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letters to nature the stimulus, which is invariant in its form and motion, or to random eye movements. This leaves the possibility that it reflects a dynamic neural process. When combinations of high- and lowluminance-contrast motion are shown together, as in the examples described here, the motion cues are consistently at variance with the spatial configuration. Unless some form of resolution occurs, the two boundaries might appear to disengage8. We propose that the illusory jitter is a visible consequence of this resolution. It has been suggested that reciprocal feedback between, and lateral interactions within, cortical areas can cause synchronous neural spiking with a frequency in the gamma range (20–50 Hz)17–19. The characteristic frequency of the illusory jitter described here might similarly reflect the temporal dynamics of recurrent neural processes that mediate the integration of motion-based spatial predictions and subsequent spatial processing. A



Methods All stimuli used in the conditions represented in Fig. 2a–f were displayed on a 19-inch Sony Trinitron Multiscan 400PS monitor, with a refresh rate of 100 Hz, driven by a VSG 2/5 visual stimulus generator (Cambridge Research Systems). The standard configuration consisted of a large red dot (Commission Internationale d’E´clairage (CIE) 1931 chromaticity chart: x ¼ 0.60, y ¼ 0.34) with a diameter subtending 1.58 of visual angle, and a smaller superimposed green dot (CIE 1931: x ¼ 0.28, y ¼ 0.595) with a diameter subtending 0.58. In the configurations represented in Fig. 2a, b, d–f, the rotating peripheral bull’s-eyes were centred 2.258 of visual angle away from a central fixation point, and in Fig. 2f the additional locations were 3.758 eccentric. In the configuration represented in Fig. 2c, two green squares with a width and height of 1.48 were centred 28 above and below a central static fixation point. The central region had a height of 1.48 and a width of 0.258. These stimuli were viewed in the dark from a distance of 57 cm with the head placed in a chin rest. For all configurations, other than those depicted in Fig. 2c, g, the physical direction of motion could be clockwise or anti-clockwise, determined at random from trial to trial. During each trial in conditions Fig. 2a–f, the stimulus remained until the observer reported whether jitter was visible or not by pressing one of two levers. In these conditions, during a run of trials, seven luminance levels of the target stimulus were sampled ten times. Each data point in Fig. 3 and in Fig. 4a–f is the mean of four runs. In the flicker-matching experiment illustrated in Fig. 2f, observers adjusted the luminance flicker frequency of peripheral dots in 5 Hz steps. Note that this sine-wave luminance function was sampled at the monitor refresh rate, 100 Hz. The physical stimulus depicted in Fig. 2g contained four red dots, with a diameter subtending 28 centred 2.258 of visual angle away from a central fixation point. Equiluminant green bars, with a height of 1.258 and a width of 0.258, were centred within the red dots. The direction of rotation was clockwise and the orientation of the bars was orthogonal to the direction of rotation. LEDs were placed 3.758 eccentrically to the left and right of the central fixation point. Before the peripheral LEDs were shown, it was confirmed that each observer could see illusory jitter of the green bars at each of three physical speeds of rotation. Observers adjusted the rate of sine-wave flicker of the LEDs by adjusting an analogue control on a pulse generator until the rate of flicker seemed to match the rate of the illusory spatial jitter. This was done ten times for each of three stimulus velocities by each observer. Received 3 July; accepted 24 July 2003; doi:10.1038/nature01955. 1. Anstis, S. Footsteps and inchworms: Illusions show that contrast affects apparent speed. Perception 30, 785–794 (2001). 2. Blakemore, M. R. & Snowden, R. J. The effect of contrast upon perceived speed: a general phenomenon? Perception 28, 33–48 (1999). 3. Cavanagh, P., Tyler, C. W. & Favreau, O. E. Perceived velocity of moving chromatic gratings. J. Opt. Soc. Am. A1, 893–899 (1984). 4. Thompson, P. Perceived rate of movement depends on contrast. Vision Res. 22, 377–380 (1982). 5. De Valois, R. L. & De Valois, K. K. Vernier acuity with stationary moving Gabors. Vision Res. 31, 1619–1626 (1991). 6. Nishida, S. & Johnston, A. Influence of motion signals on the perceived position of spatial pattern. Nature 397, 610–612 (1999). 7. Whitney, D. & Cavanagh, P. Motion distorts visual space: shifting the perceived position of remote stationary objects. Nature Neurosci. 3, 954–959 (2000). 8. Nguyen-Tri, D. & Faubert, J. The fluttering-heart illusion: a new hypothesis. Perception 32, 627–634 (2003). 9. Helmholtz, H. Treatise on Physiological Optics (Dover, New York, 1962). 10. von Grunau, M. W. The “fluttering heart” and spatio-temporal characteristics of color processing III. Interactions between the systems of the rods and the long-wavelength cones. Vision Res. 16, 397–401 (1976). 11. Bridgeman, B. & Stark, L. Ocular proprioception and efference copy in registering visual direction. Vision Res. 31, 1903–1913 (1991). 12. Sherrington, C. S. Observations on the sensual role of the proprioceptive nerve supply of the extrinsic ocular muscles. Brain 41, 332–343 (1918). 13. Wiesel, T. N. & Hubel, D. H. Spatial and chromatic interactions in the lateral geniculate body of the rhesus monkey. J. Neurophysiol. 29, 1115–1116 (1966). 14. Campbell, F. W., Robson, J. G. & Westheimer, G. Fluctuations of accommodation under steady viewing. J. Physiol. (Lond.) 145, 579–594 (1959).
