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Prehension in the pigeon II. Kinematic analysis R. Bermejo and H.P. Zeigler BiopsychologyProgram, Hunter College (CUNY), and West Laboratory, American Museumof Natural History, New York, NY 10024, USA



Summary. During eating, the pigeon's jaw functions as a prehensile organ, i.e., as an effector organ involved in the grasping and manipulation of objects. The preceding paper provided a descriptive account of the jaw opening movements associated with each phase of the eating behavior sequence. For two of these movements, Grasping and Mandibulation, the amplitude of jaw opening is adjusted to pellet size. In the present study a kinematic analysis of these movements was carried out to clarify the motor control mechanisms mediating these adjustments. The analysis was carried out within the conceptual framework provided by a "pulse-control" model of targeted movement. For each of the movements the extent to which opening amplitude, its first and second derivatives and its rise time are scaled to pellet size was determined. Relationships among these kinematic variables were then examained in order to distinguish between "pulse-height" and "pulse-width" strategies. In addition, the possibility that "corrective adjustments" to the trajectory are made during its execution was also explored using a multiple regression analysis developed by Gordon and Ghez (1987a, b). For both movements, peak opening amplitude, acceleration and velocity are scaled to pellet size and these variables account for most of the variance in opening amplitude. The kinematic analysis suggests that critical parameters of the trajectory are determined ("programmed") prior to its initiation. Moreover, pigeons, like cats and humans, appear to utilize a "pulse-height" strategy for the control of amplitude scaling during targeted movements. Finally, the multiple regression analysis suggests that, like humans, pigeons modulate rise time during the decelerative phase of the jaw opening response to correct for errors in its initial programmed Offprint requests to:
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trajectory. In view of the differences in species and methodology between the present study and previous work on motor control mechanisms in mammals, the findings suggest that the conceptual framework provided by "pulse-control'~ theory has considerable generality. They also confirm the utility of the pigeon's prehensile behavior as a "model system" for the study of motor control. Key words: Motor Control - Prehension - Pigeon Kinematics pecking



Introduction The descriptive analysis presented in the preceding paper (Bermejo et al. 1989) showed that prehensile jaw-opening movements made during the grasping and manipulative phases of eating in the pigeon are extremely rapid, (grasping: 60-80 ms; mandibulation: 30-50 ms), that their amplitudes are scaled to pellet size and that their sensorimotor control is likely to involve open-loop and closed-loop mechanisms, respectively. In these respects they may be considered as simple behavioral models of amplitude scaling, analogous to the tasks used in many studies of human motor control (Brooks 1986). The present study continues the analysis of motor control mechanisms mediating jaw movements during these behaviors. In the first part of the study, the trajectories of jaw-opening movements during the grasping and manipulation phases of eating are described and related to a number of putative controlling variables. The relationships among these kinematic variables are then examined in order to specify the motor control "strategies" which may account for such scaling. Finally, the kinematic data are analyzed to determine the extent to which movement trajectories are subject to corrective adjustments during their execution.
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Motor control theories and the analysis of amplitude scaling The accurate adjustment of movement amplitude to task requirements (response scaling) is an important function of motor control mechanisms. Accounts of response scaling generally assume that the initial phase of many movements involves the generation by motoneurons of an output (control) pulse whose properties determine the amplitude of contractions in relevant muscles. For rapid, targeted movements, the movement trajectory is assumed to be independent of peripheral feedback and to reflect some parameter of the control pulse which is determined (programmed) prior to the initiation of the movement. Such "pulse-step" models have been used to account for the relation between inputs and outputs in the operation of both oculomotor and skeletomotor systems (e.g., Ghez 1979; Robinson 1964). Two types of "pulse-step" control strategies have been distinguished differing with respect to the movement parameter which is controlled. In a "pulse-height" strategy, different response amplitudes are achieved by varying the rate at which the slope of the movement trajectory changes while keeping the duration of the trajectory constant. In a "pulse-width" strategy, the duration of the trajectory varies with target magnitude but its slope remains constant.



