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Motor Cortical Activity in a Context-Recall Task Giuseppe Pellizzer, Patricia Sargent,* Apostolos P. Georgopoulost A monkey was trained to respond on the basis of the serial position of a test stimulus in a sequence. First, three stimuli were presented successively on a circle. Then one of them (except the last) changed color (test stimulus) and served as the go signal: The monkey was required to produce a motor response in the direction of the stimulus that followed the test stimulus. When the test stimulus was the second in the sequence, there was a change in motor cortical activity from a pattern reflecting the direction of this stimulus to the pattern associated with the direction of the motor response. This change was abrupt, occurred 100 to 150 milliseconds after the go signal, and was evident both in the activity of single cells and in the time-varying neuronal population vector. These findings identify the neural correlates of a switching process that is different from a mental rotation described previously.



The elucidation of the neural mechanisms underlying cognitive processing is a basic goal of behavioral neuroscience (1). The recording of the activity of single cells in



the brains of behaving animals has provided a powerful tool by which these mechanisms can be studied. In a previous study (2, 3), we identified the neural correlates of a men-



Fig. 1. Schematic diagram of two trials of the tasks used. In the control task (top), the yellow stimulus S changed to blue after 400 ms, which gave the go signal. The correct motor response was in the direction of this stimulus. In the context-recall task (bottom), three yellow stimuli (S1, S2, and S3) were presented sequentially at 400-ms intervals and stayed on the screen; these stimuli defined the sequence for this trial. In this trial, S2 changed to blue, which now dictated a motor response toward S3.



Covalently closed circular DNA containing an AP site whose 5' phosphate was prelabeled with 32P was constructed with oligonucleotides 5'-GATCCCCGGG-3' and 5'-32P-UACCGAGCTCG-3' and the Bam HI-, Eco RI-digested pBS- (Stratagene, La Jolla, CA) as in (6). 25. S.-M. Hadi and D. A. Goldthwait, Biochemistry 10,
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tal rotation process as the orderly rotation of the neuronal population vector (4) from a stimulus to a movement direction, through successive directions within a specified angle. This rotation exemplified the spatial rule operating in the mental rotation task, which required the production of a movement at an angle from a stimulus direction. In the present study, we sought instead to determine the neural correlates of a cognitive process, the rule of which was based not on a spatial constraint but on the serial position of stimuli in a sequence: Given an arbitrary sequence of stimuli on a circle, one of which was identified as the test stimulus, the motor response had to be Brain Sciences Center, Veterans Affairs Medical Center, Minneapolis, MN 55417, USA, and Departments of Physiology and Neurology, University of Minnesota Medical School, Minneapolis, MN 55455, USA. *Present address: Department of Psychology, St. Olaf College, 1520 St. Olaf Avenue, Northfield, MN 55057, USA. tTo whom correspondence should be addressed.
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toward the stimulus that followed the test stimulus in the sequence. This task is a visuomotor version (5, 6) of the contextrecall memory scanning task (7). Previous psychophysical studies (6) have suggested that the processing mechanisms differ between the mental rotation and contextrecall tasks. In order to determine the neural mechanisms in the latter task, we recorded the activity of single cells in the motor cortex of a monkey trained to perform a context-recall and a control, instructed delay task (8). Moreover, we reanControl task
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alyzed the neural data from the mental rotation study (3) to compare them with those obtained in the present study. In the control task (Fig. 1, top panel), a yellow stimulus was presented in one of eight positions on a circle and stayed on for 400 ms, after which it turned blue. This provided the go signal for the monkey to exert a force pulse such that the force feedback cursor (8) exceeded a certain threshold (9). In the context-recall task (Fig. 1, bottom panel), three yellow stimuli (list stimuli) were presented successively (every 400 ms) at different positions on the circle and stayed on the screen. After an additional 400 ms, one of these stimuli (except the last) turned blue. This identified the test stimulus, and provided the go signal: Now the monkey had to move the cursor in the direction of the stimulus that followed the test stimulus in the sequence (10). The activity of 544 single cells in the motor cortex was recorded while the monkey performed these two tasks (11). The impulse activity of a cell for the eight directions in the control task is shown in Fig. 2. This cell was mostly activated with a downward direction and therefore provided a good marker for that direction. This marker was in turn used as an indicator of the directional information processed during the response time (9) in the context-recall task. Cell activity during two conditions of this task are illustrated in the left and right panels of Fig. 3. In both conditions, the motor responses were in the same downward direction and the test stimuli (blue) were in the same location (up and to the left). However, these stimuli differed in their serial position in the sequence, which provided the meaningful information for correct performance of the task; namely, in the left panel the test stimulus was the first stimulus (S1) in the sequence, whereas in the right panel the test stimulus was the second stimulus (S2) in the sequence. This difference in the serial position of the test stimuli, and the associated motor responses, was reflected in the different patterns of cell activity during the response time. In the left



