA) 18, 19, 7, 5, and 2). None of the laboratory studies provided a clear etiology either in terms of inflammatory or autoimmune disease.

During the following months, simultanagnosia and neglect rapidly disappeared leaving the patient with a stable and isolated optic ataxia in his left visual hemifield without expression of right-sided symptoms (e.g. Khan et al., 2005a[START_REF] Khan | Parietal Damage Dissociates Saccade Planning from Presaccadic Perceptual Facilitation[END_REF][START_REF] Khan | Causal evidence for posterior parietal cortex involvement in visual-to-motor transformations of reach targets[END_REF][START_REF] Blangero | A hand and a field effect in on-line motor control in unilateral optic ataxia[END_REF][START_REF] Granek | The Role of the Caudal Superior Parietal Lobule in Updating Hand Location in Peripheral Vision: Further Evidence from Optic Ataxia[END_REF], thought to be the consequence of both larger damage of BA 7 in the right hemisphere and full sparing of the intraparietal sulcus (IPS) in the left hemisphere (see Figure 1). At the time of testing (April 2018), patient CF was 41 years old and left unilateral optic ataxia was the sole persistent deficit. Four healthy subjects (37.5 ± 4.12 years, one female) with normal or corrected-to-normal vision and no known neurological disease served as controls. The protocol was conducted in accordance with the ethical standards prescribed in the 1964 Helsinki Declaration and subsequent amendments to the declaration. All participants gave their informed consent.

Visual stimuli

The participants were seated in a dark room in front of a 19 inches CRT monitor (resolution: 1280 x 1024 pixels; vertical frequency: 85 Hz) at a viewing distance of 57 cm. To avoid visual landmarks or references (e.g., screen border) in the localization tasks [START_REF] Awater | Mislocalization of Perceived Saccade Target Position Induced by Perisaccadic Visual Stimulation[END_REF][START_REF] Deubel | Transsaccadic memory of position and form[END_REF] the monitor was covered with a neutral-density filter (ND4 ; transmittance = 25%). In all tasks, the fixation points and saccadic targets were red circles 1° in diameter presented on a dark background. The to-be-localized flash stimulus in the localization task (see below) was a vertical green bar, 0.15° wide and 9° high.

Experimental procedure

The experiment included three main tasks: a peri-saccadic flash localization task (LOC) and a saccadic suppression of displacement (SSD) task with a target jump with no delay (STEP version) and with a 250 ms delay (GAP version). Each of them has been performed in two conditions: either coupled with a saccade or under gaze fixation. Both visual hemifields have been tested in two sessions separated by a break in illuminated environment (see 

Saccadic suppression of displacement task

In the saccade condition, a fixation point was presented at 6 or 8° to the right of the centre of the screen. Correct gaze fixation was ensured by monitoring gaze position online: fixation was validated as soon as the participant's gaze had remained for a variable period (from 800 to 1200 ms) inside a nonvisible square (5° sides) centred on the fixation point ('FP box').

Then, the fixation point was replaced by a saccade target (T1) at 6 or 8° to the left of the centre of the screen. Such random variations of stimuli positions were intended to prevent stereotypic oculomotor behaviour. When the saccade was detected, the target jumped directly ('STEP-SAC' version) or after a blank of 250 ms ('GAP-SAC' version) at an unpredictable position (T2) (see figure 2a and2b). Participants were asked to manually press one of two keys to indicate whether the target had been displaced to the right or to the left from its initial position in a forced-choice manner (choosing randomly one of the two keys in case they are unsure). Target T2 switched off as soon as the participant's response was produced. The size of the jump was adapted by three independent, randomly interleaved staircases of 24 trials.

Each staircase followed a one-up one-down logic with a constant step size of 1.5° starting from an initial target jump of 3.5° leftward, 3.5 ° rightward and 0° (no jump), respectively.

This sequence of events was the same when the SSD tasks were performed within the right visual field but with all spatial parameter symmetrically reversed.

In the fixation condition, the sequence of events was identical to that of the 'STEP-SAC' and 'GAP-SAC' versions just described (respectively for a version with a direct T1-to-T2 target jump named 'STEP-FIX' and a version with 250 ms gap between T1 disappearance and T2 appearance named 'GAP-FIX'), except for the saccade that was not produced, as participants were instructed to keep their gaze inside the nonvisible 'FP box' during the whole trial ; also the duration of initial target (T1) was fixed to 200 ms.

Figure 2. Schematics of the three tasks in the saccade condition. Time-course of the location of the different visual stimuli (bold black lines) and of gaze position (bold grey lines). A: SSD-task in STEP version. After a period of fixation, the participant executes a saccade toward a target (T1) that jumps during the saccadic response toward another position (T2). The participant must report the direction of the target jump by pressing one of two keys. B: SSD-task in GAP version. Same sequence of events as in the SSD -STEP task except that a 250 ms delay was introduced between the disappearance of T1

and the appearance of T2. C: Localization task. A saccade target is presented, followed 70 ms later by a bar briefly flashed (20 ms) randomly at one of 10 possible locations. After executing the saccade, the participant must report the spatial position of the bar by adjusting the location of a mouse pointer.

Localization tasks

In the saccade condition ('LOC-SAC'), trials began with a fixation point which appeared 8°

to the right of the centre of the screen for a random period (from 750 to 1250 ms). Correct gaze fixation was ensured in the same way as described above. After this delay, the fixation point was switched off and a saccade target appeared 7° to the left of the centre of the screen.

Seventy milliseconds after the display of the target, a bar was flashed for 20 ms at a randomly chosen position among 10 positions around the target (see figure 2c). This timing of flash presentation relative to the reactive saccade execution (i.e. ~ 160 ms, depending on saccade latency) has been chosen to avoid any other peri-saccadic mislocalizations that occur for stimuli flashed within 50 -100 ms around saccade onset [START_REF] Honda | The time courses of visual mislocalization and of extra-retinal eye position signals at the time of vertical saccades[END_REF][START_REF] Morrone | Apparent Position of Visual Targets during Real and Simulated Saccadic Eye Movements[END_REF]. If gaze position did not remain inside the nonvisible 'FP box' until the disappearance of the flash, the trial was considered as a failure and re-run at the end of the task. Then, the saccade was detected based on velocity and acceleration thresholds (see following section) and a black screen appeared at the eye movement onset for a duration of 850 ms. This was followed by the appearance of a pointer at a random position near the bottom right corner of the screen. The participant had to move the pointer and to click at the position where he (she) had perceived the flashed bar or, but only in case he(she) did not see the flashed bar or was too unsure, to click near the bottom border of the screen. Again, the trial was not accepted and re-run later if the participant's gaze at the time of the mouse click was not inside a rectangular box adjacent to the 'FP box' and enclosing the flash possible locations (height: 5°, width: from the 5.5° right location up to the left border of the screen).

