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ABSTRACT

Introduction: Several investigations on the mechanism of motor control and learning leads
to multiple theories in this field. The purpose of this study was to examine these theories and
integrate them into a conceptual model for a better understanding of motor control and learning.
Conclusion: A series of motor control studies have demonstrated that many movements,
especially reaching movement that requires high final position accuracy, consist of two
acceleration and deceleration phases. Review of some motor control theories show that they
are consist of two parts so that each one controls a particular part of the reaching movement by
different mechanisms. Integrating these theories, based on the neural structures involved at each
stage, provides a comprehensive understanding of how to control the movement. We suggest

conceptual integrated model.

Key words:

i 1. Brain

i 2. Functional Laterality

i 3. Movement

i 4. Psychomotor Performance

*Corresponding Author: Alireza Saberi Kakhki
E-mail: Askakhki@um.ac.ir

]


http://dx.doi.org/10.29252/shefa.6.3.79
http://shefayekhatam.ir/article-1-1739-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-19 |

[ DOI: 10.29252/shefa.6.3.79 ]

yay UL».W.)L: g a)LA..Z P W 099

Ty a5 g il (051 dae T SSI (5 plo Lo yule 59,5 (53904 (Shluas

Oyl g o codll ol3T oSl 0o ygize a1y’
L)‘)"‘ u.&.e,w.n u.&.e,w.o 6.450)_9 oKl ‘GSP )LJ) °3)§Y
loblf ‘Jl).u}c sk}.fs_in oli.w;b ‘tS'NL"M""B) os)fr

U‘J"‘ ‘ul)'ef ‘&L?) u\.-.q,w 0 w).n oKl calac —wac 6)5154).»3 bj)ff

i wleMb|

VA5 Wl VY by gu b VA5 Crage VA tane Sl VWAS LTY el o g b

‘_gLa:d..i).Bicb.):.d.AASoA.ﬁ lnL?;S‘ G’S)’ djjoij)*SWlSA 65)):’(5)L.¢-“:’ Oldlas :ap2iio
g,JL'é)oLmQTQ%SA_?)l?SiﬂmA%).L‘:J&lw)ﬁ)@buumjldM.wlomW}O.ll)eLgo..\x;.A
JreS ldlbae 5l (5 AGHSAMIT 92 S 1 (6 x50k 5 5SS e Sy S estde Jhe S
99 Jols cadyls 3ls oYL Cds @ aS s OS> ohigas S > 5STas ol ools lis oS >
S amdge plid (S5 S5 e sl (B e widlioe Sld GRalS g Slid SRl i

P og o Ohgo ) pwytes &Sl polE Gise lag] LG e aS site s g0 el o]
o S0 mas o)zl Gulul ey )L onl 05 az LS S e S Sglite (slapunlSa b
i |y e 5 e LS5 e il S S S5 5]y 5 5 el e o

oy uuls |

2,58 Sl s Y
slesily, o Skee ¥

oS 50

S (6 plo Lo e 1 ghno ooims g *
Askakhki@um.ac.ir : Saig ypSI) w407

I


http://dx.doi.org/10.29252/shefa.6.3.79
http://shefayekhatam.ir/article-1-1739-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-19 ]

[ DOI: 10.29252/shefa.6.3.79 ]

wav uL»......\la g o)Lo..i} (v a 0y99)

625973k 9 Gwilygiy (S glacdl>

Ay 4y (69,533k 5 gl S slacll
s i J S Sl 655 e e i
Gl Hol3 guiljgiing Jae 09d oo ool ! SDlac-
S S o sl 5l 8l s ledllol 3l eslizal L
Je ly—iedy s sLp53959 (2 (o &l
O 9 9,g] pol )8 S s G rbg 5 o S A Lol
SLedlbl T 0 aS 1) o yiws &S > gl Cond alg
3l ool U s oy 3 G e 4 (69,55 5b
Jlie 5o 0SS (55 2 impaeln lapnilSee
5 Sl aily i Sl 4 4 S (60,5550 Jus
=ty Sl o yiwd )0 (69,55 5b Sledlbl a ST Lyl b
S 8l LS ol (s s S8 o 50 Can
i i 5l (Ve Vo) S e colaiul &S >
S5 sl b S-S lm gz 88l Cmly cs
ilygm iy J,S lapailSo ay by ye S plal
slealaiul jo culy b S/ G i i g
Ll oMslan by o slap—nsilo 5 (o 3,555

) 0S o Cyla

i 4l J 35S 3 31 @il J 8

Ve 5l il (S gt il il J S
Syl 1 e sLaclled 5| I o e ()
335 0 093l |y T (e 35555k (i 05 0
S o ddgl g aiile pas i sla obe Yoans g
am o)l sl il a8l )0 .(VY) 0 F o A o,
YU PIWE S PPN PRI | F LI P W SRS O P L S W
oledbl 5l 5l adls oy Sl (Jlo ol Lo 0,8 o
sh— eS > =l 5l 2B e iRy
S (V) S e oolaiwl oS > S g (6540l
39 i g S S il 5 3l L
8l o Lhs momal co B (] )0 a5 wdlboe o S'e:
)‘| oolawl Ly CA_TP 9 o)l..\_i S92 Q)Le,o 6‘)—?‘ tf'L")

Dg— oo =1 9 63— ,40li s (gl jeie gy Sl e

IS olB L (5 o (e Y5 (0 mpa)
S35y s olisd L 3 gl e 0529 4 ] 0 )55 5L
OY) 08 sl ;T ataion Slaglass g o 5|

3,18 plepacilSs o)Ll aiuy ail> P el 2 8lg jo
Sledlbl 5l ool wl Lo, Sasl, &)lge ,o Jlin gl
W)éw@‘}»_wjrtﬁa LgLQ:olii_wOLrw
S o e S o O ilge i gl g Lallas
Gl g adls i )l oS Culis
5 esthe Sl o Ll 55 g Laieds 63,555k