panel of Fig. 3, the cell was activated almost at the onset of the go signal (12), and its activation indicated the downward direction, toward S2. This suggests that the monkey anticipated and prepared for such a response, which was the appropriate one in this case. In contrast, in the right panel, this activation did not occur until later in the response time, which indicates that the monkey did not anticipate this direction initially but switched to it 100 to 150 ms after the go signal. Fig. 4 illustrates data from another cell. These effects were routinely observed in other cells. This switching process was visualized at the ensemble level with the use of the neuronal population vector, computed as a time-varying signal (2, 3, 13). When the response anticipated did not have to change, the population vector pointed in the appropriate direction throughout the response time. In contrast, when the response had to be changed, the population vector changed direction abruptly, from the direction of the test stimulus to the direction of the motor response (14). The use in this study of the patterns of single-cell activity as markers for behavior is similar to the strategy followed by other investigators (15). This approach, together with the population vector, indicated that task constraints were reflected in the neural events and provided evidence for the kind of process involved in the selection of the appropriate motor response. For example, a significant task constraint was that the second stimulus, unlike the first or the third, played a role in every trial by being either the test stimulus or the response direction. Therefore, it is not surprising that it was routinely anticipated at the onset of the response time (16). On the other hand, these patterns of neural activity reflecting the direction of the second stimulus changed abruptly to those appropriate for the motor response. This change was evident at both the single-cell and the neuronal population levels (17). The abrupt change in the direction of the neuronal population vector observed in
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the appearance of the stimulus (S or Si) and end when the cursor exceeded a threshold (9). The times of occurrence of the stimuli (5), of the go signal (Go) and the average time of the onset of the motor response (R) are shown as long vertical lines. (The standard deviation of the response time is indicated by a horizontal bar over R.) The Go-R time is the response time.
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the present study is quite different from the slow rotation observed in a previous study of mental rotation (2, 3, 18). Additional evidence for the different nature of the two neural processes was provided by the following analysis. The idea is that in a rotation process, the set of cells with preferred directions in the intermediate direction between the stimulus and response directions should



change activity during the response time. In contrast, a switching operation such as pos-



tulated for the context-recall task should not involve the activation of cells in directions intermediate between the test stimulus (S2) and motor response (S3). Indeed, this was observed (Fig. 5). It seems then that the time taken to derive the motor direction in the mental rotation task re-
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fleets a transformation, whereas the time



taken in the context-recall task reflects a selection process. Finally, it should be noted that these studies provide an insight into the neural mechanisms of these processes in a particular brain area, namely the motor cortex, but it is obvious that other brain areas are likely to be involved. Additional experiments are needed to delineate the identification of such areas and elucidate their relative contributions to the performance of the task.