This sequence of events was the same when the LOC-SAC task was performed within the right visual field but with all spatial parameter symmetrically reversed.

In the fixation condition ('LOC-FIX'), the sequence of events was identical, except that no saccadic target was presented, and the participant had to maintain its gaze inside the nonvisible 'FP box' during the whole trial. Also, the duration of the black screen was increased by 160 ms, matching the mean delay between bar disappearance and saccade onset in the LOC-SAC condition.

Data analysis 1.4.1 Eye movement measurement

Eye movements were continuously recorded (sampling frequency: 500 Hz) with the Eyelink 1000 system in the Tower Mount configuration (SR Research, Ltd., Canada). The start and end of saccades were detected online using eye velocity and eye acceleration thresholds of 22°/s and 4000°/s 2 . Data stored on the recording PC were analysed off-line using a homemade Matlab routine and Data Viewer software (SR Research, Ltd., Canada). Trials in which the latency or the amplitude exceeded the mean plus or minus two standard deviations were excluded. Statistical comparisons between patient CF and the control group were performed by using the Crawford bilateral t-test for single cases [START_REF] Crawford | Investigation of the single case in neuropsychology: confidence limits on the abnormality of test scores and test score differences[END_REF] since no systematic saccadic impairment could be predicted in optic ataxia [START_REF] Gaveau | Saccade control and eye-hand coordination in optic ataxia[END_REF]).

Saccadic suppression of displacement tasks analysis

For each of the 5 subjects and 8 combinations of conditions (left/right hemifield x saccade/nosaccade x GAP/STEP), the psychometric function of participant's behavioural responses was 

Localization tasks analysis

For each of the 5 subjects and 4 combinations of conditions (left/right hemifield x saccade/nosaccade), we extracted the horizontal (X) and vertical (Y) coordinates of the pointer response relative to the real position of the bar. Since the task involved only horizontal saccades, only the X coordinate of pointer position error was considered for statistical analyses. For each study conducted in our laboratory with 30 healthy participants. In addition, for the SSD tasks, the psychometric curves obtained in the healthy subjects of the current study are very consistent and also disclose key characteristics (including changes between the STEP and GAP conditions) already reported in the literature (see [START_REF] Deubel | Postsaccadic target blanking prevents saccadic suppression of image displacement[END_REF] for an example).

RESULTS

Asymmetry between visual hemifields under fixation condition

The fixation condition was entered into the experiment to verify the presence of a perceptual deficit per se in CF, as suggested by a previous study using TMS over the PPC in healthy volunteers [START_REF] Prime | Transcranial Magnetic Stimulation over Posterior Parietal Cortex Disrupts Transsaccadic Memory of Multiple Objects[END_REF]. A deficit under the stationary eye condition in our patient could therefore be a confounding factor which must be considered to isolate the pure contribution of extra-retinal signals in the trans-saccadic localization tasks. Raw results of the fixation condition are presented in figure 3 (SSD tasks ; see also Table 2) and figure 4 (LOC task).

Figure 3. SSD tasks raw data in the fixation condition plotted separately for both hemifields: psychometric functions in patient CF (blue lines and dots) and control subjects (grey lines and dots)

fitted for the STEP-FIX (top) and GAP-FIX (bottom) conditions. The proportion of trials in which subjects reported an apparent stimulus jump in the saccade direction (forward) is plotted against the size of stimulus jump (positive = forward; negative = backward). Vertical lines (blue in CF, grey in controls) denote the 50% perceptual threshold or point of subjective stationarity -PSS (jump size eliciting backward and forward reports equally frequently); size of the dots indicates the number of trials for each target jump value.

Figure 4. LOC task raw data in the fixation condition plotted separately for both hemifields. A: Mean 2-D localization errors in patient CF for each bar position (black cross) depicted as error vectors (blue lines). Negative (positive) errors in the left hemifield and positive (negative) errors in the right hemifield correspond to overestimation (underestimation) of the visual target. B-E: Scatter of 2-D localization errors in patient CF (B-C) and control subjects (D-E) plotted after normalization of bar positions along the X-axis (normalized bar position = black '+'). The mean localization error (blue or grey cross for CF and controls, respectively) and the corresponding distributions of individual responses (90% confidence interval, blue or grey ellipses) are shown for each subject. Grey dots in B-C show individual responses of patient CF.

To estimate whether the performance of the patient in his ataxic (left) hemifield was reduced as compared to that in the right hemifield, the difference of the perceptual responses between hemifields was calculated as follows:

For the SSD tasks, we calculated for each condition (GAP and STEP) two hemifield-related indexes, respectively based on the perceptual bias and uncertainty (i.e., the PSS and slope of the fitted psychometric curves). As shown in figure 5, CF's hemifield-related indexes of bias obtained in the SSD tasks (STEP : -2.97°; GAP : -3.05°) lay outside the hemifield-related indexes of the control group (0.27° ± 0.25° (SD) and 0.18° ± 0.3°, respectively), as confirmed statistically (STEP: t = -11.59, p <.01; GAP: t = -9.63, p <.01). Inversely, CF's hemifieldrelated indexes of uncertainty of CF were near zero (STEP : -0.52° ; GAP : 0.06°), similar to those reported in the control group for both STEP (0.05° ± 0.53 ; t = -0.96 ; NS) and GAP (-0.17° ± 0.34 ; t = 0.61 ; NS) conditions.

In the LOC task, the hemifield-related indexes of bias and uncertainty were calculated by considering the mean and the variance of localization errors, respectively. As shown in figure 5, CF's hemifield-related index of bias (-1.67°) and those of the control group (-0.18° ± 3.27°)

did not differ significantly (t = -0.41, NS), nor did hemifield-related index of uncertainty (CF: 4.47 ; control group: 0.21 ± 3.29). Note that a deficit of CF in the localization task could have been hidden by the larger between-subject variability observed in the control group in this latter task as compared to the SSD-tasks (see figure 5), which might be linked to the type of behavioral response (free-choice in LOC task versus forced-choice in SSD tasks).

