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Organism constraint and task constraints of consecutive
Chinese cursive writing

August, 2012
Joseph Chang-Chih Shih
Advisor: Melvin Chih-Mei Yang

ABSTRACT

Coordination is affected by the property of the organism and external conditions, that is,
organism, task, and environment constraints would interact with one another to induce the
production of the most appropriate coordination. This research based on the movement
coordination viewpoint. Organism and task constraints were manipulated to explore how the
writing performances were influenced. Thirty-six healthy adults who were not well-trained in
Chinese calligraphic skills were recruited. According to the writing dominant-hand and the
writing posture, the 36 participants were classified into three groups: (1) right-handed
non-inverter, (2) left-handed non-inverter, and (3) left-handed inverter. The repeated
dependent variables include the characteristic of the pen-tip (hard and soft) and writing hand
(dominant and non-dominant hand). Participants were required to perform the straight-line
Chinese cursive-writing task under different writing conditions. The writing sample and the
position data recorded by the Polhemus Liberty were analyzed. In order to find the differences
of writing performances and the changes of intra-limb coordination patterns, the writing
square measured per second, cross-correlation coefficient of target joints, and the variability
of the joint degrees were statistically analyzed by mixed-designed three-way ANOVAS: 3
(groups) x 2 (pen-tip properties) x 2 (writing hands). The later two factors were repeated
measures. The results showed that the types of the writer, the characteristic of the pen-tip, and
the writing hand would interact to influence the writing performance. Different were found in
movement coordination pattern among different groups and writing hands. Writing tools

would induce the coordination pattern to change.

Keywords: handwriting, Chinese writing brush, writing posture, coordination
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¥-8 KFETR

MBI s (TR AR S R E 0 A BB (TR (effector) z e gt £ Boid
FEH NP - B FHIFFL ?P’“iw&éﬂ T 7 FRAE o

M 4, g2 g gE | (information-processing perspective) i # (FehF J tkd ¢ fRAd
& ks (CNS) >4 ¥4 ﬂ%%ﬁ%:} P R G R E AR B T2 (motor
program) » 4 FAEN Tl g A M e R A H LR o BT L - AN ARk
(internal representation) » - i z|# iTenep £ > BAED B A & St B flg o Sk
FE3% (stimulus identification) ~ & J&iE 4% (response selection) 2 %2 £ J& % 5 (response
programming) = &% 2 A 41 $ i (Schmidt & Lee, 2005) ; # 5 2 > & @ (T 4oz 5 &
e e %o %ﬁk %o — LB TN C IR EAF 0 A A e (T )Tﬁ;jf;t;'i—ﬁr;? o B (THL A B
BRI L T BRI H’méﬁﬁmﬂdﬁ—}&%ﬁiﬁ’E%%“%ﬁﬁ—%
o 4 (homunculus) & ERE A * a1 iFf j7 > ¥ BEMMA SR 0 PRAER H gk

FEWR AN S > W 3 FRB ARG TGS ] A o

‘P’ e
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BRdrd 28 7 Bernstein % #& 7 T A d & R 48 | (the problems of the degrees

of freedom) — 4% % " Bernstein's Problem ;> i & # iE4r 414 B RAL - < A1 > =



FA R 22 F ki 8D 1967 EEFARYE 2T AR A EF 0 E o Bl
NP REB W A B B AR
Bernstein (1967) %5 7 #iEvmi— Kk g2 "‘f?fi@”ﬁ FFEEEBAI R FAR A2

Fao g rafe §en a1 TEs Pl aBMp ~ 2 pd RIS FAenfzid 8

(Ud\

T HAAMERAAAR c FAAF RS T R F
i BAEA GRF B HERIT PIFRRPEFERET RS pd R T4 Tthe
coordination of a movement is the process of mastering redundant degrees of freedom of the
moving organ, in other words, its conversion to a controllable system ; (p. 127) -

RypwE 232 >3 ) 42 & 5 " the harmonious functioning of parts for effective
results | (Coordination, n.d.) » » rj&{»’; HrFalfrr e focdag g%k o Ra o
HEP 4 (1999) i B ERE A L 3% (reductionism) £ 4% (determinism) i
TEBE > T T A (order) shAF o EE G REY FLO- BEF S 9HBGHE
FPRHEFVAOE FHEESBEE L eS¢ T iEITE 0 L R
G A A B S R GA g h s g E R AR h (random) &G 0 - IR R
7 @ &S 4250 (linear equation) & % &7 BRI FELFE o R E > Aok L % 5
B R E IR AR S BB A F T OB RS PN X deim A 2 PR ARE o B HH
B BT A EITEAPBRIE B - s 7 o 3 F s AF Ak 5L (complex systems)
PR EASI N 5 Bt R E I (2007) SRAAFFE LM E G UTEET I(-) S AS e
* R Bz o W o f A 30 A s b oeha s (subsystem) A7t
@5 (Z) RI (emerging) £ 2tddt (nonlinear) : RIM X Ap F R %3 7 I P 4
MG 4 B 2= 2 BT (Fr 2 %% Flee B H b B 5 30 anig
Fro GNP FARE - TR ER T €84 R 2RI IR g ‘ﬁh{r R
(chaos) » fe i & 2L > fRgegtm i » @ £3-9 5 B &) (fractal) B4 5 - 55 (2)
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Turvey (1990) #- % Bernstein's Problem 45 i : (- ) # itk
(distributed construction of movements) : 52 &k fs ¥ 2bd H — =t ki siridhg o m Hd 3F S