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Place cells of the rodent hippocampus constitute one of the most striking examples of a correlation between neuronal activity and complex behaviour in mammals1,2. These cells increase their firing rates when the animal traverses specific regions of its surroundings, providing a context-dependent map of the environment3–5. Neuroimaging studies implicate the hippocampus and the parahippocampal region in human navigation6–8. However, these regions also respond selectively to visual stimuli9–13. It thus remains unclear whether rodent place coding has a homologue in humans or whether human navigation is driven by a different, visually based neural mechanism. We directly recorded from 317 neurons in the human medial temporal and frontal lobes while subjects explored and navigated a virtual town. Here we present evidence for a neural code of human spatial navigation based on cells that respond at specific spatial locations and cells that respond to views of landmarks. The former are present primarily in the hippocampus, and the latter in the parahippocampal region. Cells throughout the frontal and temporal lobes responded to the subjects’ navigational goals and to conjunctions of place, goal and view. Responses of single neurons were recorded in seven subjects who were patients with pharmacologically intractable epilepsy undergoing invasive monitoring with intracranial electrodes to identify the seizure focus for potential surgical treatment (see Methods). Subjects played a taxi driver computer game in which they explored a virtual town, searching for passengers who appeared in random spatial locations and delivering them to fixed target locations (shops, Fig. 1a, b). Before exploring the town, recordings were
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letters to nature made while subjects viewed shop fronts they would later see during the game (Fig. 1c–e). This provided a control for any cellular responses that might be observed based solely on object perception (see Methods). We recorded from 317 neurons: 67 cells in the hippocampus, 54 in the parahippocampal region, 111 in the amygdala, and 85 in the frontal lobes (see Methods). To determine the nature of cellular responses during spatial navigation, we compared spike rates as a function of the subject’s location in the virtual town (place), the object they viewed (view), and their shop or passenger goal. An analysis of variance for each cell across these three factors revealed that 42% of cells responded significantly (P , 0.05) to some aspect of the spatial environment, as revealed by a main effect of one or more of the three factors: 26% responded to place, 12% responded to view, and 21% responded to goal. Sixteen per cent of cells showed interaction effects only. To ensure that view responses did not simply reflect perception of objects outside their spatial context, we compared the neural responses to shop fronts viewed prior to navigation. Only 2% of cells (less than the Type I error rate) responded preferentially to specific shop images, suggesting that these responses could not account for the effect of view on firing rate during spatial navigation. The observation that cells can respond to both place and view raises the question of whether place-responsive cells are in fact coding for place itself, or whether these cells are responding to a subject’s view of a given region in our virtual town. The existence of bona fide place cells would require, at a minimum, that these cells do not also respond to view or to conjunctions of place and view. We therefore asked whether the number of cells responding to place but not view were present above the Type I error rate and in what regions these responses were clustered. Among all cells recorded, 11% fulfilled the criteria for bona fide place selectivity (31 out of 279). Figure 2a illustrates this place selectivity for a cell in the right hippocampus. Place-responsive cells were significantly more prevalent in the hippocampus (24% of cells in the hippocampus were bona fide place responsive cells) than in the frontal lobes, the parahippocampal region and the amygdala (x 2(3) ¼ 11.3, P , 0.01; Fig. 2b). The locations of place fields in place-responsive cells were determined using a spike-shuffling



