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ABSTRACT

This study aimed to examine the role of working memory in the effectiveness of
errorless protocols for facilitating implicit motor learning in adolescents with and
without intellectual disabilities. A total of 20 adolescent boys with intellectual
disabilities and 20 typically developing adolescent boys (Mage = 12.12 + 0.80 years)
voluntarily participated in the experiment. The participants with and without
intellectual disabilities were separately assigned to either the errorless or errorful
practice group based on their IQ scores. The task involved aiming at concentric
targets using a mini-basketball. The errorless practice group practiced the task from
near to far distances (3, 3.25, 3.5, and 3.75 meters), while the errorful practice group
practiced from far to near distances. Implicit motor learning activation was assessed
by comparing performances in dual-task conditions immediately after practice, as
well as after 24 hours and one week. Additionally, working memory engagement
during practice was evaluated. Results indicated that the errorless group, which
required less working memory engagement during practice, showed significantly
better performance in dual-task conditions compared to the errorful group (p <
0.05). The findings regarding the impact of practice errors on enhancing implicit
motor learning in both adolescents with and without intellectual disabilities are
crucial for developing motor skill acquisition strategies for adolescents, regardless
of cognitive abilities. The results were consistent with the predictions of Adams'
closed-loop theory and the reinvestment theory concerning the benefits of reducing
errors in motor learning, but they were not aligned with Schmidt's schema theory.
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Extended Abstract

Motor learning unfolds through multiple stages. Initially, learners develop
strategies and test hypotheses to achieve desired movements, leading to high
cognitive demands (1). As proficiency increases, skills become automatic,
enabling the learners to perform secondary tasks alongside the primary motor
skill (2).

Theories like Adams' closed-loop model (3) and Schmidt's schema theory (4,
5) highlight the role of errors in motor learning. The challenge point framework
(6) indicates that an optimal error level, matched to the learner's skill and
processing capacity, can enhance learning. Likewise, the reinvestment theory (7)
suggests that reducing errors lowers working memory load, thus promoting
implicit motor learning.

Errorless training aims to minimize mistakes early on, fostering skill acquisition
with minimal cognitive and working memory demands (Masters & Maxwell, 2004).
However, most studies on errorless training focus on adults. Children with
intellectual disabilities face difficulties in motor learning due to processing limits
and weaker working memory, especially in early stages requiring high cognitive
engagement (8). This research explores the impacts of errorless versus errorful
training on implicit motor learning in adolescents, both with and without

intellectual disabilities.

Methods

A total of 20 adolescent boys with intellectual disabilities and 20 peers, typically
developing teenage boys (Mage = 12.12 + 0.80 years), voluntarily participated.
The 1Q of the participants with intellectual disabilities ranged from 55 to 70. Both
groups were randomly assigned to errorless or errorful practice groups based on
their scores on the Wechsler Intelligence Scale for Children (10 participants per
group). Parental consent was obtained for all participants. The participants had
no prior experience with the task used in the study and were unaware of the main

goals of the research.
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Task and Instruments
The practice task involved shooting a mini-basketball using a chest pass
technique from various distances toward a target board, which included
concentric circles with radii of 10, 20, 30, 40, and 50 centimeters placed on the
wall according to the participant’s height.

Geometric shapes, flowers, and animals were shown to the participants before
and after the acquisition phase to assess working memory engagement, and they
were asked to identify the number of similar elements. Participants proceeded to

the practice task after learning the chest pass technique in basketball.

Practice Protocols

The training was performed from 3, 3.25, 3.5, and 3.75 meters. In the errorless
protocol, participants began practicing from the closest distance and
progressively moved to the farthest distance (10 trails per distance). In the errorful
protocol, participants started practicing from the farthest distance and moved
toward the closest distance.

Each participant completed five blocks of 40 trials (a total of 200 trials) in a
single session. The dual-task tests included 75 trials from a distance of 4 meters,
divided into three testing sessions (immediate, 24-hour delayed, and one-week
delayed). During the dual-task test, participants performed a secondary cognitive
task of counting even numbers while listening to a metronome beat set at one-

second intervals alongside the primary aiming task.