! Feedforward

1]
4]

dodlo

Slilgas 5 bl 1 jo aS cl gonlp 5> J,uS
g ae 0, 5 Sales 5 JLad 4l colis g 350
oolazu| T.S)? C;)Le,o S lej_?‘ ) )_:f)a LsL:b[aL.\J‘
sl b o S > 08 SeSe A 0 S o
a9 ghls e a S o ulon bz ae 355UsS
L s sloadan Al Lol o s 31 ail oo
S Al (V) osSae Jus 99,1998 Joo w99
55k il sl Lo 5 (1) (bl 8155l 5 (o2 2
S r—lSe S i A o> 90 )b Ken Laay L
2,53k Slop—sila 5 5 paali sl sl sy

5 = D> aiile SIS > 5l (gl e ol 50
Ayl sl oYb B aya S s OS> 059
sl i 5l o S ialS 5 Lili8l i g0 (sl
e by Gise 99 ol 51 S5 e S el Gl 5l (S
—eilSe 5 (552l sl (sl igP iy alSe 9
> o 09— g0 J S oS > el sl 50923k
Sld il Ao e @ Bly 0 S (o s &S > g
Syl 5 Gl iy ol Al 0l e
Ao ye @ 8ly 0 aS 52 ey D9 ge S-S (S >
Ao Sb e e S S > S ol ials

Mol 83l U5 sl il (o (69 y55 3 oLl
S S Sy 45 (elSin ] e (L Al o
a2l 9—dge a3 (F-F) 0,51 oalb 09 e
i J5l A 30 Cd Gamai Ly o s e LSS
PUIL SRV JPPE I B FUAE SESLINE NP JUIE T SLAL e
b eSym ol oo (g5 palip Gl o
b ode a omen (T Ve A) aib oo o) 1!
&5k gloadl> o (1 D50 a4 S Suielsnd
L (s &5 > S gl Gite Sl oY )8 0929
S Sl g euilipting Slapnsles sl esliiul
JESe 4 (Hlej L s by 1y w05t S
Sl b )3 (=5 2 Slgiws 9, walszu 69,055k
(F-7) 0,5 acalys s 6,8t &0 4 w0 0K
OO9= oy 3 A dzrgi L S > pgd s ol o
63555k (e ancilSo 31 onlisl Ly ol s 3,553
50 9 Loyl 51 Sy o Sl dalllas y0 092 S
CS o i 99 ol 1 S e S e Laglas
Wl dplg> ools g Ao slaiond o w wd
Trbe slad b (S amis g ot Seond )3 e
S B o g4z LS S i pslie ulwl o ead
S S o Sis iy S5 Sl saste Jaa

IRV PERPRY



http://dx.doi.org/10.29252/shefa.6.3.79
http://shefayekhatam.ir/article-1-1739-en.html

yay QLM..:L: g a)LA..Z P W 099

[ Downloaded from shefayekhatam.ir on 2026-02-19 ]

[ DOI: 10.29252/shefa.6.3.79 ]

als g

= 3555k

s =08 Gl 1y (=5, Ol jgiws (6955 Sledlbsl sl oslaiwl Ly oS coul 5L ails 08 Joos basms s :adl =Yy guad
S 50 e 05955 ]y aS wes o L | A ail> Joe SO io o) 892y e 955550 ] 50 5 S e Sl

Aol A bly ol G 9o Jos 059
(\Y-19)

W (F930 Joe

Al S 60,55k sledil> 4 S > o] )
Algi ged Camwd bl Saled g &y QU)J"M
o=l oei 2l g0 e 5L ) b o | asis
o &S .\_;56‘, olgi—ioy —9)° sl Jus d 5,8
ly plasl g esmd 5l G wa—San slagy Jomo a5 o)ls 55
S ol Gk il ol algn L e s s
@SPJJJJSQ—l)’l.\ﬁ‘(;j_I\YHyaS).\_;SJ)_’;;S
A S 0 S e olpiiy il iy sl Jos (V)
9 ..\Js_wGA OQLAT s.,\j)? )l_c] )l J_.B (FSP u‘)}»_..m)
J8las L as Lol jg baieay oae (9,0 4 (s

(Vo) ol oo Jlsal

9 i) (9930 Joho

N5 ot Sl s s cml o slassly
S Ol S Ely 5o (S5 e Ol i
5)_.......4 krb)é J;.\_A (Y\) \55_...4 ool ol sui 4_“)‘

V) 008 oo i &S >

DS o pp l e g 5o aal> S slaas] s
el sl aals gls 5l Sl Al Ol A 6
RN L ¥ RS VI L g A L S W ES U L S | ES
MWMQAJPJMW))QLg‘O}_i&AG_iJL
5 5o el gloanl 3 Yl sl a s o il o i ol
el gloasilp g ooz 8, S 10 S > (5 aelip

AV S

950 s

uLwS‘ aS o NTLsA Ql‘"{’ s} L.r;5)° ‘_gl_{bJ..\.,o
Joe SO 6=50b b YLl S o slas s
Cd A jio 50 ST ole sl S Lriﬁ)‘)
Eo— 90 Jolib 093 9,0 sloaJus (Ve \Y) 0l 0
9t 9,0 SLpdde 9 eS8 Lo e
oS 5 5y (=90 SLBJe 09— (V) w2l
DTN vl oo ool ol Glallas lawg
ol Sy > 5l B iy Sl (Jle le—cay
Je g5 90 Juld gz )l SO s OS> a sl
-(¥ )_aya.») Sl 00 DLQ(»_M 5)_M; L)“’?—i"‘ Lrij)o
=9,0 slaJoe ol JSis [y doe Ylaisl g (Ve VF)

wall
&0,k s
L Jlf D it e
i (4 e
— B balie s i
Olls S sl ! .
= N
22 R2 2NN
L gAY S slay s 38 asl]
Deac slal
(=5 o ot 53 il ) e oL,
-.?"‘!S‘“ e Jos
bl e ey
—z &

Bl e gty Jome S s lid ra ) CianB il oo 00l 4z LSS S50 sl Joe sasms i =Y e guad
800085 45) Gy (S s 9bisn S3l 0 9 Jae Lwgs (S Sjlgs Sl Gy (S S ol 0 S
(ol i ol Lo 1 a8 ol e ] 50t et 45) T LM Ly (35 sl il a5 il gy ]
Comnd 13505 g0 &S > Mol a9 95 oo plwlid Lhas s teay 05 250 N3] s g 955 0 dnlis
S Sl g lae (5,58l S a oliws @l o] 50 48 ol e weSae Jae S sauad i o