The role of corrective adjustments during trajectory execution For some classes of movement, a second phase is postulated during which the trajectory is corrected to compensate for errors in the initial programming (Brooks 1986). Gordon and Ghez (1987b) have noted that such errors result when there is a difference between trajectory dynamics required to achieve a particular targeted parameter, (e.g. force, size) and the dynamics actually emitted. Thus, to the extent that the emitted velocity or duration does not match that required to grasp the pellet succesfully, the actual peak amplitude will differ from the required amplitude in either a positive or negative direction. In such situations, error correction would require an adjustment of the response trajectory during its execution to compensate for errors in the initial determination of trajectory parameters. Gordon and Ghez (1987b) have developed an analytic procedure for assessing the contribution of such corrective adjustments to the scaling of movement trajectories. The procedure is based upon the assumption that for each of the pulse-control
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time, while not the variable controlled to produce amplitude scaling, may mediate the corrective effects of pellet size upon peak amplitude during grasping. If adjustments in rise time serve to compensate for errors in the initial (programmed) trajectory, such compensatory adjustments should be evident during the decelerative phase of the trajectory. For a given pellet size positive errors will be compensated for by a decrease in rise time, negative errors by an increase in rise time. Moreover, the compensatory nature of the adjustment will be reflected in a negative correlation between opening amplitude at the start of the decelerative phase (i.e., at peak velocity) and the duration of the remainder of the trajectory.



Fig. 6. Proportion of variance in peak amplitude, during grasping (top) and mandibulation (bottom), accounted for by peak velocity (4 01, dashed bars), and by the joint effect of peak velocity and pellet size (R~ 0.1,2, dark bars). The difference between the two bars represents the corrective effect of pellet size



This hypothesis was tested by calculating correlation coefficients between rise times during the decelerative phase and opening amplitudes at peak velocity, within and across pellet sizes. Pooled data for the six subjects are presented in Fig. 7. Note that correlations within each pellet size are negative and highly significant (P < 0.001).
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Discussion



Jaw structure, jaw movement and gape measurement in the pigeon: some methodological considerations Previous studies of jaw movement in the pigeon have employed cinematography (Zeigler et al. 1980; Zweers 1982) or still photography (LaMon and Zeigler 1984) to provide "static" data on gape (i.e., interbeak distance) or on the position of each beak (Klein et al. 1985) during ingestive behavior. The present techniques permit the continuous "on-line" recording of variations in gape, making possible an analysis of "dynamic" aspects of jaw movement; i.e., displacement, velocity, acceleration and rise times. However, their use raises a number of methodological issues, including (1) the effects of loading the jaw with the transducer and magnet, (2) the interaction between the electromagnetic properties of the transducer and variations in the position of the magnet during movement and (3) the general relation between the records obtained with the technique and the jaw movements emitted. With respect to the problem of loading, it should be noted that the chip and magnet are mounted on the beaks several days prior to data collection and that the birds are given considerable practice in order to adjust them to eating under these conditions. Our observations indicate that the speed and accuracy of their ingestive behavior does not differ from that seen in the unmounted condition. The use of systematic calibration procedures utilising pellets of the same sizes as



those used in testing maximizes the likelihood that the data obtained reflects the actual interbeak distances. It should be noted, that two kinds of gape data are recorded: during grasping, the data reflects jaw opening in the absence of any object between the beaks. During mandibulation, data is obtained both during jaw opening and with the beak closed around the pellet. Readings taken during the latter condition provide an additional check on the validity of the data. Analysis of a large number of these "closed beak" trials (see Fig. 1, Type IV in Bermejo et al. 1989) indicates that the gape recorded is very close to that of the pellet size. Finally, comparison of our data with an analysis of oscillographic or cinematographic records from a different laboratory (Zweers 1985, pets. comm.) indicates that there are no obvious differences between the data obtained with the different procedures. However, the most important methodological problem is one of validity; i.e., whether a single linear measure (variations in interbeak distance) adequately captures the essential features of the behavior. The question cannot be answered without some consideration of jaw morphology (Bock 1964). In contrast with mammals, birds have a kinetic upper jaw, i.e., both the maxilla and mandible are moveable. Moreover, the pigeon's jaw is a two joint system with three points of articulation: quadrate, skull and maxillo-palatine bone and the two jaws are kinetically coupled such that depression of the mandible is linked in a complex fashion to protraction of the maxilla. However, the two bony elements of which it is composed (maxilla and mandible) produce a rotation which, in contrast to the situation in mammals, is constrained essentially to a single plane (Gennip 1986) during normal behavior. For jaw movements confined to a single plane, a linear measure of interbeak distance should adequately capture the functionally essential features of the behavior. Comparison of the scaling data of the present paper with that obtained using still photography (see LaMon and Zeigler 1984, Fig. 1) strongly suggests that the linear measure of this behavior produced by the present technique is a valid one.