Results
To analyze the accuracy performance data during the acquisition phase, a mixed
ANOVA 2(Group: children with and without intellectual disabilities) x 2(Practice
protocols: errorless vs. errorful) x 5(40-trail practice blocks), with repeated
measures on the last factor was used. The results indicated that the three-way
interaction was significant, F(1, 36) = 6.98, p < .05, n;= .16, suggesting that the
performance improvement during the acquisition phase differed between children
with (M = 36.04, SD = 2.00) and without (M = 24.93, SD = 2.14) intellectual
disabilities across the errorless and errorful practice conditions (p < .05).

For the dual-task tests, a mixed ANOVA 2(Group: children with and without

intellectual disabilities) x 2(Practice protocols: errorless vs. errorful) x 3(Test time:
|
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immediate, 24-hour delayed, and 1-week delayed) design was used. The results
revealed that the three-way interaction was significant, F(1, 36) = 7.44, p < .03,
ng=.17. Tukey HSD post hoc tests showed that in the typically developing group,
the errorless practice condition (M = 36.84, SD = 2.45) outperformed the errorful
condition (M = 28.99, SD = 2.13) (p < .05). Similarly, for children with intellectual
disabilities, performance in the errorless condition (M = 36.04, SD = 2.00) was
superior to the errorful condition (M = 24.93, SD = 2.14) (p < .05).

To assess the level of working memory involvement during practice, a two-way
ANOVA 2(Group: children with and without intellectual disabilities) x 2 (Practice
protocols: errorless vs. errorful) was used. The results revealed that the
interaction effect was significant, F(1, 36) = 11.64, p < .01, n;=.24. Tukey HSD
post hoc tests revealed that typically developing children in the errorless condition
outperformed those in the errorful condition (p < .01). Additionally, children with
intellectual disabilities, the errorless group showed better performance than the

errorful group (p < .01).

Table 1. Variables in the research design for two groups of adolescents with intellectual disabilities and their typically
developing peers, who practiced an aiming task using errorful and errorless protocols and participated in 1Q, working
memory, and dual-task tests (N = 40).

Age Working Dual-Task Performance
Practice Protocol (years) 1Q Score Memory Immediate 24-h delay 1-week delay
Intellectually
Disabled Errorless  12.3210.81 11.65 +3.30 2501+9.30  34.80 £+2.80 36.44 + 1.54 36.54 +1.83
Errorful 1223+0.84 6514211  23.03+6.32  27.30+2.10 26.51 £2.10 24.44 £2.24
Typically
Developing Peers Errorless  12.13+0.91  106.12+14.14 59.01+844  36.36+2.23 37.04£2.72 37.54 +2.44
Errorful 1245+0.90 107.01+£13.03 60.04+504 28.50+21.24  28.22+21.20 30.23+2.34

Note: The values are presented as Mean + Standard Deviation.

Discussion

This study investigated the role of working memory in the effectiveness of
errorless practice protocols for promoting implicit motor learning in adolescents,
both with and without intellectual disabilities. The results showed that participants
practicing under errorless conditions performed better during the acquisition
phase and had lower working memory engagement compared to those under
errorful conditions. This supports previous findings that organizing practice from
a "near-to-far" sequence aligns with the requirements for errorless learning and

enhances implicit motor learning.

https://jrsm.khu.ac.ir/
38


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

Dual-task performance assessments revealed that both typically developing
and intellectually disabled adolescents performed better under errorless
conditions. This aligns with Adams' closed-loop theory, which suggests that
minimizing errors during practice helps prevent the reinforcement of incorrect
perceptual traces, thus facilitating learning (3). Although Schmidt’'s schema
theory (4, 5) predicts similar transfer performance across groups given similar
practice variability, the study’s results did not support this theory. It appears that
fewer errors during acquisition reduced trial-and-error learning and working
memory load, particularly benefiting those in the errorless group.

Using a dual-task method to increase cognitive pressure, the study found that
participants in the errorless group made fewer errors and had better dual-task
performance, suggesting more efficient use of working memory. These findings
are consistent with reinvestment theory, which posits that errorless practice
encourages implicit learning processes, leading to performance stability under
cognitive pressure and better resistance to forgetting. Notably, there were no
significant differences in the benefits of errorless practice between the typically
developing and intellectually disabled groups, suggesting that implicit learning
processes are not dependent on cognitive abilities.

The results also align with the Challenge Point Framework (6), indicating that
an optimal level of error, considering the learner’s skill and cognitive capacity,
enhances learning. The errorless groups outperformed the errorful groups in
transfer tests under dual-task conditions. Discrepancies with previous studies,
like those by Sunley and Lee, may be due to differences in task type (gross vs.
fine motor skills).