In sum, whereas the small values of the hemifield-related index of bias in the control group signaled a balanced performance between the two hemifields for all three tasks, the negative values in the patient indicated a reduced performance in the left hemifield relative to the right hemifield. This difference between patient CF and the control group reached statistical significance for the two SSD tasks. Moreover, the pathological bias of CF in the left visual hemifield in these latter tasks was not accompanied by a greater uncertainty of the perceived stimulus position. 

Saccades versus fixation differences

The raw results of the saccade condition are presented in figures 6 and 7 for the SSD and LOC tasks, respectively. Note that for the SSD tasks, we have reported in details the behaviour of participants in Table 2. Given that we reported above a deficit under the fixation condition in CF, we calculated a saccade-related index reflecting the pure effect related to saccade execution by substracting, for a given task and in a given hemifield, the performance measured in the fixation condition from that measured in the saccade condition (figure 8):

Again, in each of the three tasks, two indexes were computed: a saccade-related index of bias and a saccade-related index of uncertainty were respectively obtained from the PSS and slope of the fitted psychometric curves (SSD tasks) or from the constant and variable localization errors (LOC task).

Right (non ataxic) visual hemifield assessment

In the case of rightward saccades, CF performed quite similarly to control subjects (figure 8).

Firstly, in the SSD-tasks, CF's saccade-related indexes of bias (STEP : 1.09° ; GAP : 1.34°) did not differ significantly from those reported in the control group in both STEP (0.59° ± 0.52 ; t <1, NS) and GAP (0.76° ± 0.46 ; t = 1.13, NS) conditions. Similarly, the saccaderelated indexes of uncertainty of CF were close to 0 (STEP : -0.54 ; GAP : 0.52) and did not differ significantly from those reported in the control group in each STEP (-0.98 ± 0. In sum, the visual perception behavior of CF was similar to that of the control group in terms of bias and uncertainty in the right visual hemifield. Also, his oculomotor behavior was similar to the control behavior in terms of saccade amplitude while differed slightly from control values in terms of latency. Thus, this patient is able to integrate extra-retinal signals to predict accurately the consequences of its own oculomotor actions in its right (non ataxic) hemifield.

Left (ataxic) visual hemifield assessment

In the case of leftward saccades, the pattern of CF behavior was dramatically different from that of the control group (figure 8).

Figure 8. Saccade-related index of performance bias. Differences of mean performance between saccade and fixation conditions for each of the three tasks and the two hemifields in patient CF (blue dots) and in the control group (grey bars: means and whiskers: mean +/-Standard Deviation). Statistical differences between CF and control subjects (Crawford t test for single cases): *: p < .05.

First, in the SSD STEP task (i.e., in which the contribution of extra-retinal signals is the lowest), the saccade-related index of bias was deteriorated in CF (3.62°) and differed significantly from that of the control group (1.71 ± 0.49° ;t = 3.49 ; p <.05). Importantly, this deficit could not be explained by other factors. Indeed, the saccade-related indexes of uncertainty in CF (0.05) and the control group (-0.82 ± 0.35) did not differ significantly (t = 2.23, NS). Also, the mean saccade amplitude of CF (-13.08°; -14.3° and -16.03° respectively for the -12°, -14° and -16° target eccentricities) globally fell in the control group ranges (-10.9° ±1.47; -12.88° ±1.79 and -14.49° ±2.23°, respectively) with no statistical difference (tvalues between -1.33 and 0). Finally, the latency of saccades to 12° and 14° targets in CF (234.96 and 248.1 ms) did not differ significantly from those of the control group (194.87± 13.83 and 190.73 ± 21.02 ms, respectively) and only the latency of his saccades to the 16° target significantly increased (CF : 250.78 ms ; control group : 195.61± 10.32 ; t = 4.78, p<.05), a pattern similar to that reported above for the right visual hemifield. In sum, neither the variability of the perceptual responses nor the oculomotor behavior could explain the deficit of CF. Rather, this shift of visual percept is mostly linked to gaze fixation, as seen by looking at the PSS values obtained in CF separately in the STEP-FIX and STEP-SAC conditions (-3.48° versus 0.14°, respectively).

Second, in the SSD GAP task (i.e., in which the contribution of extra-retinal signals is the highest), the saccade-related index of CF's bias was drastically deteriorated (4.44°) and differed significantly from healthy subjects (1.65 ± 0.33 ; t = 7.56 ; p <.01). As previously, the saccade-related index of CF's uncertainty (-0.12) fell in the control range (0.22 ± 0.19; t = -1.6, NS). In addition, the mean saccade amplitude of CF (-11.95, -13.4 and -14.51°, respectively for the -12, -14 and -16° targets) did not differ significantly from that of the control group (-11.36°±1.33; -13.12°±1.34 and -14.94°±1.78, respectively) with t-values between -1 and 1 (see figure 9). Also, the mean saccade latency of CF for the three target eccentricities (222.35 ms, 241.63 ms and 235.22 ms, respectively) did not significantly differ from those of the control group (201.27 ± 12.22 ms, 204.32 ± 11.36 ms and 202.64 ± 11.23 ms). In sum, the deficit of CF could not be explained by differences in terms of a great variability of perceptual judgements within its left visual hemifield nor in terms of saccade execution. Regarding the raw data of PSS in the GAP-FIX and GAP-SAC conditions, the deficit of CF may be explained by a shift of the psychometric curves under gaze fixation (-2.62°) and, in the GAP-SAC condition, by an additional shift in the forward direction (1.82°). Indeed, the GAP-STEP difference of patient CF in the saccade condition (1.68°) departs significantly from that of control subjects within the left hemifield (-0.72° ; SD : 0.67) (t = 3.2 ; p <.05), and not within the right hemifield (t = 1.71 ; NS). This pattern of results, echoing previous findings in thalamic patients, is consistent with an improper computation of extraretinal signals leading to an underestimating of the true saccade size [START_REF] Ostendorf | Human thalamus contributes to perceptual stability across eye movements[END_REF]. This finding means that, in the left (ataxic) hemifield, while controls reported the direction of leftward displacement at chance level until it reached 1.65° on average, CF needed a displacement ~3° larger than for controls to be able to begin to judge a physically leftward displacement as being leftward in more than 50% of the trials.