F ks I iE* > g REE (local expediencies) 7 sV A d iF > i BREA F A B

2l

o~

LRI d P AR L AR TR R ¢ R S E RS S
- RFEHPAT G R E L o PRE T B AR ARG R (2) A
#12. 7 P gz dt (indefiniteness of action plans) @ & 4p 4 7 & 1T pF » 7 At F] R o it 125~
o hkadEM FE AR R AT Rk ETEA - P Apk pod
Boo PHED ¥ - 2SR R L 30PRSI B R F AR AR g Sk
i iRt SEME S E (softly assemble) nm A Es (TP AR 0 gt WAF R kALY R maRE
(=) #4138 F #55% (spring model of control) © & 5 & — 585 & % (mass-spring system)
(Tuller, Turvey, & Fitch, 1982) » ag it 7 P rg iz 63+ 4] > Jp fids i’fdﬂz 2 ek d (Fenkt
B (R-#HaEpag) 23 aldeghsd- Bienifi2 2 > 4 2 2 Ee et tuenged]
et p—- THHEARN »BE 7 pABF -

BirnAg GBS A ARES D SR ER TSR ko $R AL

» Newell and Corcos (1993) %5 # (Fcisg B |+ (variability) 7 &3 32 F M2 & >

mREP » 37 %2 Newell and Slifkin (1998) 22 2 LI B8 F 5 chp RFH ¥
FroRFABEFEERT 2> TP L Lot > BRI TG & T EED
FRL FEEABTEENT T R B TR AR A ARRBTLIRA H T

(F2 e~ £ 1 5 2000) i3 6 (517 5 tp AT S - B MR 5 — 46783 (noise) -

=

o (v % 2 L (standard deviation, SD) #icdy (TR AR > THE L REMIT A



I EC) WL TR REY  FEL 0 R T a2 kop i (stochastic) @ 7 B

l

& pesl oy { @ 7Tk (deterministic) 4 f7 > 77 iR 4 e (chaotic) Bt R o
PRBEDNLH N EXFEFTF IR AL > e R4 F 5 Carlton and
Newell (1993) (2 B M v {HmsL s 2% E PRREESI ERE > AP E

BEEETE R0 TREMRP LA EB2ZRY -

% 9 (handwriting) E_% Ak it * chds (FHa > TH TGS BE 2 0 B kiR o
FRoAEA S FBRUIEFR KA EEE SRR P S S AR
FBE A5 {Fh 7 2 RL AR A LR LAR et
#.F B (non-linear oscillator) (Kelso, Holt, Rubin, & Kugler, 1981) » 4 £ 3 8 7 &

% ¥ 4F 32 et 33 (Latash, Danion, Scholz, Zatsiorsky, & Schoner, 2003) » @ < # % fF ¥ 2L
L EIT AR E R, T B4 B | (coupled oscillator) - Hollerbach (1981)
WAETBRAEFTARLLIETUFIAEER > T H DT BT B2 (oscillation
theory of handwriting) » = 2>t 38 ¥ s~p ;% (spring muscle model) » €=& i &k Soid 2
TFF o RTHRT AP ﬁﬂ p = (phase) 234=t§ (amplitude) =3 & § F F A5
FRNFVETE LSBT AR (4o F T ) kgl F N e

Berninger (1994) 5 4 A% H @ § - B @Had (vHIT > @ - %L KB
B TR & T2 837 ) (language by hand) > & AR T ARE B AR T E R

;&,’;—[«3;4 _"‘rr’l"“ 1‘&‘[1’57 #WﬁF‘,ﬁ’mi’Kl}; s 1’6:}*2’1’1 7 %‘F‘Ejﬂf ¥FH itz & F‘l‘
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TR

Medwell and Wray (2007) =% &2 sp R A= 3 & > % 1% & p # ¢ (automaticity) =& &
R4 ERRA I REREFLpR o R NERETL LR L h ] B
BT RELIIPT S BE iTArPAR A IR o

Kugler, Kelso, and Turvey (1980) % 17 & # (function) “2 4 » ¥ T 28 |
(coordination) ~ " #=+#] | (control) 27 T s | (skill) &7 2 % > 325 T3 ) 2T L4
(constrain) et p d T 2@ 5 - (75 H = (behavior unit) z. Sk 0 TE A
sp d %Iﬁﬂﬁ’ﬁ*ﬁ%’ﬂ»\i e s o BEHEE > R ARIE LR R, ERE > A7

PRE - hfd R g 2o elesseah d R T LT Rp kS



Boib AL 0 TRLA Sl L BRI LY RlkE B TR 20 =8 @

R RREHE L AN ERAaE 5 e T LT & BRI B
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BRE Ao BRaEG xS A EREE S P e 5K s
BB ViRARBRT AL B P R G g 0T R $IE (essential
variables) &% 7 p - $23 Soficin T 3p 4 14 (topological property) » @ [ 2b & %38
(non-essential variables) Rlig = {533 S BF M E F e ) ©9 F 2 B §HELF N
fomee % o By BRI 4 AR B L Tt > BB RN REIFA S > PR - B
2 g * £ (dominant hand) £ 24 * £ (non-dominant hand) #+ (F 4 7 5§ 4ot + e
AR g ivird FA b dpf BF