O O 0S3 S1 Si



REFERENCES AND NOTES



S3



1. See, for example, S. M. Kosslyn and R. A. Andersen, Eds., Frontiers in Cognitive Neuroscience (MIT Press, Cambridge, MA, 1992); M. S. Gazzaniga, Ed., The Cognitive Neurosciences (MIT Press, Cam-



bridge, MA, 1995). Georgopoulos, J. T. Lurito, M. Petrides, A. B. Schwartz, J. T. Massey, Science 243, 234 (1989). J. T. Lurito, T. Georgakopoulos, A. P. Georgopoulos, Exp. Brain Res. 87, 562 (1991). A. P. Georgopoulos, A. B. Schwartz, R. E. Kettner, Science 233, 1416 (1986); A. P. Georgopoulos, M. Taira, A. Lukashin, ibid. 260, 47 (1993). A. P. Georgopoulos and J. T. Lurito, Exp. Brain Res. 83, 453 (1991). G. Pellizzer and A. P. Georgopoulos, ibid. 93, 165 (1993). S. Sternberg, Science 153, 652 (1966); Am. Sci. 57, 421 (1969); Q. J. Exp. Psychol. 27, 1 (1975). The monkey was trained to exert a force pulse on a two-dimensional semi-isometric handle in eight different directions (at 45° intervals). The manipulandum was a vertical rigid metal rod with a disc attached to the top, which was placed in front of the animal in the midsagittal plane and which the animal grasped with the hand pronated. A net force feedback cursor was displayed on a monitor in front of the monkey. This cursor was deflected constantly downward to simulate a bias force of 54 g of force and reflected, at any given moment, the net force: that is, the vector sum of this simulated force and the force exerted by the animal on the manipulandum. At the beginning of the trial, a white stimulus appeared in the center of the screen, and the monkey had to place the force feedback cursor on the center stimulus by exerting 54 g of force in the upward direction and then keep it there within a circular window with a radius of 54 g of force. After 1 s (center hold period), one (control task) or three (context-recall task) yellow stimuli were presented in different directions on a circle with a radius of 270 g of force. During the presentation of the stimuli, the force feedback cursor had to stay within the central window. The order of the tasks for each recording session was the same, with the instructed delay task being performed first. The response was considered correct if the threshold of 270 g of force was exceeded and the direction of the force pulse stayed within +22.5° from the ideal direction, from the center to the stimulus. The monkey received a liquid reward after each correct trial. The response time was the time elapsed from the onset of the go signal until the force feedback cursor



2. A. P.



3.



50r



4. u)



e3



5. 6.



a



7.



U)



8.



U



s3/ 0'



Go



I~~~



I



0



~



I



Go



I



400



I



0



400
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Fig. 5. Peristimulus time his-



tograms (bin width, 10 ms) of the activity of cells with



preferred direction at the intermediate direction (±10°) between the stimulus and movement directions in the mental rotation task (2, 3), and between the test stimulus (S2) and motor response (S3) in the context-recall task (20). Histograms start at the onset of the go signal



(time zero). In the mental rotation task, the activity of such cells (thin line) increased by more than three-
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fold and was statistically significant (indicated by asterisks), whereas in the context-recall task cell activity remained almost constant (thick line) and was not statistically significantly different, as compared with cell activity during the first 80 ms (dotted line; baseline period) (21). The arrows indicate the average time (±SD) at which the population vector began to change direction (begin) and when it attained the direction of the motor response (end) (22). 704
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= 336 combinations of three different stimuli selected out of eight. All of these combinations were used during training of the animal in the context-recall task. Because the test stimulus could be the first or the second stimulus (serial position) in a combination, a total of 672 conditions were implemented (336 combinations times two test stimulus serial positions). During neurophysiological recording sessions, only 32 of these conditions were used to allow for five repetitions of the same condition within the time constraints of the experiment. These conditions comprised 16 combinations for each of
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i.".".. the two serial positions of the test stimulus, selected such that (i) there were equal numbers of motor responses for each of the eight directions available; (ii) the angle between the test stimulus and the direction of the motor response in a trial was 90°, 135°, or 180°; (iii) the number of the list stimuli presented was the same for each direction; and (iv) the test stimulus was presented in each direction an equal number of



times. 11. The rate of successful trials was 91% in the control and 85% in the context-recall task. The electrical signs of cell activity were recorded extracellularly with seven independently movable microelectrodes [V. B. Mountcastle, H. J. Reitboeck, G. F. Poggio, M. A. Steinmetz, J. Neurosci. Methods 36, 77 (1991)]. The collection of neural and behavioral data and the control of the experiment were done with the use of a personal computer. The placement of the recording chamber was done aseptically under general pentobarbitol anesthesia (28 mg per kilogram of body weight). All electrode penetrations were within the primary motor cortex and were confined in the anterior bank and crown of the central sulcus, medial to the level of the genu of the arcuate sulcus and