Figure 1 Taxi driver game. a, An example of a view seen as a subject navigated through a randomly generated town. Each town contained three labelled, target shops chosen randomly from a pool of 20 possibilities, and 6 unlabelled, non-target buildings chosen from a pool of 48 possibilities. b, An example of one particular spatial layout is shown with the corresponding shops (c–e) searched for during navigation. NATURE | VOL 425 | 11 SEPTEMBER 2003 | www.nature.com/nature



method to locate regions of high firing rate that exceeded background. Place-responsive cells had a mean of 1.7 non-contiguous place fields, and place fields showed a mean increase in firing rate of 74% compared with the rate outside of the field. As can be seen in representative examples (Fig. 2a and Supplementary Fig. 3), place fields usually occurred in regions that were frequently traversed and showed robust increases in firing rate compared with background. To determine whether the place responses of our cells were direction-dependent, we compared the normalized firing rate in place fields that were traversed in one direction with the opposite direction across all 33 hippocampal place fields (traversals were selected based on the highest numbers of crossings). The mean of the distribution of firing-rate differences did not differ from zero (t(32) ¼ 0.32, P ¼ 0.70) and the distribution (Fig. 2c) did not deviate from normality (x 2(9) ¼ 0.88, P ¼ 0.99), suggesting that there was no directional tendency across the population of hippocampal neurons (if the place responses we recorded were unidirectional, the distribution of differences in firing rates would have been different from zero). We further analysed place-responsive neurons to determine whether they were modulated by the subject’s



Figure 2 Place-responsive cells. a, Firing-rate map of a right hippocampal cell showing significant place selectivity. Letters (SA,SB,SC) indicate shop locations, white boxes indicate non-target buildings, grey boxes indicate unoccupied areas, red lines indicate the subject’s trajectory, and black squares indicate regions of significantly high firing rate (all examples, P , 0.01; see Methods). b, Place-responsive cells were clustered in the hippocampus (H) compared with amygdala (A), parahippocampal region (PR) and frontal lobes (FR). c, Regions of high firing included high numbers of traversals in different directions. The distribution of firing-rate differences across these traversals was centred on zero and normal. d, Firing-rate map of a right hippocampal cell showing significant place selectivity when searching for shop SC, but no such specificity when searching for other goals (e, areas with ,2 traversals were excluded). f, This cell similarly showed no effect of viewing specific targets (P indicates viewing passengers; N indicates a control background view).
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letters to nature goal. Twenty-six per cent of place-responsive cells had place £ goal interaction effects (8 of 31 cells) and fired in different spatial locations depending on the subject’s goal; Fig. 2d, e illustrates the response of a goal-modulated place cell recorded from the right hippocampus. When shop SC was the goal (Fig. 2d), the cell showed clear place-selective responses compared with when shop SC was not the goal (Fig. 2e). Whereas the cell was strongly modulated by place and goal, it was not modulated by view (Fig. 2f). Eighty-eight per cent of view cells (29 out of 33) responded preferentially to a single object during navigation (such as a specific shop or passenger, Fig. 3a). Twenty-four view cells were responsive to a specific shop, and among these cells, 14 were locationindependent (that is, they showed no place £ view interaction effect and they exhibited a high firing rate in many of the locations where the shop was viewed, Fig. 3b, c). Location-independent viewresponsive cells were significantly clustered in the parahippocampal region (Fig. 3f, x 2(3) ¼ 11.3, P , 0.01), where they comprised 7 out of 10 view-responsive cells. Fifteen view cells across anatomical regions (only three of which were in the parahippocampal region) also exhibited place £ view interaction effects. These locationdependent view-responsive cells increased their firing rate when specific shops were viewed from certain spatial locations (Fig. 3d, e).