Kugleretal. (1980) %% p d B R {EF %v} - B P sg 2 (muscle linkage) %
Efaid o &2 & T3 %4 (coordinative structure) » = ’?“g‘#&“ BB d anfhz vep

ot i - e oA - B R A (collection)  F EA LA EHT A - AR

LR gptpd g o EAERESAL B AR LIRS {
R R B U T B AR S TS FeniTr o FES B B KL B AR

KA Ep MeFisiget i < 2 p 4 & -Turvey, Fitch, and Tuller (1982) #
dre4] & ¢ (equation of constraint) (df=ND-C ; df=p d B2 s N=~%2 B#c: D=2 ;
C="4l) > B BH4ir ffd " LH% 55 d & -

Newell (1986) zn 5 ## % T3 %48, (organism) ~" 1 i¥ , (task) £ "% |
(environment) = 4l enB (- ) "7 WA LGB U AHL TR
EARE TINEIE " R & T’F—‘g Fro = Kugler et al. (1980) 342 & 3 > ¥ fwk 2 4p 4
PR bz (relatively time independent) & T 414 #3241,  (structural constraint) » 4e-&
Bz p fEApfifc ] i g ~E % > U2 ip¥mE T ip ik (relatively time dependent)
T4 i s (functional constraint) » 4o 4 4k suet B R i % % o Clark (1995) #
DB R R B A Bl AR A SR G R UL B AE
L4 eh— 285> > Williams, Davis, and Williams (1999) ~ i 7 #4834 3 45 £ 48 ~ R

A BENG (D) T ERHL S F BT AR CRAISA 2 S B NIE S o AR



B £ £ 3 (Williams et al,, 1999) » 4r1 fFp 5~ R & % 1 25 > 4o
BERNR R MRS L APFR () RAU LR S U
Wz e U] deE 4 SRR A TS o Clark (1995) 325 BB T L2 p R
Byt L Be FALE 2 it (socio-cultural) B - FRI R CF R T ARE

,p;—,—g

B

L3 LAEBTE A A B (FA5 8 414 E > Williams et al. (1999) 2% 5

B e £0n (energy flow) 97558 > dodk g BRE K LBl e 7K
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PR RA TR BEER FRF 2 FF (factor) 0 TR Sl i fLan T

3\1‘&

B BREGCRAZANPI R D ITERRAFIRIT TR L KA
%%%%ﬁ%§Wﬂ%ﬁ7%ﬁﬁ%’&~ﬁﬁﬂ’QU% FEE ERS U3 TN
2 F)F o fLE D440 S48, (control parameter) o i B F1F (B iERG]) TEH

W2 ] S

‘gh‘ﬂ

- % & RIE > @ RSP %ﬁ‘c} - BB TR f¥
(order parameter) » 7= L " & & %38 ; (collective variables) » % 4v 1245 i (Haken, 1977) >

VAR

4 Frends (52558 ipfE A 5 (525N @4 (transition) F AR T - Beek, Peper,
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and Stegeman (1995) # 1w 515 (attractor) e A * P A AN R IR % o ,gjjﬁ
SR E R B R 7 L AR (Stability) £ R34 s gtk E %ﬁﬂ IRV
AER R T T NE RBE TR sl 2 (well) EAR A4 24 F A
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35l 3 0 A FLIHEMET L L D (-) BslSF (point
attractor) » ¥ - fE Tk it > 407 B WAL A 5 (2) FP 313 (periodic attractor) o
ERenpe @ R & (timescale) T » #7522 PH > SHIFRFEHGE > FRERR
-KEE AT EEF S (2) B M5l F (quasi-periodic attractor) » 5 i3t iE Ep 4
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w33 (strange attractor) » 2E&1E ~ 2 FIARRIRAE T > FrP F A o F L0 kA
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- sk AR 0 Y F A AN g f (transition) o TR Es (TR A 4 e g o
ERFIE T R TR A R L2 2 5 > Newell and Van Emmerik (1989) ¥ Van
Emmerik and Newell (1990) A {41 * 3 B2k g (draw) & (F4F 7 B AL 1 (Fr 34400
BAZEE I AR S % RS N RP BRSNS
B A %REERTET T Newell (1986) #rit i eniBs @ g2 L FIBAE - 1 (T2 R B U2
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L7 +333ms (30HZ); 2 BE AL BTHTA LRI LS )21 0lem; ¥ b 5 %
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~ 433 (coordination)

Bernstein (1967) 25 tA R EHE N S cnpd Bo X R 2 @R 5 - B 7 3 5 sbLenifz »
BRES SR D B fEp d R dln £ e% 4 2 e R R E S & TR 2 R
Kugler, Kelso, and Turvey (1980) 1 2t Z U4 Bhp d S 2 B 52— 75 H

> 2 ‘3,%;0 /FH?E 11. F%F,ﬁgﬁ\jﬁﬁ;lf%quq?&jf%wé:};;&;;.}:}_g éﬁi@ﬁio

= ~ %R 3 (intra-limb coordination)
A M A g B TR X B TRBZ 2 IR T Er A

2 AR KB E LM E T Y G AP T R A ARG BHEFE B

>

ol

RELEME RN A S LRREET A RS AR TR TE 4 ¢

|



FERIE IR AL R MR R RS TR TR LR

=

#9258 % & o

= ~ g * + (dominant hand)
B L BHAFS - SpHE EEE IR 2L w2 B R A T RES
PR d i 228 a2V ARy 2R RFEAHRIRITI B L