(V) aeas o Jlasil plasil any e o solsl I g iy

I


http://dx.doi.org/10.29252/shefa.6.3.79
http://shefayekhatam.ir/article-1-1739-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-19 ]

[ DOI: 10.29252/shefa.6.3.79 ]

wav uL»......\la g o)Lo..i} (v a 0y99)

é;s_)_c ;4,_—“—3—@

8y b ojlsm )b o am diny (1) Sl gl (a0
il )ls sl Ly (0, Sos 85> ,b) (s )3
e gz 5l Sl xve aw o((STHol olwlil)
o=l (V) alo i &ole > b LS i )0 348
5 Sl lssb 5o Jold ol 8)lg b el

(F) ol o o3y

il amlp S (eS8 1 oleS 8 8yl 5k
Ol Sl ey Sl 1 s a S 0g & o 2L
aolaohs goladibas os i oo Sleld SYsb
L,>_a‘9.>|).‘3 3)‘5_>)Ja YO) ol caus =90 ‘Sl_QJM Sg—=>9
5 L iy el cedyl Ll oo il 5558 o
—(u:_” Y )_'9@) S <\_Al4).b )I OA_A—‘ Cwd 4o C_sLu
3l Glasgorme Julia S =S > a ol a0 (VF)
J_J u_>|9:>|)3 5)‘9_7-).’0 .‘a_..uy ] u_ul.a le_méfs

3 el o)ly >k ol e r“"-’-’:“)l‘ 8)lg—= b
|, Jas S o,ls byl el salol iy i STl
=l @Sls 50 (V) oS oo ailie (e 3,95 5L L
Pl bl 8 )ly b Ly L a 25 5 oS >
e gl 5 T oiasls el (] A 95 s
bl 8)lso sl (V) cnl oS > m il g Jos
Sl b 5l (o sy gl bl o b
el &S o it g |yl Jis 0 il g o0
ey g ] ALl 45 > o (0 F ppam)(Fr)
ALl oS o S-S ) S S o e e (S
sleslaiwl Lo 1y o iws &S > pgo ad> 0 —wlissl
LS ol 3,555 5 i sy (e Ayl

(1) 95 o S gl & 4 e,
Olge |y abidls sl el g0 0 )lg> 5l Al asd; o (s,
S a g gt 4 3 A il a5 e
S 2 ) S 45 (bl A LSl 5 0 il oo
(gt s DS > ale gy OIS >y a3 oo

> slasely 08 (0 L8, (655 0 (sl i
Jome a8l 10 .(V) 05 (i | (S > Ol
ladaly 45 ol (e slwancd S g don (90
S sl e iy L) Joe S (o
OB YY) 4SS o s s oS o Sygiasd 31 ol
S ol iy )0 5t sla e 558 (Ul
Oygmo dmy (55 > slbs pdle 59-B e Sl (FVT)
ol JUES ogSae Joms 4y s 9 gl Pl diigy

9 9 gSRe (F930 s Jue (KoL

S ao ol gl |y (555 Slygiwd g Sae Jos
Ll joarads g oolal oo o SLET 51 o8 g llas S
Jtie Odlac an Wl s as d g JBlas L ol
S bl o &S > Slilye 4 gy Joo S (o0

C)L.o\a_.;)_g:;.mo_ﬂd S92 4oy (=S > Ol jgi
Gk 5l (9,0 0y 5k @ Bly )3 (Ve) 99 o0 &5 >
Sloasly a5 oS o ol8 1) S > i8 gty Jos
305 =3lg syl 5l JB 1, ool |, o =S o
Aty oad olonl gllas o, iy Jow g uuS o0 olo
sloasly ol o oS > ol plas 3l o8 g Ce pn
Jus )_i).o U)L,..cd._;d_'.f‘sn C)l..o‘ 03— ol_vulw
Je—taieds OMae 19,0 A e g Mg 00lol S >
50wl Jlasl ol st an az g J8las L ol ||
Ol ygiws S S oo slpiing g i Juw a S >

Cadgo 5| olys] o oMbl &gy &slie 5l 45

Wl 0 3929 4 BU B Cndg g Cwd Ao plo]

(V) W oo
5 3> 85l9> 5b & i

Ll ) aie ez bl o (S 815 b Al
S ygme Aol Al 535w sladnly Lo ol )l caJl

aoly) dal

Bl v i
5 // —
T
. <Jl
&

adsl Lyl s

Al

e

%
/ T
—

v

s Sloaly

2
e

=

e oo s Iy (Slg>l 3 ddadls el a s aas go lis |y o le> b &y a5 slya| -y guad
asile JLLanl s a0 aaly adgl cga g adgl (59,0 wiile (5> sla il )b jlesli il Ly a s

Aol o) el 95 9 ey o Atilo adgl bl B men g ;e Ve A Lol 4 Wb

Ol o aS aes e plad 1) wlidl A bl i 0 S pe 53—yl p g lEl ] il (S >
i 8y &S o (e Sl esliiwl g L 550 S5 e dely gl Ll s lul

]

(Y2) 0S8 oo ol g b))


http://dx.doi.org/10.29252/shefa.6.3.79
http://shefayekhatam.ir/article-1-1739-en.html

yav UL»....JL: g a)LA..Z P W 099

[ Downloaded from shefayekhatam.ir on 2026-02-19 |

[ DOI: 10.29252/shefa.6.3.79 ]

i lie slas,Shee J, 1S )0 jie slao Sar Sl
ool wl jo ez 8, S (5, 3l alaSls S >
5 S—olea slassll gl albsS ey slopyils
o lae s, Sol (FY) S o s iile) § Iy
Ut 5 () o s (K21 Ly 655 4y jls as
aQLAIdA|LgQ_§)>J);;;5)oM3J_i@‘fi1.§L3Lg)_Kﬁ
$r—staly Slap—lSe 5 gty DL