lateral to the precentral dimple. 12. This was due most probably to the fact that the time elapsed from the onset of the first stimulus to the onset of the go signal was constant (at 1200 ms) and therefore allowed the monkey to predict the onset of the go signal. 13. The directional tuning of each cell was computed from the frequency of discharge during the response time in the control task. The preferred direction of the cell corresponded to the direction of the mean resultant [K. V. Mardia, Statistics of Directional Data (Academic Press, New York, 1972)]. The statistical significance of the directional tuning was determined by a nonparametric bootstrapping procedure (1000 resamplings) (3). The cell was considered tuned when its mean resultant exceeded the 95th percentile of the bootstrap distribution. Two hundred twenty-five cells were directionally tuned. For the calculation of the population vector, peristimulus time histograms of counts of fractional interspike intervals (2, 3) were computed (bin width, 10 ms) for each cell and each condition (8) as a measure of the time-varying intensity of cell discharge. A square root transformation was applied to the binned data to stabilize the variance (19). For a given time bin, each cell made a vectorial contribution in its preferred direction and of magnitude equal to the change in cell activity from that observed during 0.5 s preceding the first peripheral stimulus ("control rate"). The population vector P for thejth condition and kth time bin is
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where C, is the preferred direction of the ith cell and



wik is a weighting function



Wk d,,k - ai, square-root transformed discharge rate of the ith cell for thejth condition and kth time bin, and a/ is the similarly transformed control rate of the th cel for thejth condition. 14. The change in the direction of the population vector began 111 + 3.8 ms (mean +± SEM, n = 16 conditions in which S2 was the test stimulus) after the go signal and was completed within a short time (56.9 ±+ 4.4 ms, mean ±+ SEM, n = 16). This time is an overestimate of the time of the switching operation because it incorporates the trial-to-trial variability in =



where dk is the



the time of the switch. 15. L. Chelazzi, E. K. Miller, J. Duncan, R. Desimone, Nature 363, 345 (1993). See also (1). 16. The result of this strategy was reflected in the behavioral response. The response time was faster when the test stimulus was the first stimulus in the sequence (mean ±+ SEM = 250 + 0.61 ms, n = 9112 trials) than when the test stimulus was the second in the sequence (mean + SEM = 281 ±+ 0.62, n 9113 trials); this difference was statistically significant (t test, P < 0.001). 17. In contrast, changes in electromyographic (EMG) activity occurred only shortly before and during the production of the force, which they reflected; they did not reflect the changes in cell activity indicating the switching of directions, such as those illustrated in Figs. 3 and 4. The EMG activity of the following muscles of the upper arm and forearm was recorded with intramuscular, multistranded stainless steel wires [A. B. Schwartz, R. E. Kettner, A. P. Georgopoulos, J. Neurosci. 8, 2913 (1988)]: infraspinatus, =



supraspinatus, trapezius (lower, middle, and upper parts), triceps (medial and lateral heads), anterior deltoid, posterior deltoid, biceps, forearm extensor, paraspinal, and pectoralis. 18. For example, the average time of change of the direction of the population vector for the 90° mental rotation was (mean ± SD) 141.2 ± 43.2 ms [data from table 5 in (3)], as compared with 53.3 ± 11.5 ms and 53.7 + 21.3 ms for the 90° and 135° angles, respectively, between S2 and S3 in the context-recall task. These results show that the time of change was almost three times longer in the mental rotation task and was the same for the 90° and 135° angles



in the context-recall task. This lack of increase with



SCIENCE



*



VOL. 269



*



4 AUGUST 1995



the angle is evidence against a rotation process occurring at a constant rate of angular rotation. It is also interesting that the average duration of change of the direction of the population vector for the 180° angle in the present study was 64.0 ± 13.4 ms and that it was not statistically different (t test) from the values above corresponding to 90° and 135°. 19. G. W. Snedecor and W. G. Cochran, Statistical Methods (Iowa State Univ. Press, Ames, IA, ed. 8,