EF ¥ - 2Rl &G 2R £ (non-dominant hand) -

w ~ £ ¢ * {4 (hand preference or handedness)

Annett (2009) 2 i A - BE X FIAFIEAE > (L PBDA 2 e £
B s BRI IpR & EpF > @ % LB RARE > ALV H - LR h T
Rigal (1992) 2% 2|2 L RMEZRE BERFFERA T E > B - H* PRSI0
1% (hand-efficiency test) % 2 > B ALff Z 4% chf® B2 S 4> Rt (B2 R R RE4ES

RécAmmy o Coren(1992) i * SR 3¢ 2 miFL i 8B AR R EAdd F 3K
(FERLrir— ) #Ti A2 Rl A2R > 7 4 5 1(= ) %+ ff * {2 (strongly right-handed) :

33-36 & ~(= )® %14 * |+ (moderately right-handed):29-32 4 ~( = )33 + 4§ * |+ (weakly

w
-

right-handed) : 25-28 4~ > 2 (= ) iR & * & (ambidextrous) : 24 A ~ (1 ) 3 = |f
* & (weakly left-handed) : 20-23 » ~ (= ) * = 4f * |+ (moderately left-handed) : 16-19
a8 (=) =g % {2 (strongly left-handed) : 12-15 & 5 ¥ #f LR S g £ 2

AT L2 REEBARICLFE N

7 ~w 5% (inverted position)
wuei ¥ i F BE 4 (writing posture) 2. - f& - McKeever (1979) & & #si= %
(inverted position or hooked position) % # 4 % % >t % 8 7]+ % » 4 2 (pen point) i =

-

i

LE e T R R

3

EUT R AN (4Bl 1) Fo o 2 AREE At R EA2

7
~



(F4c@® 2) 0 Pl » e iz B Szeligo, Brazier, and Houston (2003) 4p )ik e £t

B SR R AR ] 0 fe 2 f r SRR S AR e

% % (handwriting)

Berninger (1994) 232 B2 H W { - /& (TH37 > 7 £ - AR LB RTEH T
ALK & end B 2E 3 5 Sassoon, Nimmo-Smith, and Wing (1986) Rl 2 B & £ 38#: (%
s riRg T kenw A guEt s Athénes, Sallagoty, Zanone, and Albaret, (2004) 322 2 3+
TH 55 07 Lfupt (visibletrace)o 2477 2 3 B Gdp BHA L RATR L FAS Y

B FESF OB e (T oo

Ef =

=
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$7§ Friep

B PR BLERIL G T B I FERBUFIT T PR TR 2 i

-

(Newell, 1986) » ~#7 7 & _Clark (1995) #7311 B U e 7A€ ~ L TR d + Y
FIZBEEFR A HEI AR EZEF AN CEFET RN LML 2B
B LR F B L TS R s T A2 _§ﬂi%ﬁﬁiﬁ%’ﬁﬁﬁ

FANF KRG AT E L LTI FART
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FRE YRR
ANE ERAREZ DR T FERFE LR AT R B T BRI
AP e e E R B S BAPM R T c AR ERP B R AT ¥ -
B MR S F I RE L AR AREE S8 S R4

TPl 5 5w &> 2 R T2 BRI LI T4 57 & vzgu—g s R RS

F- 8 HE RGN

Sassoon etal. (1986) %% 3 B A LB ITLLHTRT T Renv L > AR A Btk

BT A% R Tl fakkids 2GR TR I AR

(handwriting-like movement) 3y % & chtk & (sample) T 243t iE- M aEs k%

2 835 Lpd JIRE B R R e R SEUE T RE Tl
2 B BEEFAL L B - RS HE -

F1* % @& it > Van Emmerik and Newell (1990) & g * (£~ 2 BT 5 17 & &2 [f]

B C A ER B AU S TR S BN S LSS R P B R

5

gl % (limb linkages) crAp AR AR SEF FIE S~ 2 2 BT 5 3w d KT 3|

B2 iEARA Ra 0§ 3 IEIA Ao Y s g BB dr % 5 4 (topological features)

)Y
o

A g L@ R Ar A R ST BMU AR pd

Bidaiplz 1 Fp & ¥ 3D ke cnsg (transitions) £2 7 % (invariances) % %/
3 FRF 5 Sl E TR E e F T2 B % o

Meulenbroek and Thomassen (1991) %= B ¥ FHikHF RS T B T2 a8 B 7

B %P« 5L (independent spatial reference system) » # — Z 5 It 4l 82 £ & AFf2 3

% %u (anatomical system)> ¥ — 2 @l -k T -® Mmik2 %@ % s (geometrical system) ;

H
o EEHRR KT P o L D GRS T R sk F KT S B S g

BRANEANEG o VAT KT 0 R I B EG X AT - R
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(incongruent coordination) - v]iéﬁiﬁié Bl HI k-4 SRR g §RBE
xﬁiﬁé'ﬁ~ vl BB T TR L AUE R B e AL %o om SR kAR A