Third, in the LOC task, CF showed a strong deficit expressed by a systematic overestimation of the position of the bar (see figures 7A and 7B). This was evidenced by a high saccaderelated index of constant error (5.4°) which differed significantly from that of the control group (0.47° ±1.56; t = 2.83; p <.05). As for the SSD tasks, no difference was reported between the saccade-related indexes of CF's uncertainty (-4.45) Altogether, the values of the saccade-related indexes of CF in the SSD-GAP task and in the LOC task were very similar (4.44°and 5.4°, respectively). When referred to the actual mean saccade amplitudes of CF in these two tasks (-13.29° and -17.09°, respectively), these measures point to similar estimates of underestimation of the true saccade magnitude (33.41% in the SSD-GAP task and 31.6% in the LOC task). In both cases, the direction of the saccaderelated indexes (i.e., overestimation in both tasks) revealed a forward shift of the predicted position of the to-be-localized stimuli (i.e., T2 in SSD-GAP task and the flash in the LOC task) from the actual eye position after saccade execution. 

DISCUSSION

In the present case study, we aimed to assess the role of the PPC in saccadic remapping, and more precisely to determine the PPC relative contribution in spatial visual processing and extra-retinal signals processing. For this purpose, we tested patient CF and age-matched controls in a saccadic suppression of displacement task (GAP and STEP versions) and a perisaccadic localization task (LOC). These three tasks have been performed both in their original saccade condition and in their corresponding ocular fixation condition. Compared to healthy participants, patient CF showed a specific pattern of perceptual deficits in the ataxic (left) hemifield. First, a significant impairment occurred in the stationary eye conditions, pointing toward an alteration of spatial visual encoding. Second, in the saccade conditions, despite a globally preserved oculomotor behaviour, an additional perceptual deficit was observed in tasks where extra-retinal signals are thought to be critically involved i.e., SSD-GAP and LOC tasks. This second perceptual deficit was strongly consistent between these two tasks (a shift of ~5° target localization error in the forward direction) revealing a constant underestimation of the true saccade size in the remapping process. In the following sections, we discuss these two points and try to better characterize the role of the PPC within the neural circuitry known to underlie spatial remapping.

A deficit in processing of visual information in eye fixation condition in the left hemifield

As can be seen on figure 4, patient CF was largely and systematically hypometric when Patient CF was also impaired at judging the direction of target displacements within his left (ataxic) visual hemifield in the GAP and STEP fixation conditions. As can be seen on figure 3, whereas patient CF exhibited normal performance within the right hemifield (PSS near 0°, with a more flattened psychometric curve in GAP-FIX than STEP-FIX as in control subjects), his performance in the left hemifield was impaired in two aspects. First, the psychometric curve was shifted toward the left, revealing that small backward (rightward) displacements of the target within the left hemifield were perceived leftward. This deficit could be explained by an inverse relationship between the duration of the target and the hypometric bias of spatial encoding discussed in the previous paragraph. Indeed, being briefly flashed target T1 would be more underestimated than target T2 which remains visible until the subject's response, thus resulting in the observed decrease of the probability of backward reports in favour of forward reports. Second, in addition to this perceptual bias, the psychometric curve of patient CF appeared similarly flattened when the second target position was presented immediately as when it was presented after a 250 ms blank. This second aspect of CF's behaviour is different from what was observed in healthy controls, i.e. steeper psychometric curves in STEP relative to GAP. It is classical to observe in healthy participants with the eyes stationary that the immediate target displacement of the STEP condition, because it creates perceived apparent motion (phi phenomenon), reduces the uncertainty range of direction discrimination.

Accordingly, impairment of high-level motion perception, including apparent motion (phi phenomenon) and biological movements identification, has been reported in patients with unilateral or bilateral parietal lesions (Batelli et al., 2001; [START_REF] Michel | Seeing without the Occipito-Parietal Cortex: Simultagnosia as a Shrinkage of the Attentional Visual Field[END_REF]) in absence of deficit of low-level motion perception (motion perception based on colour contrast, recognition of motion-defined shapes, optic flow perception, as well as the waterfall illusion of motion after-effect). [START_REF] Michel | Seeing without the Occipito-Parietal Cortex: Simultagnosia as a Shrinkage of the Attentional Visual Field[END_REF] reported that patient AT with bilateral optic ataxia was seeing successive flashing lights when normal subjects would see apparent motion.

This absence of phi phenomenon in both STEP and GAP conditions for patient CF could explain why the benefit of the STEP condition over the GAP condition classically observed in healthy subjects was not present in CF's left hemifield. This highlights the importance of subtracting the localization errors between the saccade and the fixation conditions to correctly interpret in patient CF the specific contribution of extra-retinal information in the SSD tasks.

While the performance of patient CF in the bar localisation task and the first aspect of his deficit in the SSD task (i.e. the leftward shift of the psychometric curve) in the left hemifield can both be explained by the previously reported hypometric bias in spatial visual encoding within the ataxic field, this second aspect of patient CF's deficit remains mysterious. We speculate that it could be due to a larger, probably overlapping, spatial uncertainty range for both first and second target locations, explaining why the patient verbally reported to "see two grossly large spots of light successively flashed in his left peripheral vision without any precise localization information".

A preserved role of extra-retinal signals in perceptual judgments within the healthy visual field

When performing the trans-saccadic SSD tasks, healthy participants performed better in the GAP-SAC than in the STEP-SAC condition, irrespective of the tested visual hemifield (average threshold over both hemifields of 1.05° in STEP-SAC condition and 0.5° in the GAP-SAC condition). Indeed, the psychometric curves in the GAP-SAC condition show a 50% threshold closer to 0 and a slope steeper than in the STEP-SAC condition, for each healthy participant and each hemifield (see figure 6). Psychometric curves in patient CF do not show this so clearly (figure 6), probably due to the contamination of the perceptual deficit of apparent motion pre-existent in the left hemifield under the fixation condition, but the slope of the curve within his right visual hemifield is steeper in the GAP as compared to the STEP condition. This enhancement in the GAP-SAC relative to the STEP-SAC condition is a very consistent observation across studies and refers to the so-called "blanking effect" (Deubel et The assumption that the world remained stable is verified if this prediction is achieved [START_REF] Wexler | Orthogonal steps relieve saccadic suppression[END_REF].

This strategy can operate in the STEP-SAC condition since the saccadic target is directly available at the end of the movement, which may explain why small jumps (that is, within this restricted region) are unnoticeable by the participants (saccadic suppression). In contrast, this strategy is not functional in the case of our GAP-SAC condition performed in a totally dark between CF and healthy individuals under this condition (after subtraction of the corresponding fixation task) could therefore be explained by an alteration of the "phi phenomenon" in the STEP FIX condition -which is absent in the STEP SAC condition due to the saccadic suppression effect-rather than other (extraretinal) factors. Additionally, the analysis of oculomotor behaviour revealed accurate saccades in all tasks (figure 9). Thus, neither a pure visual nor a pure oculomotor factor can account for CF's deficits which, rather, are consistent with a systematic underestimation of the encoding of his actual oculomotor response resulting from erroneous processing and/or integration of extra-retinal signals.