1989). Histograms are means of counts (converted to impulses/s) from 96 and 134 cases for the mental rotation (3) and context-recall tasks, respectively. (Each case is an average of four to eight repetitions.) For the mental rotation task, the "intermediate" direction bisected the 90° angle between stimulus and response directions, whereas for the context-recall task it bisected the acute angle (90° or 135°) between the S2 and S3 directions. (The data from the 180° angle were not used in this analysis in order to avoid uncertainty in defining the intermediate direction uniquely.) 21. For each task, a total of 30 10-ms bins (= 300 ms) were analyzed; the first 8 bins (baseline period) were used to construct the control distribution against which each one of the distributions of the remaining 22 bins was tested with the Kolmogorov-Smirnov test [one-sample test; J. H. Zar, BiostatisticalAnalysis (Prentice Hall, Englewood Cliffs, NJ, ed. 2, 1984)]. As 22 simultaneous comparisons were made for each task, the nominal probability level of a = 0.05 was adjusted according to the Bonferroni inequality (19) to o' = 0.05/22 - 0.002, so that P < 0.002 was considered statistically significant. The frequency distributions of counts of impulses in the control distribution consisted of 1072 values (8 bins x 134 cases) for the mental rotation task, and 768 values (8 bins x 96 cases) for the context-recall task. The frequency distributions of each one of the remaining 22 bins consisted of 134 and 96 values for the mental rotation and context-recall tasks, respectively (20).



20.



22. The data for the mental rotation task are from table 5 in (3): begin, 137.5 ± 15.8 ms (mean ± SD); end, 278.5 +± 43.6 ms. The data for the context-recall task refer to the angle (90° or 135°) between the S2 and S3 directions: begin, 109.1 ± 17.0 ms; end, 162.7 +± 20.0 ms. 23. Supported by U.S. Public Health Service grant NS17413 and the Department of Veterans Affairs. We thank an anonymous reviewer for suggesting the analysis illustrated in Fig. 5. 29 November 1994; accepted 19 May 1995



705



























des documents recommandant







[image: alt]





Pellizzer (1995) Motor cortical activity in a context-recall task - CiteSeerX 

sity of cell discharge. A square root transformation ... where dk is the square-root transformed discharge .... The data for the mental rotation task are from table 5.










 


[image: alt]





Modeling cortical activity: cortical columns - Adstic 

Apr 11, 2006 - Seminaire ADSTIC, 11 avril 2006. François Grimbert. Gray Matter / White Matter. • Gray matter is a folded sheet of neurons. (thickness: 2-4 mm).










 


[image: alt]





Sensorimotor transformations in cortical motor areas 

Down, Left, Right indicate the direction of movements in space, as defined in Fig. 1. S. Kakei et al. ..... mechanism may play an essential role in M1 and PMv to produce ... Brain Res. 44, 113Ã�/116. Graziano, M.S.A., Hu, X.T., Gross, C.G., 1997.










 


[image: alt]





Motor cortical encoding of serial order in a context 

Oct 27, 2008 - The neural encoding of serial order was studied in the motor cortex of monkeys performing a .... this task, each series of list stimuli was defined uniquely by the .... CS, central sulcus; AS, arcuate sulcus; PCD, precentral dimple.










 


[image: alt]





Crowe (2004) Participation of primary motor cortical neurons in a 

Mar 20, 2004 - local ethics committees. Maze task. A trial began ... Engineering, Seattle, WA, USA) technique in monkey KK (Fuchs and Robinson 1966), and ...










 


[image: alt]





Motor cortical encoding of serial order in a context 

Dec 26, 2006 - M. Dean et al., Science 273, 1856 (1996); M. W.. Smith et al., ibid. 277, 959 (1997); C. Winkler et al., ibid. 279, 389 (1998); M. Martin et al., ibid.










 


[image: alt]





Motor cortical encoding of serial order in a context 

Oct 27, 2008 - For HLA class I typing, genomic DNA was isolated ... primers that amplify a 796â€“base pair fragment from the third ... HLA class I polymerase.