EPBE AT S AT B A e (T RS B BRRERE B

AR BRI U E F AL ARY R KA e BEER o (FEF

fRR) i B A AeaEE B o AR A o

Mo £ o2bae e v 2 F % £ 8 (left-handed inverter) o > ff * £ 2t we
(left-handed non-inverter) = &3 & # #F 3 5 # 3 2 = % % 3% > Meulenbroek and
Thomassen (1992) # & £ AF =8 > I 3 A Ry 2 F iR TLA T BE T 3
BREFUE LR XI5 EHF A FF I > A5 5 BERIATHNE
T2 w2 odl PEFT S FFEI AT IR L B ARERARTE S

B AR KT ML Mg dl o St SRS A SR SR 2

l"”‘

g A H A BRI GR R P ERF IR S RF S R A L
(rightward-slanted script) °

Athénes et al. (2004) £ Sallagotty, Athénes, Zanone, and Albaret (2004) % B 3
FI* ApFe RlSk > 2 L Ap¥H4p = 3F 4 (scan of relative phase, RP) £ 4p $F3= tg 3%+ (scan of
relative amplitude, RA) » % & "EpF4s > v B2 PFrds > w cfy 4] 0 PP E PR E L (temporal
error) » * Mg b A E BT B2 B 0 B % Athenes et al. (2004) # IR G i g
F175% E_p # (spontaneous) @ F& T 5% o ips EF R F Va2 AH - - fE355%
it- 3 > Sallagoity etal. (2004) 77 3 # 4v > T HE L p (ff*r £ ~2Egr £) w3z

Rk (p#FER-FER) 2HFF > FREFT TRANRS > BHLEHIZ A0,

’s?iést%’; ﬁ‘gm"l }i]-i -r#‘aL7ﬁ“@"ikr‘*q’iﬁf§?i*{i{;}»%
P L“Fr”/ I}f% ’ PE"F{ 3 ib%};{:f&_@i%:ﬁaf %—lfﬁ;ﬁ, .

Dounskaia, Gemmert, and Stelmach (2000) r+ %[l (circle-drawing) % = &% f X &

B L3 N2 415 (line-drawing) 1 FiF 2 P Bkizis > H P 31 5451 (- ) Wi

R

(z) Eig* 24p~ (2) dm—dpkhfeis B o2 faFa)5° (equivalent

pattern)» 12 % (w ) %oz 5 (e " B & dp e 5 egmetd B2 2L4p e A53% (non-equivalent
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pattern) » L v AR £A550 S A AL FYPARAL LA FER I B RE - RIS ELF

BRI IFPHFTRL A P4 B4 (biomechanical constraint) £ 1 {524 e
T

EoBrBRBELRT AFREEL A BN L AT P FR KT 2 ARG
ERPE BEFR RN EER Y Lz WY T2 AR AN ik

VN b PR 1 FE RT o FRERE P E RS PEHRNR D AR TRELIR
1 iE AR IR 5 VAR, (tiltedoval) > i34 7 1 TR Rg 2 BH o RiE L
PR AR 2 R T ORI (TN A T TR e o it S e L4y
LAAGE-pd B2 AR 2R FEE AR ERSAERT X ABRS I R
AR RN R - HRE . FES T Ra g o TR iAarnaEed B
B AT ki o gL HE- Ad B 1}“'?7;‘24 '\?’}%‘cj RSB X kA2 4 TA

Jaie—- - o

Fo8 $RBCLAMPETAREY
TERCEFAFHERGBL AR SR ARG FEEOFRE R
Pl g AR R A B TITE B b TS H S m 2 A gt 2 vh o Teulings
(1996) wAE:iE2 P M AT 0 kAL 3 B de (TP HOR 44 5 2 B (macroscopic)
ML (microscopic) 14 2 3+ & (computational) #-31= + & % > HIER RS B (Ti4 G

i B4 Z o w0 i Hollerbach (1981) 194338 ¥ »op ol drde 3 B e B2 %~ 7 HH

)
=
:'-r,.

WEPRFRE S wATEERF RO RPTH R T REREL MY
BEAR

B ETF A S0 A gt (off-line) i H1% % 0 03 B 2750 ] (pattern
recognition) z_ 2 ;8 R4 TR > HR AR F UFERHE AR 2 s RSB M LE > g
NI E BEARA L o LR 2 e BB A 2 % 0 Longstaff and Heath (1997) #
Mz ped]> TP FREERF MM AT 0 FE 18 58y & £y

L BAE B (cursivewriting) - 34 gt il (3 F AL MR G )2 BT —“madronal”

-
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M EEE SHEEESRFHE SRR O HRTI B ERRGEIER -
R T2 2RO - R (RABFHE) SFERFAPY - P > 54 KT
- B ouEE Iy W%‘r FitLE o

Longstaff and Heath (1999) ¥ 12 % fazbauft A 457 B2 > dod* 2 L ¥ 54 fpdk
(largest Lyapunov exponent) ~ B 85 s & (correlation dimension) % &% 3 & 2. FF [ 437k
(temporal characteristics) » 4-£2 F AL & F U7 204 77 3 i * 2 1w iEd8 0 800 &7
FREZFRT > B ITERL TR S TR AR P e 2 e R
ARG o B AR ARG AT MR 2R %L R s (chaotic

dynamic process) z. & 4 & SEb A R A TNRBE UE A H 4 B B oEEFEREE

GERET G R IR g o T S Tig e | (butterfly effect) - #F i el o4 45T

¢ B A S 44 F 5 Fernandes and Chau (2008) & * 474 2 pl1 Bl &1 F e f

BHeETBE TS A TiEsapr2 gt 4 R (radial force) o R ite 77
ERTHNA XA O] A PSR RS IF PR RET
PhdEd B Lp FE2E > nPaRF R NEEET R