URECHPIR SRt

—oglio J S 50 e -

B & |) - o > 5 5 o . . | 5
So—te 75 50 5,085 v Lo | (oled Cmog
4 —— C - CA_‘...:‘) S)JM f“"‘_"“""“’ (EDY IPR-XY
O sl CmmBge J S )0 A O g0
w‘) 3 : “« - . 6}_})) )_) . inﬁ 5 ., | . " . o
B dan sl as uiS Boe IS 0 e s
Tl imren (FO) 0 o oS o ls (oYL —liad
ZJ_iAaJp.a_MMd]_)JJ)_:(\\‘Y‘)uLxJUaA ‘5_5-14
S e 3 oo an a5 sl slo Sa s
‘é_.»u&: )‘ QJ‘—"‘ - OSBA_C d-u.s‘so J_*SLJ 5&9_«.4.)‘50 QL‘X.:‘
5 (F7) =5 > slo glgenl Zsl jo culy 6, o
Coles FYVYACT) oS > 380 ailaw, b 4o
5 O ol pl8e an v oo a5 A sl oulds
Samly 7S (6 )55 a5l 5 (35 > sla Suasl]
am O = 1y 053 (TS sles el il o
FA) amaz slag,s L 6,550 o (FY) Gue cnsy
Gl y 8, S gy p dm a g Ly .o 09 (FY.
r;.»L_c)Ual ookl 5 (FF) —lad oledbl J,-us )0
Yozl (FF) —lo 9 (FU) —fos > 59,630

1y Ll 5 5 > Al s ALl
09 5 8)90 &5 > L5 aS o0 wdg &S > 90
i 355 35 (o ame 3553l S Ilbs 4 s
sl (g i 4 Ay ST lisl A lasl>
oS > loalhs oS > 5l il o555k 5l el ul Ly
U sl ool (38 > Sl s 5 ki,

V) a8 oo (—mgion ) &S > pg0 4> 0

T 8 Sod) y 2 i (S, o aai
s 9 b g8y J pmilS 50 (Gl G
J=05 50 (G Cmwd— il 8 5Sod) j 0 e
S > (—oglio

= S L ales,S s olsdlas 5l (6 b
(58 8,50l Emmd) ;530 yf g (5 0 8,8l amsd)
Gob 3l 5l L 4t ails slaonl b Ly 5lbas |
SSa 0 (1) S SIS 035k bl ]S
Lol wglite sLas 5,15 slim 50 8 9 75 0 i 99
2 S e 105518 (KB Jee paatS oS
Lo iy Jr=5 @l Tomsl) v Gz 8,5
Sors 5 Ayl ez adsl (6 )5Sl asile (Sealus
2 e,ls gy (SBL Jes a—ad oS > A
= Sl 6,80 (s y5 0 = i 45 (>
Cmsd sy dile plasil CxBge J S gl m Tz
(F mga)- (MY YY) ol (g

Qb oSNy J S 50 Gl y G-
slaslal >lg a5 o as o ol ol saly o
2 5 b S oy J,S 50 oS B ez 8, S
T e I T e
ldllas (FYTF) 005 5> s 5mpaebin g sl siin
g5 il (S SIS 25 leslinl L i e (S
s ol 3l jo 5 slaamsl (FO-YYV) 5,5 o b 1,
bl ] s s Voane 45 plos! ST ,T 4y
G5 b Bl it el s 0 B
Slp—ile 5 (> ryaelp 0 ilal

- T ™~

o
ST G e bR
A

( alygilon Iy s [0S

%

Sl Semdy SRS
\\V

r\/
&

——r——
\\
(2 58) o 3,505 o

\
(
Mgy S5 rn J55 S

=

03955l Camdg J s

e

)

baisS S aes oo s oS e calisie sl S J =S jo ) S e g 5 8, el plail slapi s —F s guad
a—iS LJ)—‘"S O la sl Ayl yS “’)—S;““’-.. BERTITE X ]): ba_uS J)"“S 9 - )—:" 5)‘5:‘“‘3‘ > r"“‘-ﬂ Cox® "5"
(D) cul (S (68,953 Glap il ay plasl calge ba S S g suily gty slop il 4 (5,681 5

2 Left hemisphere/right hand system
3 Right hemisphere/left hand system

[


http://dx.doi.org/10.29252/shefa.6.3.79
http://shefayekhatam.ir/article-1-1739-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-19 ]

[ DOI: 10.29252/shefa.6.3.79 ]

wav uL»......\la g o)Lo..i} o 0y99)

é;s_)_c .4._-“_3.o

aS cwload ool il ge—dg0 A_gb .07
WNQJ)?&JJj‘u}]AwSI&&MMT
S 0S oo JYaul lasme (OF) 0S8 o J—ito |,
e yd LS e cwn a S b sl Lad e
(BV) 9,18 laciy oz Jotnd Gsb ) (oonliins 2
6 8 i L > 8, S M oo 28 YLl
S i i (6,200 25 0929 9 (o
oyl 5o el 8, o A Cod ez 8, o el
3ol JL&Q‘5H3)_§Q¢J)|‘5;S)>LAU)€QM|)_?|
Lg‘ﬁLﬁﬁ‘&‘jabddeudeﬂﬁ&waéﬁjb
OA_wuaar_m.a@_wyo U‘-"‘ A_ub)o ML& u..&,_w ‘)_>|
dedan OS> gl ol g (Slesl 0 oz 8, s c]
o)laéwgé_iﬁbg}_«cu@ms_mamu;ob
waéj&wyyf|y@w]9(6‘\‘?~)
(V) 09— oo el

Sl leslaiwl Lo & ylge S ol (isu ol plo
L 5o adl> S s O 50 4 g (505 lg5 iy
gy oglhs waly oy oy sl oY el s
o S5 Shgiws v g s yaeln s 8 S
8l b (69,53 3b (S i (o 5l 4 il
WERROVIE S et SO U T
=25 Sl Gl ol |y oS >
s a—ass ol d ol 0 ez 8, S 45wl o
(IO o gad) ol (6 i 3L