Figure 10. Schematic illustration of CF's altered integration of efference copy for leftward trials of the trans-saccadic tasks. Note that, for the sake of demonstration, the remapping deficit shown here has been isolated from the contribution of initial target location encoding. Specific aspects of the LOC task are shown in green and those of the SSD-GAP task in purple. In the pre-saccadic phase, based on pre saccadic eccentricity encoding (considered here as correct) of stimuli presented during the saccade latency (i.e., the saccade target T1 in SSD-GAP task and the bar in the LOC task) but on an improper corollary discharge (gain ~0.67 according to our data), the expected position of these to-belocalized stimuli relative to the saccade landing position will be wrongly computed by the PPC (shown as 'predicted T1/bar offset'). In the post-saccadic phase, since the saccade is accurately executed, the predicted image will be shifted in the forward direction ('remapped T1/Bar'), leading to strong perceptual biases (red arrows): an overestimation of the position of the bar in the LOC task and an erroneous report in the SSD-GAP task (e.g. as shown here: a backward report for a forward target jump with T2 landing between the actual and the remapped position of T1).

Quite remarkably, CF localization deficits were very similar in both LOC and SSD-GAP tasks in terms of direction (overestimation) and magnitude (constant error of 5.4° in LOC; PSS of 4.44° in SSD-GAP). Furthermore, when expressed as a ratio relative to actual saccade size, perceptual error yielded even closer consistent values between the two tasks (31.6% in LOC and 33.41% in SSD-GAP task). This suggests that the lesion induced the same overestimation 

Parietal involvement in spatial remapping for perceptual judgments

The present study demonstrates that the human PPC is not only involved in the motor manifestations (such as in the double saccade task) of saccadic remapping processes (see Introduction), but also in their perceptual manifestations. the remembered location of a just extinguished target, such that the memory trace of the visual target shifted into the other cerebral hemisphere and then 2) to manually point at this remembered location, a task therefore involving an additional visuo-manual transformation process, known to be impaired in the contralesional field in optic ataxia. When presented in the right (ipsilesional) hemifield, the visual target was accurately encoded and the patient produced a rightward saccade (whose size was also correctly encoded) which overpassed the target. Then the manual reach was performed within the now left (contralesional) hemifield.

In this condition, a manual pointing error was observed, resulting solely from the faulty visuomanual transformation of the memorised target location. Now when the visual target was presented in the left (contralesional) hemifield, the patient had to generate a leftward saccade to overpass it and then a manual reach movement toward this target location within the now right (ipsilesional) hemifield. In this condition, the pointing performance was correct (and thus normalised with respect to the immediate pointing to the same left peripheral visual target in fixation condition) because the visual target representation ended in the hemifield where the visuo-manual transformation was preserved. Along this line, Lisi (2020) recently wrote that taken together, the literature shows that « patients with PPC lesions can use extraretinal information to maintain a stable sense of location across eye movements », but nevertheless « do not do so as efficiently as healthy participants, making both more variable and hypometric secondary saccades and more errors in their perceptual judgments ».The present study confirms that saccade remapping mechanisms are preserved in optic ataxia and, through a far more fine-grained analysis disentangling between visual encoding and saccade encoding, further discloses a small but consistent underestimation bias of saccade size encoding.

Quite remarkably, the deficit of perceptual judgment found in patient CF in the SSD-SAC tasks is very similar to that reported in the same tasks when thalamo-cortical pathways that supposedly carry corollary discharge information are disrupted. Indeed, Ostendorf et al.

(2010) tested thalamic patients in SSD tasks and argued that a lesion of the MD nucleus of the thalamus leads to an underestimation of the corollary discharge, by 11%. In another study using TMS in healthy participants, [START_REF] Ostendorf | Theta-Burst Stimulation over Human Frontal Cortex Distorts Perceptual Stability across Eye Movements[END_REF] reported that a disruption of the FEF activity by TMS lead to a similar effect (underestimation by 11.5%). In the monkey, transient inactivations of the MD thalamic nucleus yield monkeys to incorrectly predict the perceptual consequences of their saccades in a SSD task [START_REF] Cavanaugh | Saccadic Corollary Discharge Underlies Stable Visual Perception[END_REF].

Note finally that in the context of oculomotor performance measured in double saccade paradigms, an alteration of corollary discharge was also suggested in thalamic patients (Bellebaum et al., 2005a[START_REF] Bellebaum | Altered processing of corollary discharge in thalamic lesion patients[END_REF], and the updating of visual space required in those paradigms was proposed, based on EEG recordings in healthy participants, to take place in the PPC [START_REF] Bellebaum | Post-saccadic updating of visual space in the posterior parietal cortex in humans[END_REF]). In the context of SSD perceptual performance, whereas Fabius et al. (2020) found no pronounced deficit in a parietal patient group, other studies, using TMS over the PPC, showed evidence of remapping deficit [START_REF] Chang | Maintenance of Visual Stability in the Human Posterior Parietal Cortex[END_REF] see also [START_REF] Collins | TMS over posterior parietal cortex disrupts transsaccadic visual stability[END_REF].

Altogether, these previous data suggested that thalamo-cortical pathways (such as the MD-FEF pathway and a possible thalamo-PPC pathway) carry a corollary discharge underlying trans-saccadic localization performance (perceptual and/or oculomotor). Interestingly, these multiple pathways have been suggested to converge toward the PPC to maintain visual stability across saccades. [START_REF] Ziesche | Brain circuits underlying visual stability across eye movements: converging evidence for a neuro-computational model of area LIP[END_REF] have conceived a neurocomputational model with the parietal cortex as the key node of the visual stability mechanisms. In their model, disabling parietal "remapping cells" (thought to be located in the monkey LIP area according to the neurophysiological literature) either directly or by suppressing their input from extra-retinal streams, should lead to a similar bias than that reported presently in our SSD tasks (i.e., a shift of the psychometric curve in forward direction). Note that the mislocalizations observed in patient CF were consistent between our tasks and larger (overestimations by 33.53% in the SSD-GAP task and 31.76% in the LOC task) than in patients with corollary discharge-related pathway disruption (by about 11% as reported above). We thus postulate that the right hemispheric lesion in patient CF interfered with these predictive remapping cells for leftward saccades.