 


[image: alt]





Task-dependent constraints in motor control 

these vertical and horizontal movements should stay fairly close to the Donders' surface of the head (Glenn and Vilis, 1992;. Crawford et al., 1999). Indeed, when ...










 


[image: alt]





Task-dependent constraints in motor control 

In the 19th century, Donders observed that only one three- dimensional eye orientation is used for each gaze direction. Listing's law further specifies that the full ...










 


[image: alt]





Task-dependent constraints in motor control 

Ten subjects (six female, four male; aged 23â€“44; without known eye or ...... A task mode input sets the internal parameters of the velocity box, as follows. All three ...










 


[image: alt]





Reliable Recall of Spontaneous Activity Patterns in Cortical Networks 

in vivo seems to originate from the background activity (Arieli et al., 1996; DeWeese et al., ..... 5c by the iso-spike count curve intercepting the reference cross).










 


[image: alt]





Operant Conditioning of Cortical Unit Activity 

original time sequence. Action potentials .... localization of noncovalently bound sut stances are very ... nucleoli and at nuclear membranes o eosinophiles (4): in ...










 


[image: alt]





Motor Cortical Representation of Speed and ... - Research 

cles and subjected this activity to the same analyses that were applied to the ... mean firing rate was related to average angular velocity with a single movement ..... finger speed had a median value of 100 ms, but the mode of the distribution ...










 


[image: alt]





The Premotor and Motor Cortical Representation 

similar to those of neurons combining visual inputs in retinal coordinates .... Barbas H. Pandva DN (1987) Architecture and frontal cortical con- nections of the ...










 


[image: alt]





Modulation of activity in medial frontal and motor ... - Mark Wexler 

Apr 25, 2004 - options available. An error or ... processes that are considered to be crucial for the development of ..... develop when the response was correct.










 


[image: alt]





Changes in Motor Cortex Activity During Reaching Movements With 

use of a population vector model, the activity of these cells it at the target for 2 s. The eight ..... The length of each arm in the cross denotes 1 standard deviation of ...










 


[image: alt]





Changes in the Temporal Pattern of Primary Motor Cortex Activity in a 

creased monotonically in the direction of the target force level. under movement conditions. However, the validity of this. The force exerted against the load in the ...










 


[image: alt]





Vanrullen (2004) A simple translation in cortical 

Sep 14, 2004 - In the simulations, 7 Ã— 7 grid points (a) represent the pos- sible locations of ..... in the near future. Because the .... by manual pointing. Vis Res ...










 


[image: alt]





Berti (2005) Shared cortical anatomy for motor 

Feb 13, 2007 - significant difference in brain damage be- tween these ... spond to the damage specific to anosognosia. Thirty patients .... areas, confirming that spared awareness of the .... a large glutamatergic nerve terminal in the auditory ...










 


[image: alt]





The Premotor and Motor Cortical Representation 

during a previous study (Caminiti et al., 1990) where 3 female Mucucu nemestrina monkeys ...... man and Porter, 1983, and Wise, 1985, for a review) and their.










 


[image: alt]





Early motor activity drives spindle bursts in the ... - Buzsaki Lab 

Mechanical touch. (n Â¼ 15) or .... b, Touch-evoked spindle events continued to occur after spinal transection in response to stimulation of the ... Trends Neurosci.










 


[image: alt]





Modulation of activity in medial frontal and motor ... - Mark Wexler 

Apr 25, 2004 - ioral responses were sampled continuously at a frequency of 1,000 Hz. .... learning, dopamine, and the error-related negativity. Psychol. Rev.










 


[image: alt]





Journal of Motor Behavior The Antipointing Task 

Jul 8, 2010 - Allochiria is a neurological deficit frequently accompanying visual neglect wherein visual .... Champaign, IL: Human Kinetics. Heath, M., Neely ...










 


[image: alt]





Richter (2000) Motor area activity during mental 

imagery task is the mental rotation of 3-D objects in space, originally ... found that 3-D, but not 2-D, mental rotation is impaired in patients ...... NMR in Biomedi-.










 














×
Report Motor cortical activity in a context-recall task





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