Figure 3 View-responsive cells. a, Mean firing rate for a right parahippocampal cell that responded to viewing SA (as compared with other shops, passengers and control views). The firing rate to viewing SA (but not other targets) increased significantly when SA was the goal (white bar). b, Firing-rate map shows that this cell responded to viewing SA from disparate regions; grey regions indicate that SA was not viewed. c, When searching for SA, the firing rate was consistently high whenever it was viewed. d, Firing-rate map of a view-responsive cell in the left amygdala. This cell’s activity was modulated by the subject’s position; it fired most strongly when SC was viewed from the town corner nearest to SB, but not from other spatial positions, and e, not when other objects were viewed. f, Per cent of location-independent view cells across brain regions. Blue bars, responses to shops; total bar height, responses to all goals (shops and passengers). 186



Location-dependent view-responsive cells were not clustered by anatomical region. Twenty-one per cent of cells (59 out of 279) responded to the subjects’ goal (that is, one of the target shops (Fig. 4a) or passengers (Fig. 4b)). Although we recorded a smaller percentage of goalresponsive cells in the amygdala than in other regions, this effect was not statistically significant (x 2(3) ¼ 6.7, P ¼ 0.1). Goal cells with no main effects of place fired robustly regardless of spatial position (Supplementary Fig. 2a, b). Fifteen per cent of goal-responsive cells also showed view £ goal interaction effects. These cells increased their firing rate during viewing depending on whether or not the shop was a goal (Fig. 4d and Supplementary Fig. 2d); the majority of these view-dependent goal cells (77%) responded to shops and not to passengers. The anatomical distribution of place- and view-responsive cells reveal a dissociation between the hippocampus and the parahippocampal region, with the hippocampus specialized for place and the parahippocampal region specialized for view (x 2 (1) ¼ 10.5, P , 0.005). This finding, together with functional magnetic resonance imaging (fMRI) studies showing that viewing spatial layouts preferentially activates the parahippocampal region9, suggests that the hippocampus and parahippocampal region perform complementary functions during navigation. Although an extensive literature for the rat supports the role of the hippocampus in spatial coding, as do studies in humans8, single-unit recordings in primates suggest that the hippocampus responds to spatial views during navigation14 while the parahippocampal region responds to head direction15. Because of our experimental design, we are unable to adequately address bearing responses (see Methods), although we note that hippocampal responses to spatial locations have also been observed in primates during virtual and real spatial translocations16. The presence of place–goal conjunctive cells in the hippocampus may indicate its role in associating goal-related contextual inputs with place, as has been noted in rats during spatial “remapping”4,5,17.



Figure 4 Goal-responsive cells. a, Mean firing rate for a right hippocampal cell that responded when seeking passengers (P) and b, for a different right hippocampal cell that responded when seeking SA. c, Goal-responsive cells were not significantly clustered by anatomical region. Some goal-responsive cells modulated their firing rate based on what was being viewed, such as this cell in the right amygdala (d), which responded preferentially when the goal (shop SB) was in view. This panel shows firing rates for all combinations of shop being viewed and shop being sought; view £ goal conjunctive cells were not clustered by anatomical region.
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letters to nature Location-dependent and goal-dependent view responses, in contrast, may support navigational strategies that require viewdependent, egocentric representations of space. Goal-dependent view responses may provide information on the progress and success in locating a goal, whereas location-dependent view responses could be useful in planning trajectories to visible goals. We observed some location-dependent view-responsive cells in the parahippocampal region (30% of view cells), although a greater number were location-independent (70% of view cells). It is intriguing to consider the possibility that projections from the hippocampus to the parahippocampal region may have a role in producing view-independent representations of landmarks in spatial scenes9,10. Our dissociation of parahippocampal and hippocampal function, together with the data discussed above, provide cellular evidence for an emerging model18 of the physiological basis of human spatial navigation. In this model, the parahippocampal region extracts allocentric spatial information primarily from salient visual landmarks to form a coarse representation of space19,20. The hippocampus combines visual and spatial features, possibly via inputs from the parahippocampal region, with context to compute the flexible map-like representations of space underlying navigation21,22. A