Another interesting fact is that patient CF does not experience a breakdown of visual continuity in everyday life, like patients with thalamic lesions [START_REF] Ostendorf | Human thalamus contributes to perceptual stability across eye movements[END_REF]. This means that the PPC is probably not the sole or the ultimate structure integrating saccaderelated information to maintain visual stability across saccades. For instance, Berman andWurtz (2010, 2011) identified a functional circuit ascending from superior colliculus to middle temporal area through the pulvinar nucleus that could also sustain visual stability.

Other mechanisms than alternative corollary discharge pathways, such as relative localization to visual landmarks in real scenes [START_REF] Bays | Spatial remapping of the visual world across saccades[END_REF] 

  Kilias & Ploner, 2011) or the PPC (van Donkelaar & Müri, 2002; Morris, Chambers & Mattingley, 2007). In addition, neuroimaging studies revealed activity patterns consistent with saccadic remapping in the parietal cortex (Medendorp, Goltz, Vilis & Crawford, 2003; Merriam, Genovese & Colby, 2003; Pierce, Saj & Vuilleumier, 2019) and in the occipital visual cortex (Knapen, Swisher, Tong & Cavanagh, 2016; Podvalny et al., 2017, Zimmermann, Weidner, Abdollahi & Fink, 2016).

  double saccade task (patients: Duhamel et al., 1992b; Heide et al., 1995; Pisella et al., 2011; healthy subjects: van Donkelaar & Müri 2002; Morris et al., 2007). In comparison, only few studies assessed a role of PPC in perceptual manifestation of saccadic remapping. Using TMS in healthy subjects, both Chang & Ro (2007) and Collins & Jacquet (2018) interpreted their TMS-induced deficit observed in a saccadic suppression of displacement (SSD) task as resulting from an impaired integration of retinal and extra-retinal signals (but see Fabius, Nijboer, Fracasso & Van der Stigchel, 2020 and Ten Brink, Fabius, Weaver, Nijboer & Van der Stigchel, 2019 parietal patients studies), whereas deficits disclosed by Prime, Vesia and Crawford (2008) in a task of transsaccadic comparison of visual features led them to propose a role of the PPC in spatial transsaccadic memory. This latter proposal echoes the frequently suggested deficit of transsaccadic spatial working memory in the neglect literature (for reviews, see Pisella & Mattingley, 2004 and Pisella et al., 2011). Note however that the metric of spatial errors in these perceptual tasks have not been assessed, which thus did not allow to argue on the involvement of altered extra-retinal signals. More generally, the lack of solid behavioural evidence measured in perceptual tasks for a PPC involvement in saccadic remapping does not fit with the view, which is suggested by empirical data on (oculo)motor tasks and by theoretical models, of a major integrating role of the PPC between extra-retinal signals and spatial visual information. Further, the mere contribution of the cerebral cortex in processing extra-retinal signals for contraversive saccades has been challenged by Rath-Wilson and Guitton (2015b) who revealed that patients with complete hemispherectomy adequately perform double step saccades requiring transsaccadic remapping. Finally, besides in Prime et al. (2008), previous studies did not evaluate the patients' behaviour in a baseline condition without eye movement to isolate possible deficits related to any PPC role in spatial visual processing independent of eye movements.

  constancy of the visual environment and yields the central nervous system (CNS) to more strongly rely on monitoring of extra-retinal signals ("blanking effect" Deubel et al., 1996; Ostendorf et al., 2010). The same kind of processing of extra-retinal signals is expected to occur in the peri-saccadic flash localization task because (1) the bar is flashed for a short duration during the latency of the saccade and (2) the saccade target is extinguished during the saccade, leading the CNS to use the information conveyed by the extra-retinal signals to infer the position of the bar.

Figure 1 :

 1 Figure 1 : Patient CF's anatomical MRI brain slices under T2 contrast. The MNI z-coordinates of the axial slices are indicated. Lesions were mapped and colored in red. White numbers indicate damaged Brodmann' area 7 in the right hemisphere. IPS: intra-parietal sulcus, CS: central sulcus.

  determined by using psignifit, a toolbox implemented in Matlab. The same parameters as described in[START_REF] Ostendorf | Theta-Burst Stimulation over Human Frontal Cortex Distorts Perceptual Stability across Eye Movements[END_REF] were extracted from the psychometric curves: the point of subjective target stationarity (PSS) (= the target jump size yielding a 50% proportion of forward reports) quantified the average performance (bias) of each participant and the slope of the psychometric curve assessed the uncertainty of the subject's perceptual responses.Statistical comparisons were performed by unilateral Crawford t-tests based on the following predictions: visual underestimation is strongly expected in the fixation conditions in the ataxic hemifield[START_REF] Blangero | Systematic retinotopic reaching error vectors in unilateral optic ataxia[END_REF][START_REF] Vindras | The Pointing Errors in Optic Ataxia Reveal the Role of "Peripheral Magnification" of the PPC[END_REF] and, in the saccade conditions, a shift of visual percept in the saccade direction is predicted from numerous studies[START_REF] Ostendorf | Human thalamus contributes to perceptual stability across eye movements[END_REF][START_REF] Ostendorf | Theta-Burst Stimulation over Human Frontal Cortex Distorts Perceptual Stability across Eye Movements[END_REF].

Figure 5 :

 5 Figure 5: Hemifield-related indexes of bias in the fixation condition. Differences of mean performance between left and right visual hemifields for each of the 3 tasks in patient CF (blue dots) and in the control group (grey bars and whiskers: mean +/-Standard Deviation). Statistical differences between CF and control subjects (Crawford t test for single cases): ** : p < .01.

Figure 6 .

 6 Figure 6. SSD tasks raw data in the saccade condition plotted separately for both hemifields: Psychometric functions in patient CF (blue lines) and control subjects (grey lines) fitted for the STEP-SAC (top) and GAP-SAC (bottom) condition. Same conventions as in Figure 3.

Figure 7 .