Amplitude scaling of prehensile jaw movements Grasping. Kinematic analysis of grasping showed that peak opening velocity and acceleration are scaled to pellet size and that these variables account for most of the variance in opening amplitude. Moreover, peak acceleration (an early predictor of peak velocity) is both highly predictive of peak amplitude and scaled to pellet size. This implies that,



584 to some extent, critical parameters of the grasping response trajectory are determined prior to trajectory initiation and suggests the operation of a "pulseheight" strategy for the control of jaw-opening during grasping. A similar motor control strategy is used by cats and humans for the scaling of isometric force in tasks involving limb movements (Freund and Budingen 1978; Ghez and Vicario 1978; Gordon and Ghez 1987a). This similarity extends to another aspect of motor control, the capacity to adjust movement trajectories during their execution in order to correct for errors in the initial, programmed trajectory. While both peak acceleration and peak velocity are highly predictive of final amplitude during grasping, this initial scaling is not perfect; i.e., peak velocity does not account for all the variance in peak amplitude. The variance unaccounted for may simply reflect random variability or it may also reflect a "corrective adjustment" which compensates for the initial errors in the scaling of opening trajectory to pellet size. A multiple regression analysis of the grasping data indicates that such "corrective adjustments" account for a significant proportion of the variance in peak amplitude during grasping. Subsequent analysis indicated that during the decelerative phase of the trajectory, rise times are modulated in such a way as to correct for errors in the magnitude of the initial (programmed) trajectory. Such corrective adjustments, though accounting for only a small portion of the variance in peak amplitude, were evident in the data of all subjects and are a distinctive feature of the kinematics of grasping in the pigeon.



Mandibulation. During mandibulation, opening velocity and acceleration are scaled to pellet size and account for most of the variance in peak amplitude. None of the rise time variables are significantly correlated with peak amplitude, indicating that rise time is not the kinematic variable controlled to produce the scaling of jaw-opening to pellet size. The data thus indicate that the control of jaw-opening during mandibulation also involves a "pulse-height" strategy. However, the corrective adjustments characteristic of grasping are not seen during mandibulation. This difference between mandibulation and grasping may reflect differences in the functional requirements of the two tasks, the nature of their sensory control or the speeds at which they are carried out. Thus, for movements of the same amplitude, rise times for mandibulation may be half as long as those for grasping. Moreover, the requirements of the two tasks also differ. During mandibulation the head is being rapidly raised and the pellet transported to the



back of the oral cavity by a series of "catch and throw" movements (Zeigler et al. 1980; Zweers 1982). Between "catches" the pellet is suspended within the oral cavity while the beaks are some distance apart. Thus, in contrast to grasping, which requires an accurate adjustment of jaw-opening amplitude to pellet size, the pigeon's task during mandibulation is to generate jaw opening movements sufficient in amplitude to allow for passage of the pellet within the oral cavity, but rapid enough to prevent the pellet from falling out of the mouth during each of these "throw" movements. Finally, every grasping movement tends to start from the same initial gape, while the starting gape for mandibulations will vary with the size of the pellet and its location within the oral cavity. Such considerations, as well as the speed of jaw opening movements during mandibulatiton, may be incompatible with corrective adjustments of the type seen during grasping.



Compensatory adjustments during task execution: peripheral or central mechanisms? It is generally agreed that the initial component of a rapid targeted limb movement reflects the operation of a central "motor program", i.e., it is independent of sensory feedback generated during the movement (Brooks 1986). However, several studies have shown that rapid voluntary movements can be modified during their execution (e.g., Desmedt and Godaux 1978; Gordon and Ghez 1987b; Higgins and Angel 1970; Megaw 1974; Vicario and Ghez 1984). The compensatory adjustments to jaw-opening trajectories seen in the present study appear to reflect a comparable "updating" of an initially "programmed" trajectory during the later phases of its execution. On the basis of the reaction times involved, most accounts of such corrective adjustments attribute them to the operation of central mechanisms, (but see Poulton 1981). However, a recent EMG study of load compensation (Lee et al. 1986) indicates that, for a learned movement against a standard load, compensatory increases in EMG activity can occur at latencies which suggest a role for segmental reflex mechanisms. In the absence of correlated kinematic and EMG data, speculation as to the differential roles of central vs. peripheral mechanisms in the control of jawopening trajectories is premature. However, it should be noted that, pigeons possess several types of jaw proprioceptors whose inputs could be used to monitor the extent of initial gape and the rate and amplitude of jaw-opening (Dubbeldam 1984; Manni



585 et al. 1965; Silver a n d W i t k o v s k y 1973; Z e i g l e r a n d W i t k o v s k y 1968.