HREE T2 Ay F R ey WY (drawing period) 224 5454 (grip force) -
BERTEFANZET - ARt R RN BT RERENLES LR L

Lt 2 AR Lt ARG R TERE RELES 2 BIRSAE (fractal
properties) e

2 B 255 (handwriting patterns) 5 7 % £ |+ » Djioua and Plamondon (2009) # & #

Ty 4 § &2 B A #2432 (personal digital assistant, PDA) 44 £ % (smartphone)
3 B FER® (recognizers) 2 BB Ji* E #1234 (Kinematic theory) {77 0 3L
B iR B & kpatyep A k5L (neuromuscular system, NMS) 12 2 # z_ (scheduling)
# 1Tz 3% (motor task) 2 ® &4’ 4§ % ko (central nervous system, CNS) #73l A= g 484

BRBFRRE SR FRIFLN D FS UG SR P RFE BT R E R



BT RIRAS AREE TR SR B
BHRERD G 7 AL RE L PR RIS R LTS R IRR i S 2 i

B AAZE R - R A BHOE AR A FHERGFE T SRR DR B35

Y
\l‘?ﬁujﬁgi ISI)’ i‘z'ﬁ ‘Sﬂw"é'\*q’/ﬁ-n/é IF,—»EH i‘F}s’ ngqé‘aﬁvlfi,ﬂ
BT LRI RRE B A ERE L KL B R

MpLEER > T - SREHT BARORIE LTRSS

=8 ZBwimapd

JEd % Benpls% (test) pl£ (measurement) o ¥ * v (evaluation) Y B
FI R g AR RV BB - BRI R A ARA 2 TR T BB RIE R
SRR LR A RS T AT RS BT A TE A R T

8 fcdp 2 9E LA R s (700 feniB 42 o Tucha, Tucha, and Lange, (2008) P #ix B o

Medwell et al. (2007) o 77 t£3 f5d $+3=F BRl% TR L0 F B SR (neatness) » &

m

rEmag RaE &M i E BpE oS A B % B (product-oriented) i 4%
P~ (process-oriented) » @ K 2 W AR e Ry £ B FE 0 L5 BH LA MR

:E;'% ;\A,\_g‘,i..ﬁr'—f °

- ~B&5Pw

B R EEe o RIESEEFE RES dosrt (legibility) > o #oix &
AHEEL S FAFHTREFR LTS PRI RFLETRRELRGR  ER
ALV RRSVE-EMEATRRATRFIIAERRE A EREFL A <)
(stroke size) % (] : Graham & Berninger, 1998; Graham, Weintraub, Berninger, & Schafer,
1998; Summers & Catarro, 2003; Van Gemmert, Teulings, & Stelmach, 2001) - % % B~ R

AT ROL > BEANEE - KEN T RARL TR LFRLER e RehY 2 o
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1295 Fitts’ Law R it 2_ & B — ®r2 B 2 # (speed-accuracy trade-off) % (Fitts, 1954) >

BEART AR WA ERF AL » LR F T B4 L

% o

fa

AR P
PRSARHEERDE 2 BRI hBR S - PR LG R ST E B
PEFRE I RAFALIRCER chER A AT AR - HRAZFEET TR

R IT LR B R4piR % (&) : Tankle & Heilman, 1983; Meulenbroek & Van Galen,
1989; Van Gemmert, Teulings, & Stelmach, 2001) - #* ¢t » Tuchaetal. (2007) # ) 2 :% B
2w 4 # (number of inversions in the velocity profile, NIV) i 58 2 & ivp & 1t
tafhk o FwhE- GGl M BT 22 % Hip N RE TG (3 BN AR ITE R X
E)NIVEG - 273 B F4HR > @R 5 B T4, (bell-shaped) [ itz
(smooth course) » Fr ¥ A« ¥R e R o B e b B S AP e T
AA5 o tha F BE T 2 AL g (] Jasper, Haubler, Marquardt, & Hermsdorfer, 2009;
Tucha, Aschenbrenner, & Lange, 2000) - iEA2B~w B ;1303 BiE47 > BRGS0 & 0F
AL pahiaiia s > AR oo A B4R R FRBRAE ST E G

MR AL F AR T RO L E R R BT TR BNET B

—=

WA o

BT LEAT ,‘{g:j L2 E B AR e E IF (psychomotor) shdr fic o

full'

VU SR R BB > 343 B AL 1 (42 0 E B (T A PR

Sr & TR BRIFIE I T
Newell (1986) #-*14[:&— H lma 5 B~ TR E 1 F 4] > 2 fAsg2 %> FF F >
U2 BRI kg2 o2 AR RIS Yo a3F 57 5 FR
PREBEEFELCEBENF LI T L) a R R § B (T

A LB RIRE 2 T B P RO WA Lk R EEAHT AP
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+ U o ARSI 1 (PO AR o

ERT EAR #Eﬁ'ng){J?«‘fﬁ I ER S RTARRE AR AT A PR ’F

‘11

i g

P2 B2 £ (6] : Graham et al., 1998a; Graham et al., 1998b) ; @ BB in g ~ 4
GEEAIAGLFFE T IR FL AR eSS FEH RS T RIR