 7 Figure 7. LOC task raw data in the saccade condition plotted separately for both hemifields. Same conventions as in Figure 4.

  and those of the control group (-2.45 ± 3.53). Also, neither the amplitude nor the latency of saccades showed any difference between CF (mean amplitude: -17.09°; mean latency: 273.36 ms) and the control group (-15.6 ± 0.69° and 230.04 ± 44.14 ms; t-values of -1.93 and 0.88, respectively). These findings are entirely consistent with the behavior of CF in the SSD-GAP task and corroborate the hypothesis of an improper computation of extra-retinal signals leading to an underestimation of the true saccade size. Indeed, the mean localization errors of CF computed separately in the LOC-FIX and the LOC-SAC conditions point toward opposite directions, respectively underestimating by 2.17° and overestimating by 3.23°, the two adding together to yield, as in the SSD-GAP task, a large visual overestimation (i.e. a 5.4° shift in the forward direction).

Figure 9 .

 9 Figure 9. Amplitude of saccadic eye movements in the SSD tasks (top) and LOC task (bottom) plotted separately for both hemifields. Circles represent mean amplitude in CF (orange : STEP task; purple: GAP task; green: LOC task); grey bars represent mean amplitude in control subjects (+/-standard deviation). Vertical dashed lines indicate target eccentricity.

  required to indicate with the computer mouse where a visual bar has been flashed within his left (ataxic) visual hemifield while maintaining eye position on the fixation point at 8° to the right of the centre of the screen (LOC-FIX condition). This error pattern confirms a spatial encoding alteration expressed in an eye-centred reference frame (Khan et al., 2005a; Khan, Pisella, Rossetti, Vighetto & Crawford, 2005b; Dijkerman et al., 2006) as centripetal errors toward the eye fixation position for visual targets presented in the contralesional hemifield (Gaveau et al., 2008; Blangero et al., 2010; Vindras et al., 2016). This mislocalization is known to be partially compensated for when more time is available for spatial encoding (Gaveau et al., 2008; Rossetti et al., 2005; Milner, Paulignan, Dijkerman, Michel & Jeannerod, 1999; Milner, Dijkerman, McIntosh, Rossetti & Pisella, 2003).

  al., 1996; Collins, Rolfs, Deubel & Cavanagh, 2009; Ostendorf et al., 2010, 2011). This effect indicates that the decision-making process leading to a trans-saccadic perceptual judgement may rely on different mechanisms depending on the available information at the end of the saccadic eye movement (Hamker, Zirnsak, Ziesche & Lappe, 2011; Deubel et al., 1996). According to the reference object theory (Deubel et al., 1996) or the saccade target theory (Currie, Mcconkie, Carlson-Radvansky & Irwin, 2000; McConkie & Currie, 1996), the visual system expects after the saccade the target to be in a local region around the eye landing position (approximatively equivalent to the saccadic endpoint scatter).

  environment, forcing the visual system to rely more on other (extra-retinal) signals to accurately remap pre-saccadic locations into the post-saccadic reference frame. Thus, the manifestation of the blanking effect in all healthy subjects shows that they can rely on retinal (SSD-STEP task) and extra-retinal (SSD-GAP task) signals in an optimal way to solve these tasks. Moreover, as presented in Introduction, the use of extra-retinal signals is critical to solve the LOC-SAC task as well but, in this case, it is the pre-saccadic location of the probe stimulus (i.e., the bar), not of the saccade target T1 as in the SSD-GAP task, which has to be accurately remapped into the post-saccadic reference frame. In this LOC-SAC task, the performance of CF within his right visual hemifield was very accurate (figures 7C and 8), as revealed by a localization error close to zero. Overall, these results indicate that CF performed the three trans-saccadic localization tasks as accurately as healthy participants when a rightward saccade is performed; this confirms that within his right (ipsi-lesional) visualhemifield, retinal and extra-retinal signals are faithfully integrated to provide accurate perceptual localization judgements.

3. 3 A

 3 deficit of extra-retinal signals for trans-saccadic perceptual judgements within the ataxic visual field Thus, based on this framework, if the PPC lesion in patient CF interfered with extratretinal signals, we predicted that: (1) a deficit should occur mostly in the LOC task and in the GAP version of the SSD task where the contribution of extra-retinal signals is supposedly the highest, (2) in the more specific case of the lesion leading to a systematic underestimation of encoding the actual saccade magnitude, the perceptual deficit should be uniform and reflected as a forward bias along the saccade direction, (3) in addition since only the right PPC lesion is symptomatic in CF and probably leads to his optic ataxia within his left visual hemifield, a perceptual deficit should only occur in his left hemifield. Our results confirmed all these predictions: indeed, CF demonstrated a strong behavioural deficit restricted to his left (contralesional) hemifield in all tasks but predominantly in the GAP and LOC saccadic tasks after subtraction of the corresponding fixation tasks. The localization performance of CF in the STEP-SAC condition is very accurate (PSS close to zero). The observed difference

(

  mean value: 32.5%) of target localization in both tasks, due to an underestimation of the size of the saccade (predicted saccade size representing 67.5% of the actual size). This underestimation could result either from a reduced gain (~0.67) of extra-retinal signals or from an erroneous integration of those signals. Our interpretation is illustrated schematically in figure10for a localization trial in the left (contralesional) hemifield. Note that, since the present study allowed us to isolate the sole saccade-related deficit, we do not include the preexistent deficit in fixation condition discussed in Discussion-section 1. We thus assume that in the pre-saccadic phase, patient CF visually encodes both kinds of to-be-localized-stimuli (T1 target and the bar) at their veridical locations. Also, we assume that extra-retinal signals are, at this time, faithfully encoded since the lesion does not involve the corollary discharge-and proprioceptive-related pathways proper. However, due to the lesion, the processing of extraretinal signals by the right PPC is impaired, equivalent to a reduced gain (~0.67 according to our data); this impairment leads to an erroneous prediction of eye saccade amplitude and thus to erroneous predictions of the position of the bar and of the T1 target relative to the saccade landing position (see 'computations in right PPC' on figure10). After the eye movement is accurately executed, the predicted stimulus position will thus be shifted in the forward direction from the actual saccade landing position ('remapped bar/T1'). Consequently, in the LOC-task (see 'post-saccadic perception (LOC)'), patient CF will systematically overestimate the position of the bar. Similarly, in the SSD-GAP task (see 'post-saccadic perception (SSD)'), perceptual reports of target jumps will be biased because the reference position to which the post-saccadic target location (T2) has to compared is the erroneously remapped position of T1. Hence, for example, if T2 appears between the saccade landing position and the remapped position of T1, CF will perceive a backward jump despite an actual forward target jump. In conclusion, this scheme accounts both qualitatively and quantitatively for the deficits observed in patient CF in the saccade conditions. It illustrates that the consequences of the parietal lesion on trans-saccadic localization tasks can be condensed as a modification of a single parameter, namely the gain of extra-retinal signals. However, a more comprehensive understanding of the contribution of the parietal cortex should also take into account the (pre-saccadic) localization deficits demonstrated by CF in the ocular fixation conditions, as discussed in the following section.