Methods Behavioral methods Subjects navigated using the arrow keys on a computer keyboard; when moving, velocity was constant. Virtual towns consisted of six unlabelled, non-target buildings and three labelled, target shops (Fig. 1b). During a single session, subjects made seven deliveries of passengers to each target shop in a random order. Passengers were ‘picked up’ by driving near them; text then appeared instructing subjects as to which shop the passenger should be delivered. A small box of text in the corner of the screen reminded the subject of their goal. Each delivery began from the random position where the passenger was picked up. Upon delivery of the passenger to a fixed-location shop (accomplished by driving into it), subjects were told whether they had found the correct shop (subjects also received ‘virtual’ payment for delivering passengers). A text instructed subjects to find another passenger, and subjects explored the city until they located another passenger, at which point the cycle began again. Shops and passengers looked the same from all viewing angles; shops were identified by highly visible names (see ref. 23 for further details concerning the taxi driver game).



Patient data and electrophysiology Six (of seven) patients were right-handed, two were female; one patient had right temporal-lobe epilepsy, one had left frontal-lobe epilepsy; all others had left temporal-lobe epilepsy (Supplementary Table 1). Each patient had between 6 and 14 depth electrodes implanted bilaterally from a lateral orthogonal approach (surgeries were performed by I.F.). Each of these clinical electrodes terminated with a set of nine 40-mm platinum– iridium microwires. Signals from these microwires were recorded at 28 kHz and bandpassfiltered between 0.6 and 6 kHz using a 64-channel acquisition system (Neuralynx). Responses of individual cells were isolated based upon the distribution of inter-spike intervals and parameters of the spike waveforms (Supplementary Fig. 1, MClust, developed by A. D. Redish and K. Harris, http://www.cbc.umn.edu/~redish/mclust). MRI scans following placement of electrodes, or post-placement computed tomography scans coregistered to preoperative MRI scans, were used to verify the anatomical location of the electrodes (Supplementary Fig. 1a; see also refs 12, 24, 25). All patients provided informed consent. All studies conformed with the guidelines of the Medical Institutional Review Board at UCLA. The 85 cells in the frontal lobes consisted of cells in anterior cingulate, orbital frontal cortex and in supplementary motor cortex. We use the term ‘parahippocampal region’, as defined by Witter26, to include pre- and para-subiculum, entorhinal and perirhinal cortices and parahippocampal cortex. Cells with firing rates above 15 Hz were considered to be interneurons and were excluded (6); cells with less than 0.1 Hz firing rate were similarly excluded (32); this left a total of 279 cells for analysis.



Data analysis Spike counts during different epochs of the taxi driver game were compared using a place (49) £ view (5) £ goal (4) analysis of variance. The place factor could take on one of 49 values representing a 7 £ 7 grid overlaid on each virtual town. The view factor coded for times when subjects viewed shops SA, SB or SC, passenger (P), or background (N). The goal factor coded for times when subjects searched for SA, SB, SC, P (see Supplementary Table 2 for analysis of variance results). Periods when the subject remained stationary in the game for .500 ms were excluded. Spike-by-position plots were determined by dividing the number of spikes that occurred in a spatial region by the total time spent in that region2. Significant ‘place fields’ were identified by shuffling the spike train randomly and locating firing rates that exceeded 95% of all shuffled spike train firing rates for that region26; all cells identified as place-responsive in our analysis also showed one or more place fields using the spike-shuffling method. NATURE | VOL 425 | 11 SEPTEMBER 2003 | www.nature.com/nature