Baid A Cwd i 5O o> O,55 30 5l eolai il 4
I NS P LAWE U R 5

CS o S g s J S Jgiane 45 Tl S iy
S| sl ool Ly e S, 65— ,40bp 3 ,b 5
aal> slaan] 3 sl eolawl by aS ol guilygding
0,92 3b 5l eslaul 30,k 5l e S > Ll eds S
Lbéum‘ﬁ)‘oém‘bdwlyf?fw
aS ol azg ol (V) !l J—uS ol e
e St Sy ) i 4y Sy S
0 )Ll (o s Dyl pg0 B dn (gl S
RN

o pwd &S 5> ol Gl J50S (SoS

(e Lgl_:m’_':)Le(c b F’S):’ 6L®Q)L¢(o )_.5‘
e olid pmals g olid ol m S g Juls
oo Sl gl 30 s Abg 4y (gl 45T (D) OY)
%098 5 paelip e 5l slop il L 5 09— o0
5 0l o 5L SLd gl 5l o egs 5 sl L3
e e 355k A 4 S Sl oad ooly lis

OY) el aunly

5 (V) Wgoa SLel ;S J S By 4y 25 >
5 slasbal >l 0 suil st inn (slyp—unlSo Y oo
Sitebip o 1) (oot Gkl oz 8, (S >
3,10 age A 0y50 LS > ()9Sl Ayl

PETPLICP JEit SR

- -

— e — — % ——
f () e B %03 gl P P P
ksl Ay AL
rrafne e | > 8 g b
el B B ) g o USRI P

P i

e sla e |
n A
4 iy
et g ST Sy Yyl e A, o et iy Wy By g s
Al s

e eglis T

S
=

—&

4 Predictive control
’ Impedance control

1]
]

fos (amass Ly gailigiiing sloanlp Al an oS > gl it oaspin 42 )0 Joe = B ygad
Lo 0,05k sbomanl® Ay 4y oS 9o it 0sBin Ll 5 (5580l o 85 (S8
Sydise J S Gl S50 a azie 5 Sl 8, S (S, Joe aa


http://dx.doi.org/10.29252/shefa.6.3.79
http://shefayekhatam.ir/article-1-1739-en.html

yay QLM..:L: g a)LA..Z P W 099

[ Downloaded from shefayekhatam.ir on 2026-02-19 ]

[ DOI: 10.29252/shefa.6.3.79 ]

uwdwgw%ﬁydubwolﬁlwl
YU/ [ FRURLNIN, ' g JU 53 SR g ) S G D3 o
uwlgwmpwwbaﬁs@wtp
JLQ.C‘ u_:)L‘J}_HS)O u_..u‘) ZJ_KM :\..\_Mo).:d_ﬂ.:)_a
%W&@ﬁojﬂ_@wlﬁtﬁ.(’\“\“)gﬁ@wb
o Jowe LSis o s a5, S Yzl (Ve £V £T)
uuM@b‘&‘Pa)‘ooWﬂwwsw
)ia_f = Slymenl Zsl o cly 5, Sad (5,5 0 3
O s=blg e 9 (FF) 05— oo sloml &S > Jobo
SleMb| 5l ool wl Ly oS > 380 il b ag o
(ol o bsly o aisS o cole> (YYYACY ) (s
6ol 8l 50 s slwo S 5l (6,10 s g Aslllae s
b S Cdlad i alS e oy eSS Lo as
A oo s |y cculy b, S (gldled il g o
C)l_.o‘)o Q_.u.:b fv.iwu._m)_:&_.o?o u.:‘dj(\Y?
Ol 3 S ygainlw g Bl oS 0 0 ST oS > ]
M»éusybfbhmbﬁ)gjudjm@
Bl s ez 6 S A S el 8, S lagd
el 1 oolawl Ly & )lge S pg0 Lisu Gl plo
Ay L a adls 08 pin Ojgm0 4 g o>
wytho sl T an iy Gl p3Y (e slpely
(9% oo do i o gty Jae @ 8ly 50 0,5 (o0
(69,9>3b (S lapins (o a4l slaasl,s
gl JS g 0yl dn la ys (alidl 8l b
g8 o, e Sl Jae Jmanss 4 i (o
Sl oll o | S8 > pgo B S
Sl 8, Ses Y aiml a5 000 o iy SLuSS
Gy =Bl Jae yaass a0l 3 ol o dmde g
Wiwo adl> IS slo o a S e iy a g ol
&9 58 (aglie S5 5 (oiliil B)lg sk o9y
ledbl Wl 0 e S > 08 Mol (bl
=S sl Jow Ll oS oo s (> 0,530
@‘5}1)5 3)‘9—")’" ‘uﬂj&&ﬁ J.\_A c)l_i asl> ‘(_g\.b‘)w
L2l 5l 8 e8> smyaabin sl aib sty J 287
Z,AM c\_fd_w)‘go)_la) ao g_;lJ.dz.?u ) é_:l.g wl_mlj_:

Jloel (omledil g il g Glap—asilio 1o oz
S oo L2l g slitge &S gt 5l B, (5 >
adglz b e s bl a g al Ll (080 F)
69,050 slodals g plas § Gl osd 90

w5 5> 090 Wy (KieS

R D L I e
g an oS > Jyl ddo o a Sl jl o a S wes
o s el g syl sl gty slap—anilSe
Jbo 2 S o olid pals il o (i wm A 50
69,5230 Gl il ool ul Ly a S s s 5Ls 1, >

Do S o ay e, ALl LS

5 Sl (YN S ap 5 aeSaal Sl llae sl
aS ol (las (Y ) o) ee g Like (Y- - 9) o),
2 Slodse Sjgo an Euly 8, S (S Lol
by S 4y o 5 ] S |y 2l > o (gLaaisl
G5 ol gl an yo (bl pae 4 oo o)
Sy o B A by (FYCTACY ) 0g b 0 oS >
Wy adile IS glaanld s el 8, e a S

OV OV ol w2l g ity K28, e aai

Sl i sla e wed )08 (g e a2 Lo
(FYY) o gryaabpas il =)l L sols, ~
S,5 )_..>La Jlos s aslesls lis (o, lid, slaiales]
9Bty (es e Ly g (ol JUSKme Sl 5L
Al o Ae=V e e ol s o oS o o i ildS 5]
Colar s SIS, > ey Cow a S by cl
b e YooY e o Ve ane oyl gt o
S, a S crwl Lo el ol o (Fo PV PY) cl
Sttt S8 3| SlaroamilSin 58 o s
Ol ) e 69,53k sleadls 5 sl £, B0
ol a5 culoal ools Hlis gadge ol o
o suban ]y s oS A ol 8, S