Conclusions It has b e e n n o t e d t h a t t h e t a s k s u s e d in m a n y p r i m a t e studies o f t e n result in m o t o r b e h a v i o r which is " b o t h c o n s t r a i n e d a n d i m p o v e r i s h e d " (Polit a n d Bizzi 1979, p. 194). I n c o n t r a s t , t h e p i g e o n ' s p r e h e n s i l e b e h a v i o r d o e s n o t r e q u i r e special t r a i n i n g b u t is a c o m p o n e n t of its s p e c i e s - t y p i c a l i n g e s t i v e b e h a v i o r a n d m a y b e s t u d i e d w i t h i n its n o r m a l b e h a v i o r a l c o n t e x t . W h i l e the m o v e m e n t s i n v o l v e d a r e s t e r e o t y p e d t h e y a r e also m o d i f i a b l e using i n s t r u m e n t a l c o n d i t i o n i n g p a r a digms ( D e i c h et al. 1988; M a l l i n a n d D e l i u s 1983). M o r e o v e r , c o n s i d e r e d as a f u n c t i o n a l s y s t e m for t h e g e n e r a t i o n of p r e h e n s i l e m o v e m e n t s , t h e p i g e o n ' s j a w is far less c o m p l e x in its o p e r a t i o n t h a n t h e p r i m a t e h a n d a n d t h e scaling of g a p e involves activity in o n l y two m u s c l e pairs ( K l e i n et al. 1985). D e s p i t e t h e d i f f e r e n c e s in species a n d m e t h o d o l ogy b e t w e e n t h e p r e s e n t s t u d y a n d p r e v i o u s w o r k on m o t o r c o n t r o l m e c h a n i s m s in m a m m a l s t h e r e is a gratifying d e g r e e of s i m i l a r i t y in t h e i r findings. O u r results suggest t h a t t h e p i g e o n ' s ingestive m o v e m e n t s could offer a n u m b e r of a d v a n t a g e s for t h e n e u r o b e h a v i o r a l analysis of m o t o r c o n t r o l .



Acknowledgements. Supported by research grants from NSF (BNS 85-07374), NIMH (MH-08366), and Research Scientist Award (MH-00320) to H. Philip Zeigler; by funds from the Basque Government to Roberto Bermejo, and by the Biopsychology Program, Hunter College (CUNY). We gratefully acknowledge the advice and assistance of Dr. Claude Ghez, Dr. James Gordon, and Dr. Peter Moller at various stages of this research. We thank Dr. Robert Allan for assistance in the preparation of figures.



References Bermejo R (1987) Descriptive and kinematic analysis of jaw movements during eating behavior in the pigeon. Doctoral thesis, Hunter College, City University of New York, New York Bermejo R, Allan RW, Houben D, Deich J, Zeigler HP (1988) Prehension in the pigeon. I. Descriptive analysis. Exp Brain Res 75:569-576 Bermejo R, Zeigler HP (1986) Kinematics of grasping in the pigeon. Soc Neurosci Abstr 12:687 Bock W (1964) Kinetics of the avian skull. J Morphol 144:1-41 Brooks VB (1986) The neural basis of motor control. Oxford University Press, New York Deich J, Allan RW, Zeigler HP (1988) Conjunctive differentiation of gape during food reinforced key-pecking in the pigeon. Anim Learn Behav 16:268-276 Desmedt JE, Godaux E (1978) Ballistic skilled movements: load compensations and patterning of the motor commands. In: Desmedt JE (ed) Progress in clinical neurophysiology, Vol 4.