Areas occupied for less than 5 s were not considered, and nor were areas with less than two passes. The view analysis was performed by calculating what the subject was viewing (SA, SB, SC, P,N) every 30 ms. We included only viewing epochs when more than 70% of an object was visible for at least 500 ms; no other objects could be simultaneously visible. The spike train was then restricted to these times to calculate the firing rate while viewing objects during navigation. To ensure that cellular responses during navigation were not the result of seizure activity, the responses and firing rates of neurons were compared after excluding all cells from areas of seizure focus: this did not affect cellular responses to place, view and goal (x 2(1) ¼ 2.5, P . 0.1), nor firing rate (x 2(1) ¼ 0.1, P . 0.1). Received 24 March; accepted 17 July 2003; doi:10.1038/nature01964. 1. O’Keefe, J. & Dostrovsky, J. The hippocampus as a spatial map. Preliminary evidence from unit activity in the freely-moving rat. Brain Res. 34, 171–175 (1971). 2. Muller, R. U., Kubie, J. L. & Ranck, J. B. Spatial firing patterns of hippocampal complex-spike cells in a fixed environment. J. Neurosci. 7, 1935–1950 (1987). 3. O’Keefe, J. & Conway, D. H. Hippocampal place units in the freely moving rat: why they fire where they fire. Exp. Brain Res. 31, 573–590 (1978). 4. Muller, R. U. & Kubie, J. L. The effects of changes in the environment on the spatial firing of hippocampal complex-spike cells. J. Neurosci. 7, 1951–1968 (1987). 5. Wilson, M. A. & McNaughton, B. L. Dynamics of the hippocampal ensemble code for space. Science 261, 1055–1058 (1993). 6. Aguirre, G. K., Detre, J. A., Alsop, D. C. & D’Esposito, M. The parahippocampus subserves topographical learning in man. Cereb. Cortex 6, 823–829 (1998). 7. Aguirre, G. K., Zarahn, E. & D’Esposito, M. An area within human ventral cortex sensitive to “building” stimuli: evidence and implications. Neuron 21, 373–383 (1996). 8. Maguire, E. et al. Knowing where and getting there: a human navigation network. Science 280, 921–924 (1998). 9. Epstein, R. & Kanwisher, N. A cortical representation of the local visual environment. Nature 392, 598–601 (1998). 10. Epstein, R., Graham, K. & Downing, P. E. Viewpoint specific scene representations in human parahippocampal cortex. Neuron 37, 865–876 (2003). 11. Kreiman, G., Koch, C. & Fried, I. Category-specific visual responses of single neurons in the human medial temporal lobe. Nature Neurosci. 3, 946–953 (2000). 12. Cameron, K. A., Yashar, S., Wilson, C. L. & Fried, I. Human hippocampal neurons predict how well word pairs will be remembered. Neuron 30, 289–298 (2001). 13. Ojemann, G., Schoenfield-McNeill, J. & Corina, D. Anatomic subdivisions in human temporal cortical neuronal activity related to recent verbal memory. Nature Neurosci. 5, 64–71 (2002). 14. Georges-Francois, P., Rolls, E. T. & Robertson, R. G. Spatial view cells in the primate hippocampus: allocentric view not head direction or eye position or place. Cereb. Cortex 9, 197–212 (1999). 15. Robertson, R. G., Rolls, E. T. & Georges-Francios, P. Head-direction cells in the primate presubiculum. Hippocampus 9, 206–219 (1999). 16. Matsumura, N., Nishijo, H., Tamura, R., Eifuku, S. & Ono, T. Spatial- and task-dependent neuronal responses during real and virtual translocation in the monkey hippocampal formation. J. Neurosci. 19, 2381–2393 (1999). 17. Markus, E. J. et al. Interactions between location and task affect the spatial and directional firing of hippocampal neurons. J. Neurosci. 15, 7079–7094 (1995). 18. Burgess, N., Maguire, E. & O’Keefe, J. The human hippocampus and spatial and episodic memory. Neuron 35, 625–641 (2002). 19. Quirk, G. J., Muller, R. U., Kubie, J. L. & Ranck, J. B. The positional firing properties of medial entorhinal neurons: description and comparison with hippocampal place cells. J. Neurosci. 12, 1945–1963 (1992). 20. Frank, L. M., Brown, E. N. & Wilson, M. A. Trajectory encoding in the hippocampus and entorhinal cortex. Neuron 27, 169–178 (2000). 21. Tolman, E. C. Cognitive maps in rats and men. Psych. Rev. 55, 189–208 (1948). 22. O’Keefe, J. & Nadel, L. The Hippocampus as a Cognitive Map (Oxford Univ. Press, Oxford, 1978). 23. Caplan, J. B. et al. Human theta oscillations related to sensorimotor integration and spatial learning. J. Neurosci. 23, 4726–4736 (2003). 24. Fried, I. et al. Cerebral microdialysis combined with single-neuron and electroencephalographic recording in neurosurgical patients. Technical note. J. Neurosurg. 91, 697–705 (1999). 25. Fried, I., MacDonald, K. & Wilson, C. L. Single neuron activity in human hippocampus and amygdala during recognition of faces and objects. Neuron 18, 753–765 (1997). 26. Witter, M. in The Parahippocampal Region: Organization and Role in Cognitive Functions (eds Witter, M. & Wouterlood, F.) 3–19 (Oxford Univ. Press, Oxford, 2002). 27. Skaggs, W. E., McNaughton, B. L., Gothard, K. M. & Markus, E. J. in Advances in Neural Information Processing Systems (eds Hanson, S. J., Cowan, J. D. & Giles, C. L.) 1030–1037 (Morgan-Kaufman, San Mateo, California, 1993).