OF) 9S o Pz

8 sy oo B A 0l ol (SO L LLS T o
iglio lavgi o 35, glallas &l o a5 dLal
D gmeden SR G g Ly (el Bus e
Jome Sy (ils alal B as el ol ad b S
Sl (F) S o Jgy Sy by 3l g iy
> Sl S a5 33 8925 aie; (il )3 (553
diilod ds5—los g (Dlyids ((hoe > (5 wtlo)
=38 (=S 2 laesl 5l iy (=5 slaiSe—
el ol b ol (ol g oo 4z LS (a5 dal
59 St S e Sz LS A S
o=l o 3l s () cal 5ty sl oo 5l ogeo Sl
o> (69,9350 Sledlbl jleslaiwl jo el 5, s a5
eVl s K8l (5,5, (FF) (mlow o (FR) ies
ooy o ol LSS s ) B, S oals & La]
ot B ogdle Cils aalyS (6 Aty i
il y 8 3 Sood ol L 0l 81 0 SIS 1> 090 5 gl 5>

I


http://dx.doi.org/10.29252/shefa.6.3.79
http://shefayekhatam.ir/article-1-1739-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-19 ]

[ DOI: 10.29252/shefa.6.3.79 ]

wav uL»......\la g o)Lo..i} (v a 0y99)

é;s_)_c ;4,_—“—3—@

S Lot 551t SV, 5 45y Luen oy
SIS A L g gimstelin o 90 Gl (S5
S Al 50 o Ul Dl e g gl At 10 50
S o aiile S o Sy (el Sl leiear ai il
Gals g Slid il S g0 Jold a8 (ot
loanl ) (g5 jaeliy lap—unilSe (il o Sl
ALadl (ug—Sae Jos Gl ail> ]S sl iy
S o ddgl Ao e 0 (St S8 g (B8
2 il oy o a5 dlige ;5 0
9510595 5 (6 it (Sl Jres (amatS e 8,5
Sty S5 g9,-b Jod Sl eSSl ad>se ol
Sy9-25b aS Qb el Al o o ol jlas S o
SomslSia Bl o st 3 5 ) ol
il S 50,553k slmanlB) T 50553k
(oglie J )8 g (il ALadl> cg oy oo i
b oS oo JS 1) €8 o Sl 8-St g dais Loy
oolit_al g S 2501 Sy 15 3l o0l Ly aalllane oy iz o
il lapailSs IS0 0 48 (ol (ulid gl
(s e S 5> S g0 9 Jol Cand 0 | i 9 510
ez S S5y ot a5 2y 5,5 S
a5 Jgl it o sl el el J 0S50
Ay ddl> (il o il 5, o 8L Jas
ab (e CS > g dad 13 Bad Ay () 9
Sloml Slyeis L )55l a5l plSin Cnled 53 00 S
iz glads e S L cely 8, S S > 0 00
S ygo 5 A4S (g sl aleiil (Slwig, 4 o
uﬁﬁwbowoﬂ}owzjiw)ow

1. Yavari F, Towhidkhah F, Ahmadi-Pajouh MA. Are
fast/slow process in motor adaptation and forward/
inverse internal model two sides of the same coin? Med
Hypotheses. 2013; 81(4): 592-600.

2. Yadav V, Sainburg RL. Handedness can be explained
by a serial hybrid control scheme. Neuroscience. 2014;
278: 385-96.

3. Todorov E. Optimality principles in sensorimotor
control. Nat Neurosci. 2004; 7(9): 907-15.

4. Desmurget M, Grafton S. Forward modeling allows
feedback control for fast reaching movements. Trends
Cogn Sci. 2000; 4(11): 423-31.

5. Milner TE. A model for the generation of movements
requiring endpoint precision. Neuroscience. 1992;
49(2): 487-96.

6. Jeannerod M. The neural and behavioural organization
of goal-directed movements: Oxford University Press.
1988. p. 296.

|

P plnle (F) 05000 Sl ), 4 (550
Al poa S cul g ol e S 6,50l
Aol g ol lasl 6,8 5hw vous byl & g LaS e
o=l laeledog b Sl sy 4 Jl o 0 (S >
S u__m‘) S)JM U""‘ s J._SGA u_)LoJ' ua)_ﬁ
o=l g a1 S0 Lo —2d o Jow poss o a S
aS o o plal ganus sl e s L, I
S aS a8 e dlpiinn Slallas 6 s f9-S90
slolel G, am (Ul )0 (agos (2
0olice 0529 an col) 5, Ko ol Lol an (i0d
L =i STl b ol o ,Ken 5 5 .(FF-FA)
dl_m‘u_w‘)éj_i.o.uw_nj)‘d_ud_f‘)ud_:)“é_w
o as =y —o oldadsl sla gl o)l 5 o
g o0 Alge 55 g amie bl glbasl s
5)_110...! aS Sl (>R U—"‘ ao u_:‘ J._MS‘SA u_asl.a.o
b Sas yo a5 —elpil GlagSl Slw,se, 4 o ol

(F) el )_..5)0 cdiloa—d o)_.o-ou_;-

il Y| lalas myls ol oy ool by
loanl s gy ail S iy J)_zsﬁ,;_wwj_b;;s)_,
Sl A dmsie 5 Sl 5, S 55 T S

(O ymgad) S9—5 00

5 =S GloJow 5l (B oy il dsdlas 5l Gus
It S s 53 Lo T 09,5 4z LS 5 (5 > 5 Sl
S Gk s U (KR e S0 Cuz esiie

&l

7. Carlton LG. Processing visual feedback information
for movement control. J Exp Psychol Hum Percept
Perform. 1981; 7(5): 1019-30.

8. Beaubaton D, Hay L. Contribution of visual information
to feedforward and feedback processes in rapid pointing
movements. Hum Mov Sci. 1986; 5(1): 19-34.

9. stroeve S. A learning feedback and feedforward
neuromuscular control model for two degrees of freedom
human arm movements. Hum Mov Sci. 1997; 16(5):
621-51.