WRE S EHF R TRERBANT BRI ARE S PF AARELE (5 Teuling,
Contreras-Vadal, Stelmach, & Adler, 1997; Van Gemmert, 2001; Longstaff & Heath, 2003;
Kushki, Schwellnus, Ilyas, & Chau, 2011) - izt $2 5853 07 AR 5 - fE B AR 4] - 1
THH T RTEEA TR, o TER Bae s et Ry ua Tog

£

e

BEAGZH | 2 BHE L TS RS -

SR L RS ERE Y

t 3 & AE % > Chartrel and Vinter (2008) #-#&# /3t 5 3] 8 g2 100 &+ g * £ %
E-ﬁn;?ﬁ BALzE RLACBEBRTREAFAY BT 2 T - B R

LR (BEFRER) ~ 2R WIFE (Fmr b FFEIR) N2 FRF -2

=

|
]&i’ﬁ (Ilﬁ’»}} )—i}ﬁ% t—Lf’?ng’:\‘z’) 9?%%%?;&3 I,E #E'g‘}'ﬁ;&{_&%ﬁa%;‘:%i-} ﬁ;&fiﬁjé_
=) F =
BERBZWE P SEE BARSCET SR BT L LU R E K]
LB LFER G U R AATY F 2

R S E BB CERE B
4
1 %

By
dOEH ARG A A B N R R T

B A T3 4247 7 AR5 > Chanand Lee (2005) 127 <~ 2 8 5 3t ikens &3 X4

(B A FRFRFEL) AT (e E) 28T bR (KT 15 RME)

~

2 FEZ B (3mm-~5mm-~ & 77]) » ¥4 g§ é/% ARG 0 5 F S

ta
PHEAFVREIBERRE R > REFRE BA IR ATLE 3mm FEETA A AFE
- "}5 ﬁ{'}i—_ %‘ 1?)‘{ y {2 A |/§_"J‘_A,\ Py ﬁiﬁ’mf’fﬁf"i\‘ﬁ 7 e #'J{ﬁii% & s féﬂfﬁ

BB K EBER BRI S BER L e Y LA EHE BERE S

PE ALETERECPEFRP TR R B AT gL R ET B B2 R
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HL R R EARERF RN RELL @R AR RRE BRL Y
VS Y AN S
#e i 15+ Chan and So (2009) 1% 7 f ehiest 4452 3% 847 e £ &K E A 2

TEBHAMEEHET R ES (611K ) ~ 254 (20-23%) wrx & 4 (6570

)z & w20 %07 4 2 L5 At 4250 (generalized estimating equations, GEE)
“AF £ R w s (multiple marginal regression model) ~ 47 & 241 (1) 2 FE BT 6
FR (CkTEAEISRALE) () TR 3w (RTALE 2w ) (3 FiEZEF (5mm -
mm i EES)) FRTLERER VR A BECAASEF LR AR
¥ > 3 .- 4v Chan and Lee (2005) #= 3 © #7ELZ 3| eIk % o %\fdﬁ AiTRET BB e
B R AR FF ATEER > JEBIR Flhom AriE o ph b F %Y L BRI %ﬁfﬁ*i%i’ﬁ

BEEP2Z T RNBEE H A2 RF I pEIFBME L T2 8-

L) iR (e b)) IF

ETIRN
b4
A
o
Ky
e
-
5!
rB
e
g
R
%
ik
*‘5
S
)
=
s

%%%ﬁ”ﬁ7?iﬁﬂi%QW%%%’ﬁwsélzﬁizalﬁgﬁ’w@ﬂ

S

e

R
b
o
9
%
P
iy

R B~ rps s LS LT A S S SaE S A RS CR e

TRER M EL e PP X R DL RE RN ST B R

wmalpr 238 (non inverted lefthander) $i=d 23 423 B & (FpF > % 3 X #ic? §F
Bt dE sl b TH/TRLS GENLRF I E R LumIBE o L BEL
ARFCF IR IIREFTERY eI R G FIRT R T & R—d 2P
BAG 0 TR P - T B R B i+ & (functional adaption)
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fF 4k 22 Meulenbroek et al. (1989) ## 3 # #7% & chjz Fag 3] 5 77 1 4+ % > Szeligo
etal (2003) #% A 2 B &R ETHIITHE > RIS PHIRELR L REAE
R EEZ T PR Bs 0 £ R (adaption hypothesis) @ Tie sed B F 2
R 2 EFELFRTHLE AP A TR S EAE  EFRE IR EAESL

REERCE LS

W

ﬁ
—w

ZHRDINFA) Ao i > F S A R R FREL AR IETH B A

A
DB BRI RBAEAFER S R EN AN AR T S £
%%%ﬁéﬂ%&ﬁmﬁ»,% AR & RURBELH (tuwd ) 2F7EH -

N
Tankle and Heilman (1983) & L& %% g * £ % ¥ 2 &4 Z B (mirror writing)