Cerebral motor control in man: long loop mechanisms. Karger, Basel, pp 21-55 Dubbeldam JL (1984) Brainstem mechanisms for feeding in birds; interaction or plasticity: a functional anatomical consideration of the pathways. Brain Behav Evol 25:85-98 Freund HJ, Budingen HJ (1978) The relationship between speed and amplitude of the fastest voluntary contractions of human arm muscles. Exp Brain Res 31:1-12 Gennip EMSJ (1986) The osteology, arthrology and myology of the jaw apparatus of the pigeon (Columba livia L). Neth J Zool 36:1-46 Ghez C (1979) Contributions of central programs to rapid limb movements in the cat. In: Asanuma H, Wilson V (eds) Integration in the nervous system. Igaku-Shoin, Tokyo, pp 305-319 Ghez C, Vicario D (1978) The control of rapid limb movements in the cat. II. Scaling of rapid force adjustments. Exp Brain Res 33:173-190 Gordon JE, Ghez C (1987a) Trajectory control in targeted force impulses. II. Pulse height control. Exp Brain Res 67:241-252 Gordon E, Ghez C (1987b) Trajectory control in targeted force impulses. III. Compensatory adjustments for initial errors. Exp Brain Res 67:253-269 Higgins JR, Angel RW (1970) Correction of tracking errors without sensory feedback. J Exp Psychol 84:412-416 Klein BG, Deich JD, Zeigler HP (1985) Grasping in the pigeon: final common path mechanisms. Behav Brain Res 18:201-213 LaMon B, Zeigler HP (1984) Grasping in the pigeon (Columba livia): stimulus control during conditioned and consummatory responses. Anim Learn Behav 12:223-231 Lee RG, Lucier GE, Mustard BE, White DG (1986) Modification of motor output to compensate for unanticipated load conditions during rapid voluntary movements. Can J Neurol Sci 13: 9%102 Mallin HD, Delius JD (1983) Inter- and intraocular transfer of color discriminations with mandibulation as an operant in the fixed-head pigeon. Behav Anal Lett 3:29%309 Manni R, Bortolami R, Azzena GB (1965) Jaw muscle proprioception and mesencephalic trigeminal cells in birds. Exp Neurol 12:320-328 Megaw ED (1974) Possible modification to a rapid on-going programmed manual response. Brain Res 71:425-441 Polit A, Bizzi E (1979) Characteristics of motor programs underlying arm movements in monkeys. J Neurophysiol 42:183-194 Poulton EC (198t) Human manual control. In: Brooks VB (ed) Handbook of physiology, Sect 1. The nervous system, Vol 2. Motor control, Part 2. American Physiological Society, Bethesda, Maryland, pp 1337-1389 Robinson DA (1964) The mechanics of human saccadic eye movement. J Physiol 174:245-264 Silver R, Witkovsky P (1973) Functional characteristics of single units in the spinal trigeminal nucleus of the pigeon. Brain Behav Evol 8:287-303 Vicario DS, Ghez C (1984) The control of rapid limb movement in the cat. IV. Updating of ongoing isometric responses. Exp Brain Res 55:134-144 Zeigler HP, Levitt PW, Levine RR (1980) Eating in the pigeon (Columbia livia): movement patterns, stereotypy, and stimulus control. J Comp Physiol Psychol 94:783-794 Zeigler HP, Witkovsky P (1968) The main sensory trigeminal nucleus in the pigeon: a single unit analysis. J Comp Neurol 134:255-264 Zweers GA (1982) Pecking of the pigeon (Columba livia). Behaviour 81:173-230 Received June 9, 1987; received in final form September 9, 1988 / Accepted October 13, 1988



























des documents recommandant







[image: alt]





Trunk-Assisted Prehension: Specification of Body ... - Research 

The authors defined the level of involvement of each Arizona State University campus to participate. ... of whether the reach was performed to the large or the small poral constraint), ... Young, and Proteau (1992) to determine a medium effect is .06










 


[image: alt]





Le pigeon 

Donnez un synonyme Ã  l'adjectif prophylactique (ligne 15) dans le contexte. 3. Donnez le sens du mot tuile ... 4A Corpus de textes. Manuel A, pages 161 Ã  167 ...










 


[image: alt]





Dijkerman (1998) The perception and prehension 

tween hand orientation and target orientation, irrespective of viewing conditions. However, the matching data dif- fered from the grasping data in showing a ...










 


[image: alt]





Liasse fiscale PIGEON PREFA 

de propriÃ©tÃ© : *. Immobilisations : Stocks : Renvois : (1) Dont droit au bail : NÃ©ant *. CR. NÂ° 2050- SD. â€“ (SDNC-DGFiP) - Octobre 2017. â‘ . PIGEON PREFA.










 


[image: alt]





Automatic postural responses in the cat - Research 

related to the displacement of the center of mass and ..... mass shifted tailward with respect to the feet. ..... ing EMG responses represent a more accurate pic-.










 


[image: alt]





Research function in the ESCB - Guillaume Horny 

1. To inform and support the policy process with skills of academic standards. 2. ... In one approach, it is centralized in a single ... on banks, such as Basel III.










 


[image: alt]





DISCRETE MOVEMENTS IN THE HORIZONTAL PLANE ... - Research 

background. Each movement was initiated at the sound of a buzzer. .... In the movement curve of D, which was seldom observed except in the records of very ...