  or sustained visual attention (Rolfs, Jonikaitis, Deubel & Cavanagh, 2010) may contribute to perceptual visual stability. Altogether, this could probably explain why only large and bilateral brain damage affects the subjective impression of visual constancy across saccades (Haarmeier, Thier, Repnow & Petersen, 1997), particularly in conditions with no visual landmarks, like in the present study, forcing the CNS to use and integrate the corollary discharge with the remembered location of a stimulus. To conclude, this study extents previous works and offers direct experimental supports for an important contribution of the PPC in trans-saccadic perceptual judgments of visual space by integrating several visual and extra-retinal signals. Credit Author Statement Alexis Cheviet: Conceptualization, Methodology, Software, Development, Formal analysis, Investigation, Writing -Original Draft. Laure Pisella: Conceptualization, Methodology, Resources, Writing -Original Draft, Supervision. Denis Pélisson: Conceptualization, Methodology, Resources, Writing -Original Draft, Supervision.
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Table 1 .

 1 Experimental design. The two hemifields were tested in two sessions separated by a break.

	Each of the 3 tasks of a session (GAP version of SSD, STEP version of SSD, and LOC) was performed
	in a fixation condition (FIX) and a saccade condition (SAC). Each SSD block contained 72 trials (i.e.,
	3 staircases of 24 trials) and each LOC block included 60 trials (6 trials per bar position).

  In the fixation condition, the mean percentage of re-run trials in patient CF (18.33%) differed significantly from those of the healthy group (10.63% ± 5.46; one tailed Crawford ttest : t = 4.68 ; p <.01) while in the saccade condition, this percentage in CF (10.83%) and in

	healthy group (15% ± 6.87) did not differ significantly (one tailed Crawford t-test : t = -0.54 ;
	p>0.05). Note that we considered that our healthy participants are representative of the
	population and that our low sample size is nonetheless sufficient for the statistical
	comparisons with patient CF. Indeed, for the localization tasks, the performance of these four
	control subjects did not differ significantly from those recorded in a previous (unpublished)

condition, the uncertainty of localization responses was assessed by averaging the variance of the reported responses across the 10 possible bar positions. Recall that trials in which there was an incorrect fixation of gaze were systematically re-run (see 'Experimental procedure' above).

Table 2 .

 2 Bias

and slope values during each condition of the SSD task in CF and control subjects (mean ± standard deviation). LH : left hemifield ; RH : right hemifield ; CTL : control subjects.

  Concerning the oculomotor behavior, we analyzed saccade latency and amplitude in the STEP and GAP conditions of SSD separately for the three target eccentricities (12°, 14° and 16°, see figure9). In the STEP-SAC condition, saccade amplitudes of CF (12.26°; 13.89° and 16° respectively) globally remained within the performance range of the control group (10.94° ± 1.28; 12.63° ± 1.34 and 14.54° ± 1.53 respectively), as confirmed by the lack of statistical differences (t <1 for each comparison). Likewise, the latency of saccades performed by CF for each target eccentricity in this condition (207.27 ms ; 230.09 ms and 235.25 ms, respectively) did not differ significantly from the control group values (209.43 ± 14.84 ; 211.88 ± 14.22 and 208.78 ± 12.16, respectively). Analyses of saccade amplitude carried out in the GAP-SAC condition also did not reveal any difference between the primary saccades of CF (10.98°; 12.16° and 13.63° respectively) and those of the control group (11.25° ± 1.71 ; 13.33° ± 2.02 and 15.21°

	difference between CF's index (-0.96) and those of the control group (-2.43 ± 0.96) was
	reported (t = 1.37; NS). Concerning the oculomotor behavior, CF generated saccades quite
	similar to those of the control group in terms of amplitude ( CF : 13.92° ; control group :
	14.86° ± 0.75 ; NS) but not in terms of latency (CF : 294.46 ms ; control group : 205 ±
	13.21ms ; t = 6.06, p < .01).

32 ; t = 1.23, NS) and GAP (0.35 ± 0.49 ; t = 0.31, NS) condition. ± 2.22 respectively, t-values <1 for each comparison). The latency of saccades performed by CF in this GAP-SAC condition was very similar to that of healthy participants for the 12° target eccentricity (CF : 229.13 ms ; control group : 206.74 ± 8.69 ms) but, as the target eccentricity increased to 14° and 16°, the latency of CF became longer (245.45 ms and 250 ms) as compared to the control group (197.36 ± 4.7 ms and 202.86 ± 11.92 ms; t = 9.15 ; p <

.01 and t = 3.54 ; p <.05, respectively). Note that a longer saccade latency in the SSD tasks is not critical for interpreting the subsequent perceptual behavior since the to-be-localized stimulus is precisely the saccade target (which stays visible on the screen until saccade initiation).

Secondly, in the LOC task, CF's perceptual behavior was also close to that of healthy participants (figure

7

, top right panel, and Figure

8

): the saccade-related index of CF's bias was near zero (0.56°) and did not differ significantly from that of the control group (-0.45° ± 0.96 ; t <1, NS). Also, concerning the saccade-related index of uncertainty, no statistical

  Testing patient CF both in the ocular fixation and saccadic conditions of our three perceptual tasks disclosed a causal role of the PPC in the processing and integration of retinal and extra-retinal signals for accurate perceptual localization performance. This contribution of PPC may be distinct from the frequently suggested deficit of transsaccadic spatial working memory in case of PPC lesion inducing visual neglect (seePisella &[START_REF] Pisella | The contribution of spatial remapping impairments to unilateral visual neglect[END_REF][START_REF] Pisella | Right-hemispheric dominance for visual remapping in humans[END_REF]. Indeed, our patient CF showed no evidence of clinical neglect. In addition, the SSD and LOC tasks used in our study were not designed to isolate specific deficits of spatial working memory.Moreover, if nonetheless present, spatial working memory deficit should be (at least in part) cancelled by the subtraction between saccade and fixation conditions since the temporality of events was similar. Note further that our results showing the gross preservation of saccadic remapping across hemifields in patient CF are consistent with those of[START_REF] Khan | Optic ataxia errors depend on remapped, not viewed, target location[END_REF] in optic ataxia patients. In this 2005's study, 1) patients had to generate a saccade overpassing
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