Supplementary Information accompanies the paper on www.nature.com/nature. Acknowledgements We acknowledge support from NIMH grants to Brandeis University, a NINDS grant to UCLA, and a grant from the Sloan Foundation. We also thank P. Steinmetz, C. Wilson and E. Behnke for technical assistance, and I. Wainwright for editorial assistance. Competing interests statement The authors declare that they have no competing financial interests. Correspondence and requests for materials should be addressed to M.J.K. ([email protected]) or I.F. ([email protected]).



© 2003 Nature Publishing Group



187



























des documents recommandant







[image: alt]





Merriam (2003) Spatial updating in human parietal 

Jul 17, 2003 - ware (http://www.cortex.salk.edu/) running on a PC. Visual stimuli ..... Integration in Perception and Communication, T. Inui, and J.L. comparing ...










 


[image: alt]





umts cellular mobile networks - IEEE Xplore 

INTRODUCTION. The fourth generation (4G) of mobile communi- cations tends to mean different things to differ- ent people: for some it is merely a new.










 


[image: alt]





Spatial Waves in Synthetic Biochemical Networks - CNRS 

Apr 10, 2013 - universal processes that underlie pattern formation in biology. Second, learning .... as follows: N hybridizes to the 3â€² end of G to form the complex. G:N, which is ..... Notes. The authors declare no competing financial interest.










 


[image: alt]





Brain networks of spatial awareness: Evidence 

Nov 8, 2007 - right-handed patients with right-hemisphere strokes were submitted to a ... matter; BG, basal ganglia; CR, corona radiata; LE, left extinction; LH, ...










 


[image: alt]





Park (2003) Spatial localization precedes temporal 

immediately after the saccade (Park, Lee, & Lee, 2001). Before saccades, visual perception undergoes another kind of modulation: the apparent position of an ...










 


[image: alt]





Arnold (2003) Motion-induced spatial conflict 

Trivers, R. L. in Sexual Selection and the Descent of Man 1871â€“1971 (ed. ... Smith, K., Alberts, S. C. & Altmann, J. Wild female baboons bias their social ...










 


[image: alt]





Muggleton (2003) Human frontal eye fields and 

and TMS conditions and the time-course of a trial are illustrated in. Fig. 1. .... Brainsight TMS-MRI co-registration system (Rogue Research, Montreal, Can- ada).










 


[image: alt]





How does horizontal and vertical navigation influence spatial memory 

Dec 13, 2012 - Guillaume Thibault & Achille Pasqualotto & Manuel Vidal &. Jacques .... a 3-D environment although this representation is probably oriented ...










 


[image: alt]





Cellular Automata 

Jan 25, 2005 - Game of Life â€“ Developed by John ... Elementary Cellular Automaton. â€¢ Nesting. â€¢ Rule 90 .... Although the behavior of most of these rule sets.










