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The guiding of human writing movements B y J. J. DENIER VAN DER fiON* a n d J. PH. THURING Laboratory for Medical Physics and Department of Psychiatry of the University of Amsterdam With 9 Figures in the Text



(Received June 5, 196~) Summary. The subject of this study has been the way in which fast writing movements are guided. I t is concluded that: 1. For fast handwriting the principle of position feedback does not hold; 2. There is physiological evidence for resolving the writing movements into two more or less perpendicular directions; 3. The shape of a word is determined by the timing of the muscle contractions and not by the magnitude of the forces used; 4. A general change of size is coupled to a proportional change in the magnitude of the forces.



I t can be concluded t h a t /or [ast handwriting the position ]eedback principle does not hold. W r i t i n g speeds in cursive w r i t i n g of 50 mm/sec along t h e line of t r a v e l are c o m m o n a n d so an a c c u r a c y of for i n s t a n c e 0,5 m m corresponds w i t h a t i m e of 10 msec. E v e n spinal



1. Introduction The s u b j e c t of this s t u d y has been t h e w a y in which h u m a n writing m o v e m e n t s are guided. These m o v e m e n t s are of i n t e r e s t because of t h e i r deftness a n d subtleness so t h a t neurologic disorders m i g h t easily be recognized in them. Also t h e i r r e l a t i o n to g r a p h o l o g y a n d w r i t i n g pressure, i n t e n s i v e l y s t u d i e d n o w a d a y s (STEINWACHS 1962), is an a t t r a c t i v e f e a t u r e of this study. I n t h e first p a r t t h e principle of feed b a c k is discussed in r e l a t i o n to h u m a n writing m o v e m e n t s . N e x t notice is t a k e n of some aspects of muscle o r g a n i z a t i o n in r e l a t i o n to t h e direction of m o v e m e n t s . F i n a l l y t h e i n t e n s i t y a n d d u r a t i o n of muscle i n n e r v a t i o n is discussed in r e l a t i o n to the size of a w r i t i n g move.
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fable j Fig. 1. See text



2. Feedback versus pre-set A n i m p o r t a n t principle in guiding is t h e principle of position feedback. To a certain e x t e n t this principle is d o u b t l e s s u s e d in guiding h u m a n m o v e m e n t s , b u t i t is well-known t h a t i t does n o t hold for quick a n d often p r a c t i c e d m o v e m e n t s . F o r i n s t a n c e LASHLEu (1917, 1951, 1961) concluded t h a t an effcctor m e c h a nism can be pre-sct, or primed, to discharge a t a given i n t e n s i t y or for a given d u r a t i o n , i n d e p e n d e n t of a n y sensory control. According to him, this holds also for t h e i n i t i a t i o n a n d t i m i n g of c o n t r a c t i o n of t h e different muscles in a c o m p l e x m o v e m e n t . H e p o s t u l a t e d some central n e r v o u s m e c h a n i s m which fired with pred e t e r m i n e d i n t e n s i t y a n d d u r a t i o n or a c t i v a t e d different muscles in p r e d e t e r m i n e d order. His conclusions were b a s e d on t h e fact t h a t (up to a certain e x t e n t ) t h e a c c u r a c y of a m o t i o n is increased with its velocity, t h a t t h e nerve d e l a y was too large for correct guiding a n d t h a t , in a ease of c o m p l e t e anesthesia for movem e a t s of t h e knee joint, flexion a n d extension movem e n t s of this knee were n o t d i s t u r b e d . WOODWORTg (1903) came to t h e same conclusion: Plus u n m o u v e m e n t nous est h a b i t u e l , d ' a u t a n t plus la force, l ' 6 t e n d u e et la direction en sont c o m p l g t e m e n t d6termindes p a r l ' a j u s t e m e n t initial, et d ' a u t a n t moins p a r les correction postgrieures. * Now at the Municipal Hospitals of Rotterdam. Kybcrnetik, Band 2



Fig. 2. The influence of changing friction on writing. The first arrows indicate an increase in friction which lasts till the second arrows



reflex t i m e is n o t so short a n d t h e nerve t r a n s m i s s i o n t i m e h a n d - h e a d - h a n d is m u c h longer. DAWSON (1947, 1950, 1952) a n d BATES (1950) gave a n afferent l a t e n c y m e a s u r e d b y e.e.g, of a b o u t 30 msec. McCuL~oc~ (personal c o m m u n i c a t i o n ) e s t i m a t e d t h e l a t e n c y h a n d c e r e b e l l u m - h a n d v i a a nerve t r a c k p o s s i b l y of relevance, n o t less t h a n 30 msec. W e carried o u t t h e following e x p e r i m e n t . A person was i n s t r u c t e d to write fast a n d w i t h o u t i n t e r r u p t i o n "llll" w i t h an iron pencil on a n iron table. A coil w o u n d a r o u n d t h e pen was p a r t of a c u r r e n t circuit c o n t a i n i n g a switch. I n this w a y t h e friction between pen a n d t a b l e could be increased s u d d e n l y b y t h e m a g n e t i c a t t r a c t i o n (Fig. 1). Fig. 2 shows t h a t , on d o s i n g t h e switch, t h e h a n d w r i t i n g becomes smaller, which defies t h e principle of i n s t a n t a n e o u s position feedback. If t h e writing is done on teledeltos p a p e r a n d c u r r e n t pulses flow from pen to table, i t is possible to m e a s u r e w r i t i n g t i m e b y counting dots. The results of two e x p e r i m e n t s are given in Table 1. I t m a y be concluded t h a t , when t h e lI
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friction changes, the writing t i m e of a loop does n o t change, b u t only the height. Self-evident f e e d b a c k is used in some p a r t s of t h e w r i t i n g m e c h a n i s m a n d as an overall control. A d j u s t m e n t s b y this control h a v e a d e l a y n o t less t h a n a b o u t 100 msee. Table 1 time
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0,16 0,16 0,16 0,15 0,16 0,12



12 12" 9 8 8 10"*



0,16



14



12 12 12 12 12" 8 8"* 14



0,19 0,19 0,20 0,17 0,16 0,17 ?



15 0,17 0,20 * current is switched on hereafter. ** current is switched off hereafter.
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