10. Rosa M. Co-contraction role on human motor control.
a neural basis. Journal of Novel Physiotherapies. 2015;
2015.

11. Bagesteiro LB, Sainburg RL. Nondominant arm
advantages in load compensation during rapid elbow
joint movements. J Neurophysiol. 2003; 90(3): 1503-13.

12. Haaland KY, Prestopnik JL, Knight RT, Lee RR.
Hemispheric asymmetries for kinematic and positional
aspects of reaching. Brain. 2004; 127(5): 1145-58.


http://dx.doi.org/10.29252/shefa.6.3.79
http://shefayekhatam.ir/article-1-1739-en.html

yay UL».W.)L: g a)LA..Z P W 099

[ Downloaded from shefayekhatam.ir on 2026-02-19 ]

[ DOI: 10.29252/shefa.6.3.79 ]

13. Jordan MI, Rumelhart DE. Forward models:
Supervised learning with a distal teacher. Cogn Sci.
1992; 16(3): 307-54.

14. Mehta B, Schaal S. Forward models in visuomotor
control. J Neurophysiol. 2002; 88(2): 942-53.

15. Kawato M. Internal models for motor control and
trajectory planning. Curr Opin Neurobiol. 1999; 9(6):
718-217.

16. Tseng Y-w, Diedrichsen J, Krakauer JW, Shadmehr R,
Bastian AJ. Sensory prediction errors drive cerebellum-
dependent adaptation of reaching. J Neurophysiol.
2007; 98(1): 54-62.

17. Porrill J, Dean P, Anderson SR. Adaptive filters and
internal models: multilevel description of cerebellar
function. Neural Netw. 2013; 47: 134-49.

18. Bastian AJ. Moving, sensing and learning with
cerebellar damage. Curr Opin Neurobiol. 2011; 21(4):
596-601.

19. Cheng K-H. Adaptive fuzzy CMAC-based nonlinear
control with dynamic memory architecture. J Franklin
Inst. 2011; 348(9): 2480-502.

20. Max L, Guenther FH, Gracco VL, Ghosh SS,
Wallace ME. Unstable or insufficiently activated internal
models and feedback-biased motor control as sources of
dysfluency: a theoretical model of stuttering. Contemp
Issues Commun Sci Disord. 2004; 31: 105-22.

21. Dindo H, Zambuto D, Pezzulo G. Motor simulation
via coupled internal models using sequential monte
carlo. IJCAI Proceedings-International Joint Conference
on Atrtificial Intelligence; 2011. 2113-9.

22. Wolpert DM, Diedrichsen J, Flanagan JR. Principles
of sensorimotor learning. Nat Rev Neurosci. 2011;
12(12): 739-51.

23. Feys P, Helsen W, Nuttin B, Lavrysen A, Ketelaer
P, Swinnen S, et al. Unsteady gaze fixation enhances
the severity of MS intention tremor. Neurology. 2008;
70(2): 106-13.

24. Salmoni AW, Schmidt RA, Walter CB. Knowledge
of results and motor learning: a review and critical
reappraisal. Psychol Bull. 1984; 95(3): 355.

25. Schmidt RA, Lee TD. Motor learning and control.
1988.

26. Schmidt RA, White L. Evidence for an error
detection mechanism in motor skills: a test of Adams’
closed-loop theory. J Mot Behav. 1972: 4(3); 143-53.

27. Newell KM. Schema theory (1975): retrospectives
and prospectives. Res Q Exerc Sport. 2003; 74(4): 383-8.

28. Sherwood D, Lee T. Cognitive effort and schema
theory: Implications for a new theory of motor learning.
Res Q Exerc Sport. 2003; 74: 376-82.

29. Schmidt RA. Motor control and learning . hu man
kinetics Publishers. Inc. Champaign, Illinois. 1988: p.
105-16.

30. Schmidt RA, White JL. Evidence for an error
detection mechanism in motor skills: a test of Adams’
closed-loop theory. J Mot Behav. 1972; 4(3): 143-53.

31. Nicholson DE, Schmidt RA. Timing-task duration
determines post-response error-detection capabilities.
North American society for psychology of sport and
physical activity annual meeting, Monterey, CA; 1991.

32. Coeclho CJ, Przybyla A, Yadav V, Sainburg RL.
Hemispheric differences in the control of limb dynamics:
a link between arm performance asymmetries and arm
selection patterns. J Neurophysiol. 2013; 109(3): 825-38.

33. Schaefer SY, Mutha PK, Haaland KY, Sainburg
RL. Hemispheric specialization for movement control
produces dissociable differences in online corrections
after stroke. Cereb Cortex. 2012; 22(6): 1407-19.

34. Oliveira FT, Diedrichsen J, Verstynen T, Duque J,
Ivry RB. Transcranial magnetic stimulation of posterior

parietal cortex affects decisions of hand choice. PNAS.
2010; 107(41): 17751-6.

35. Teymuri M, Saberi Kakhki A, Taheri HR, Ghanaei
CHamanabad A, Darainy M. The effect of brain
hemisphere stimulation and how to specialize motor task
programming: a transcranial direct current stimulation
study. Journal of Neurological Sciences. 2017; 34(3).

36. Kheravi MT, Kakhki AS, Taheri H, Chamanabad
AG, Darainy M. Researching hemispheric specialization
in the control of final position accuracy using the
transcranial direct current stimulation. Glob J Health
Sci. 2017; 9(7): 138-49.

37. Teymuri M, Saberi Kakhki A, Taheri HR, Ghanaei
CHamanabad A, Darainy M. The use of direct current s
timulation to investigate the role of each hemisphere in
motor learning of reaching task. Shefayekhatam. 2017,
5(4): 65-75.

38. Mutha PK, Sainburg RL, Haaland K. Left parietal
regions are critical for adaptive visuomotor control. J

Neurosci. 2011; 31(19): 6972-81.