 


[image: alt]





Loomis (1999) Human navigation by path ... - Mark Wexler 

for terrestrial organisms and vehicles, course and heading are often decou- pled by skidding .... Radio navigation, including the use of global positioning systems (GPS), ..... Subject trajectories were measured with a video tracking system. Figure 5










 


[image: alt]





TopoPlan: A topological path planner for real time human navigation 

9 oct. 2017 - Publisher conditions are provided by RoMEO. Differing provisions from the publisher's actual policy or licence agreement may be applicable.










 


[image: alt]





Spectral Vs Spatial Coding for Non-Linear Neural Networks 

... we compare the advantage of providing an artificial neural network with spectral ... Dailey, Cottrell, Padgett & Ralph [4] used convolution of. Gabor wavelets at ...










 


[image: alt]





brain networks of spatial awareness: evidence from ... - CiteSeerX 

(IFOF), a pathway running in the depth of the temporal lobe, not hitherto associated with neglect. ..... We thank the patients for their cooperation and the staff of BrainVISA software. (www.brainvisa.info) for technical support for image analysis.










 


[image: alt]





Neural mechanisms underlying sex-specific 

Neural mechanisms underlying sex-specific behaviors in vertebrates. Catherine Dulac and Tali Kimchi. From invertebrates to humans, males and females of a ...










 


[image: alt]





Hierarchy of cortical responses underlying 

Jul 15, 2007 - tudes measured when observers perceived the waves (Table 1). Although it may .... that the curves are periodic because each trial began 9 s ...










 


[image: alt]





NAVIGATION LOG 

USE WITH ATR 72-212A (PW 127F). 21 T. CRUISE TO ALTERNATES: MINIMUM TIME - TWO ENGINES - ISA - NO ICING. FLIGHT: ..... CREW : â€¦â€¦â€¦â€¦./â€¦










 


[image: alt]





April Navigation 

â€œApril Navigationâ€�. ProcÃ¨s verbal. Le polyvalent a marchÃ© sur la queue du chat du bord : le chat l'a mordu. Compte-rendu du charpentier au bosco. Le polyvalent ...










 


[image: alt]





NAVIGATION LOG 

TAS: 271. FF/ENG: 359. ISA: -21. TOD: 55. IAS: 209. FU/NM: 2,6. âˆ† ISA: ...... ETP: 86 NM - 6 NM BEFORE THRED - MEAN EFFECTIVE WIND = 0 kts. LEGS: WPT.










 


[image: alt]





PORTABLE CELLULAR TELEPHONE Manual 

Aug 7, 2002 - Manual. PORTABLE CELLULAR TELEPHONE. CONTENTS. 1. Exploded Views and Parts List. 2. Electrical Parts List. 3. Block Diagram. 4.










 


[image: alt]





cdma portable cellular telephone 

363. 835.890MHz. 20. 779. 848.370MHz. MSC Receiver Frequency. FA NO. CH. NO. CENTER ..... (U123) to output 5.0V. This in turn will be sup- plied to pin 6 of ...










 


[image: alt]





Medendorp (2002) Rotational remapping in human spatial memory 

Rotational Remapping in Human Spatial Memory during Eye and. Head Motion ... below), but these coordinates become obsolete as soon as the eyes move. ..... Israel I, Berthoz A (1989) Contribution of the otoliths to the calculation of linear ...










 


[image: alt]





chenal de navigation navigation channel 

SIGNALISATION /. SIGNAL LIGHTS. LEAMY LAKE PARKWAY. HU 18. LAC DE LA CARRIÃˆRE. PROMENADE DU LAC-LEAMY. AUTOROUTE 50. HIGHWAY 50.










 


[image: alt]





with Cellular Automata 

are inevitably borderline cases which get assigned to one class by one definition and ... A single cell (Line 1, black dot) is changed in init. conds. Black dots= all ...










 


[image: alt]





CDMA Portable Cellular Telephone 

Â¶UIS-126 : Mobile Station Loopback Service Options Standard. SCH-470 ..... When the main board of a customer's cellular phone is .... (U101)'s internal vocoder.










 














×
Report Ekstrom (2003) Cellular networks underlying human spatial navigation





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