A R RF S - PRI EF S E N T ERF R Y

BhF R LW FTEFRET RERLRER . 2 LRI R R

fg# £ g 2bg w £ AR ST LEFE e & f £ - 43 B (normal writing) 0 #

=28
N

PAaZBErt s ed

B M EF AR A8 D B4R (errorrate) a0 R IEH
FE B R R RREEEF I I REE R EE L 2R
H(2EFR) FREDIR T2 0 FRI- P 2FRHHE FRY 2 FEFH
hE BPEF RSB R RRT o T S RERROT LR Y SR R s
T4 c HRDZBEENEPIRZES D (-) 3 Bk R (spatial bias

hypothesis) : = {f * £ % ¥ jpf>T - ff * L% FF LG 4 o REIFhE B2 et (4

i) ERZBHBIEGETH (-2 2) 23" RARERY 2 BET W

KT LAE R LRET G R MHIEABRIEAEE T LR L S8
%3 T (=) &R (mirror-engram hypothesis) @ + £ %6341 F &0 =}
*EEBEV B RRY WG G F o BRI SRER Y TS RERGG

BPEF S W p i ensE R (Orton, 1928) 0 e bt 2 BAERE 3 2 F A ATk M2 g It
FoATRE T TR G Bt S 2 o (2) (T EEL (motor hypothesis) ¢ i d £ £

BRI B EARRT e DR S ER L R T HEGT B D L RE
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1948) » g+ AR A FEH T T 0 L L FR G BAURE R S RaE 7
PRkl iTEisdotdfdt £33 BRMBZE?FTLHFLRP > A RP LR Foi
THRITR N HEALLI R AT R AL AHM TR
w3V E o Ao r g2 88 - Vaid and Stiles-Davis (1989) € #74 4% Tankle and Heilman
(1983) 2 /% » B R A Bl AF 2 o AT REE D LTI LEE B
ER R A
Yang (1997) @ * §F (TR L AGT B2 0 BEFR LG LoEEkr 24
BFEEGE R AAROTR Y 2 F R RIS S Rt o Yang 35 B i am

P LR B o

if ’}FibL’Jr‘F,"}FA%-%-ﬁ% o B r T S

FRAN Y £- nd AFRAEAG LRGEAFR LR ARSI RENHFLE &

'fﬁ’* iﬁf%‘% :%'T”iﬁﬁ#"rﬁ? + - Jé;% BB fv_'fﬁ’* £ 1% i'f‘F{@r .J.Jr,;_%. B2
BEE R L LR T et L BB

Newell and Van Emmerik (1989) % = #ac & ¥ (skill learning) &_4c ¥ "4 fid =
IR R T BHERRET LI Er BT - BET L TN A BRI

47 ¥ 5 (topological characteristics) ; 77 % © > 5 i6 # if 1000 = in+ £ RY > P f

HOBRERR TR P SR LS B F L Y 22 B FY o DAY S H L Ap R (paired

cross-correlation) 2. #35 = it e & SR B R MR BEERE LSS B

(right-hander) r/ 24 * £ & Bpr s B (0,50 e * g % £F B2 3550 im0y
R hsh (distal) sEM H o fI 55 (proximal) MR FE B H T2 0 F R R

PR 2 B2 1 Uk e~ (S0 FE LRI d R TR e B2 f
hander) P& &5 0I % » BT b cnBARE T > doie * 2L13 0 £ 2 $ iF

eft-
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B R 2 MY hE R L AH AT TF B ARINE o gLk s IR
RIEZRHHE w0 LRET B AR 4o

FE o BE T M AR LY YA RIS AT FL 2

|
fmt.
ﬂt
A

d
e
2
)

4

3
>
a’
&
B
B0
_\*\
.I‘Jﬁv
ke
e
2
G
B
(\x
(=
WP
b
B3
&

EiEis s 4 r BT LA LM TLRE > Fd MO LRRIRE LS (LKL R
REBIELHNTRLIRL BHEBEA L
¥ 8 ER

R TN A g SEE 2 AR N T RS

(<) - REBRER (F* SHALER) +H* T BE5HE BFEARLE
it RES IR LA Bt R E A SRR E LR ENTL

B AmAMEEEEF P RAMAERIE IRLRELERE o
TRFEEDIRFERC)  RRI[IEZLPET B

WMEF A RenMS B pMAERNZ PR S LRERE o

() F* EREFBFIHEBEARS I FRELJ A M &8 M AR
R IENTIS IR
(2) 3 BFMILABFERELEIRBLBAR L] 7 F PRMEAT
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X;H Y EE—}’\ F?’EL"!:' :}ﬁ”“‘ 4 %- ?il

% 7] Pf’*”%ﬂ*’ "*fﬁP\T‘?‘vp’%q/}\‘ v FF

r% 7 ~A %

§ B ERRFEIE ORI &

>
~

=

FZRENTLE N - w?%%“»i’—"ﬁ SR FHREBEH S FZE PRI GRS
Y
2

P B trLiAeni Ry 128 (6764 ) TioEd 2301254 K
By LR %A53592+.29 4 Bt v 4hi(Q ¥ 2y St B 12
(45 8+%) T2ag2227+303%k 2R LS H13.92+£312 4 > 5w =
P Q) Bz 2 fusst B E 124 (69 64) Tiomd 2158 + 212

BofEr LR LA B 1533 £ 401 A 0 A5 ST Y B2 s Ly L e
4
¥

B AR AT B UERY R ARSI RIS AR 2
&;ﬁ»ma%ﬁ’%gzﬁWiéi%gg,é@;@mi%msxﬁmiyaga
FEFUAHBICEBERNR LT ALY

R

P BN R HBATEBF Y LR (Coren, 1992) 2 % SEF R T

Fip (- ) RY KB A FBPASEBAE RV ARSI AHLRERY

<+

FEAL G 2omx2m (F A REE AR EA L) AU F T2
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