 


[image: alt]





Akinesia, Hypokinesia, and Bradykinesia in the ... - Research 

target fixation time manifest as delayed initiation of voluntary movement. (aki- nesia) ; and increased transit time between targets. (bradykinesia) due to the.










 


[image: alt]





Role of the cerebellum in reaching movements in humans ... - Research 

... distribution, the standard. â€ To avoid undesirable edge effects, each neurone layer formed a torus. ..... cell displayed as a polar plot. The length of each axis ...










 


[image: alt]





Challenges in ecosystems research The role of the ANAEE infrastructure 

Nov 16, 2012 - The role of the ANAEE infrastructure. FranÃ§ois Houllier ... Land and water limits, ... ANAEE: a key research infrastructure for FACCE JPI ...










 


[image: alt]





The role of sensory information in the production of ... - Research 

Jul 3, 1995 - finger taps by trading off downstroke onset for move- ment duration, e.g., they .... It simply consists of maintaining a given rhythm of tapping .... organize movement trajectories in space and time is beyond the scope of this study.










 


[image: alt]





One Hundred Years after Martha, the Last Passenger Pigeon 

What's meant by â€œcommercial extinctionâ€�? A century later .... chance and a bit of a nudge, Mother Nature ... voyageuse de la planÃ¨te du nom de. Martha, morte ...










 


[image: alt]





Prehension of objects oriented in three-dimensional ... - Springer Link 

&p.1:Abstract When reaching for an object, the proximity of the object, its orientation, and shape should all be cor- rectly estimated well before the hand arrives in ...










 


[image: alt]





Binocular advantage for prehension movements 

Nov 28, 2014 - Fifteen adults reached and grasped for a cylindrical peg while eye movements and ... two separate mechanisms: binocular summation (i.e., the sim- .... Randot SO-002 test, and all participants had stereoacutiy of â‰¤50 s of arc.










 


[image: alt]





Binocular advantage for prehension movements 

Nov 28, 2014 - Nevertheless, in visually-normal adults monocular input provides sufficient information to engage in online control to correct the initial errors in ...










 


[image: alt]





Liasse fiscale PIGEON GRANULATS NORMANDIE 

informations sur plus de 8 millions d'entreprises, avec un accÃ¨s Ã  l'ensemble des .... 107 022. 2 092 365. 1 104 132. 988 233. 1 386 578. 809 320. 577 258.










 


[image: alt]





One Hundred Years after Martha, the Last Passenger Pigeon 

que les navires transportant les premiers colons venus d'Europe ont accostÃ© Ã . Plymouth dans les annÃ©es 1620. L'aviditÃ© des Ãªtres humains ainsi que le.










 


[image: alt]





One Hundred Years after Martha, the Last Passenger Pigeon 

We know the exact place and time when the Passenger Pigeon went extinct. But when did the species become endangered? Based on the population trajectory,.










 


[image: alt]





Adaptive procedures in psychophysical research 

performance that are due to learning or attentional lapses by ..... Figure 4. Adaptive tracks following a staircase procedure. (A) Simple upâ€“down staircase; (B).










 


[image: alt]





Innovation and placebos in research 

... each of the three groups is unbalanced to yield maximum power and is .... colleagues8 suggest that placebo responses are too high in psychiatry trials ... Division of Clinical Pharmacology (AH), Department of Medicine (AH), and Department ...










 


[image: alt]





sequencing in Parkinson's disease - Research 

Jan 14, 1993 - entire pathway was initially illuminated, and with each successive button .... software, and the patients with Parkinson's disease who gave so freely of their time. 1 ... Critical analysis of the disability in. Parkinson's disease.










 


[image: alt]





Dynamic Pattern Generation in - Research 

principles ofneural and behavioral function remain few (3, 4). The time may be ripe, therefore .... information about the emerging spatial structure, its form, size, and so forth]. ... present context and perhaps for biology in general, is the limit 










 


[image: alt]





Adaptive procedures in psychophysical research 

Results of simulations and experiments with human subjects are reviewed to evaluate the utility of these ... ods that become important with application to more com- plex applications or in ..... tant in the fitting calculations. In Watt and Andrews's










 


[image: alt]





The passive, human calf muscles in relation - Research 

changes in sensory modulation but is an intrinsic property of the passive muscleâ€“tendon unit. The origin of this in vivo, short range ankle stiffness cannot be ...










 














×
Report Prehension in the pigeon - Research





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