39. Zwinkels A, Geusgens C, Van de Sande P,

[


http://dx.doi.org/10.29252/shefa.6.3.79
http://shefayekhatam.ir/article-1-1739-en.html

[ Downloaded from shefayekhatam.ir on 2026-02-19 ]

[ DOI: 10.29252/shefa.6.3.79 ]

wav uL».....Jla g o)Lo..i} (v a 0y99)

Sos— dEe

Van Heugten C. Assessment of apraxia: inter-rater
reliability of a new apraxia test, association between
apraxia and other cognitive deficits and prevalence of
apraxia in a rehabilitation setting. Clin Rehabil. 2004;
18(7): 819-27.

40. Schaefer SY, Haaland K, Sainburg RL. Dissociation
of initial trajectory and final position errors during
visuomotor adaptation following unilateral stroke. Brain
Res. 2009; 1298: 78-91.

41. Mutha PK, Haaland KY, Sainburg RL. The effects
of brain lateralization on motor control and adaptation. J
Mot Behav. 2012; 44(6): 455-69.

42. Stockel T, Weigelt M. Brain lateralisation and motor
learning: selective effects of dominant and non-dominant
hand practice on the early acquisition of throwing skills.
Laterality. 2012; 17(1): 18-37.

43. Schambra HM, Abe M, Luckenbaugh DA, Reis
J, Krakauer JW, Cohen LG. Probing for hemispheric
specialization for motor skill learning: a transcranial

direct current stimulation study. J Neurophysiol. 2011;
106(2): 652-61.

44. Stockel T, Wang J. Transfer of short-term motor
learning across the lower limbs as a function of task
conception and practice order. Brain Cogn. 2011; 77(2):
271-9.

45. Senff O, Weigelt M. Sequential effects after practice
with the dominant and non-dominant hand on the
acquisition of a sliding task in schoolchildren. Laterality.
2011; 16(2): 227-39.

46. Mutha PK, Sainburg RL, Haaland KY. Critical
neural substrates for correcting unexpected trajectory
errors and learning from them. Brain. 2011; 134(12):
3647-61.

47. Duff SV, Sainburg RL. Lateralization of motor
adaptation reveals independence in control of trajectory
and steady-state position. Exp Brain Res. 2007; 179(4):
551-61.

48. Schabowsky CN, Hidler JM, Lum PS. Greater
reliance on impedance control in the nondominant arm
compared with the dominant arm when adapting to

a novel dynamic environment. Exp Brain Res. 2007;
182(4): 567-77.

49. Goble DJ, Brown SH. Upper limb asymmetries in
the matching of proprioceptive versus visual targets. J
Neurophysiol. 2008; 99(6): 3063-74.

50. Sainburg RL. Handedness: differential specializations
for control of trajectory and position. Exerc Sport Sci

]

Rev. 2005; 33(4): 206-13.

51. Rosenbaum DA. Human motor control. 2™ ed.
Academic press. 2009. p. 528.

52. Schmidt R, Lee T. Motor Learning and performance,
5th ed with web study guide. Human Kinetics. 2014; 336.

53. Sainburg RL, Schaefer SY. Interlimb differences
in control of movement extent. J Neurophysiol. 2004;
92(3): 1374-83.

54. Grafton ST, Desmurget M, Alexander G. Functional
anatomy of error correction during pointing without
vision of the hand. Ann Neurol 1999; 46(3): 447.

55. Inoue K, Kawashima R, Satoh K, Kinomura S, Goto
R, Koyama M, et al. PET study of pointing with visual
feedback of moving hands. J Neurophysiol. 1998; 79(1):
117-25.

56. Schaefer SY, Haaland KY, Sainburg RL. Ipsilesional
motor deficits following stroke reflect hemispheric
specializations for movement control. Brain. 2007,
130(8): 2146-58.

57. Anguera JA, Russell CA, Noll DC, Seidler RD.
Neural correlates associated with intermanual transfer of
sensorimotor adaptation. Brain Res. 2007; 1185: 136-51.

58. Serrien DJ, Ivry RB, Swinnen SP. Dynamics of
hemispheric specialization and integration in the context
of motor control. Nat Rev Neurosci. 2006; 7(2): 160-6.

59. Goldenberg G. Apraxia and beyond: life and work of
Hugo Liepmann. Cortex. 2003; 39(3): 509-24.

60. Pearce J. Hugo Karl Liepmann and apraxia. Clin Med
(Lond). 2009; 9(5): 466-70.

61. Hollerbach JM. Computers, brains, and the control of
movement. Trends Neurosci. 1982; 5: 1-474.

62. Gerdes V, Happee R. The use of an internal
representation in fast goal-directed movements: a
modelling approach. Biol Cybern. 1994; 70(6): 513-24.

63. Diedrichsen J, White O, Newman D, Lally N. Use-
dependent and error-based learning of motor behaviors. J
Neurosci. 2010; 30(15): 5159-66.

64. Verstynen T, Sabes PN. How each movement changes
the next: an experimental and theoretical study of fast
adaptive priors in reaching. J Neurosci. 2011; 31(27):
10050-9.

65. Bonato M. Neglect and extinction depend greatly on
task demands: a review. Front Hum Neurosci. 2012; 6:


http://dx.doi.org/10.29252/shefa.6.3.79
http://shefayekhatam.ir/article-1-1739-en.html

yay QLM..:L: g a)LA..Z P W 099

[ Downloaded from shefayekhatam.ir on 2026-02-19 ]

[ DOI: 10.29252/shefa.6.3.79 ]

195. doi: 10.3389/fnhum.2012.00195.

66. Stottinger E, Filipowicz A, Marandi E, Quehl N,
Danckert J, Anderson B. Statistical and perceptual
updating: correlated impairments in right brain injury.
Exp Brain Res. 2014; 232(6): 1971-87.

67. Shaqiri A, Anderson B. Priming and statistical learning
in right brain damaged patients. Neuropsychologia. 2013;

51(13):2526-33.

68. Shaqiri A, Anderson B, Danckert J. Statistical
learning as a tool for rehabilitation in spatial neglect.
Front Hum Neurosci. 2013; 7: 224.

69. Vocat R, Saj A, Vuilleumier P. The riddle of
anosognosia: does unawareness of hemiplegia involve a
failure to update beliefs? Cortex. 2013; 49(7): 1771-81.


http://dx.doi.org/10.29252/shefa.6.3.79
http://shefayekhatam.ir/article-1-1739-en.html
http://www.tcpdf.org