Conclusion

In conclusion, the findings support the use of errorless practice protocols for
facilitating implicit motor learning in both typically developing and intellectually
disabled adolescents. Future research should explore the effects of errorless
protocols across different types of motor tasks and consider varying levels of
feedback and instructional guidance to further understand their impact on motor

learning strategies.

https://jrsm.khu.ac.ir/
39


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

References

1. Fitts PM, Posner MI. Human Performance. Oxford, England: Cole/Brooks;
1967.

2. Schmidt RA, Lee TD, Winstein C, Wulf G, Zelaznik HN. Motor control and
learning: A behavioral emphasis. 6th ed. Champaign, IL: Human Kinetics;
2018.

3. Adams JA. A closed-loop theory of motor learning. J. Mot. Behav. 1971;3:111-
50.

4. Schmidt RA. Motor Schema Theory After 27 Years: Reflections and
Implications for a New Theory. RQES. 2003;74(4):366-75.

5. Schmidt RA. A schema theory of discrete motor skill learning. Psychol. Rev.
1975;82(4):225-60.

6.Guadagnoli MA, Lee TD. Challenge point: a framework for conceptualizing the
effects of various practice conditions in motor learning. J. Mot. Behav.
2004;36(2):212-24.

7. Masters R, Maxwell J. The theory of reinvestment. Int. Rev. Sport Exerc.
2008;1(2):160-83.

8.Westendorp M, Houwen S, Hartman E, Visscher C. Are gross motor skills and
sports participation related in children with intellectual disabilities? Dev.
Disabil. Res. 2011;32(3):1147-53.

https://jrsm.khu.ac.ir/
40


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

FPRVPY

S Ol S ol agl b b s 08w Sk oS W5k ) S Sk Olaasine 5l (b
e ol e g el s gladde pelas LoLi (Y ) S o pee (g plete L Jo) e
ol Ll oale Botas (6,850 adyl e a5 yls 33155 oY) Ji5a 5 5md Jde e
bl s 550 S ) sladsl S Wt 5 0 g3l Sl eslinal L S e 5O o Sk cal 1
Ul oS Las ol as 58 o0 )55 gl s s oS sy oo sl 10 ot oS5l (Jde ol sl
St JolSS ol S e iy 1 a5 ST S L e S lee S Ol pll
Sl Gl 5l ssse a5 5 SLDbI B5ls 5 p 5 53 i s liasOLE (gHlu)lSa 0 4 2l (oS00
L Oolee wlalST x5 5L SRals b il e i 1S5l ¢ Sad ity ol e 55 oS (sosba (ol Ol
(7)Ao plil a8y D5 5w 5oy

SO b Glaslee 53k 5 ey (S SMBL 25l 0 b 1SS sl ol
53 eus st 3 gole Olkan b aglie 55 sl 3l oS Wlesls OLES s iass (8) Liten 4l 4o
Sl 53 a8 5t OVlean & Sl 33 3 0156 0558 .(0) dils (S > e les 6,5k
ool b s el 5 IS sbe el oSl oS il 1L S e oSl Sler
S opl S5 CukS 5 elor] SNl 1 Wil g5 o dies ol el e sl lge s s a3l
Cind ol el (515 Al > s pd Ol eSSl ol coSlae 1 S (D) 5K ke i
S ey IS Loy b (Sla 3l b gl o 55 o s S0k sl 10 55 48 555 0 Ly
G gl s o 03 5 20l Gl i, a5 el sdiasglis SIS ! (A=) Ksd 5 05,
el B30l 53 (68 aabl s 5 S el

AST OV A 0) ool sl b a5 (V) salsl ey adh ay i dle o (S o (5550 slawy i 55
4 das e DL (V) (8l abn gl copiman 3,503 3925 (5,500 a3 s Lallas 5E  (s3L 3
LS SaS (6,800 s w0 LIS e h Sl &UlijQJL@.ada“ L clie dlast 5l sl Ol 5o
4l EalS Uast 5 Qg3 oo b o el 3 st 355 )3 oS US o gt 5 SoLeSL 4k e dlew
DS e et (S S 550L 5 0l gaS ()8 bl (6855 i 3
Sl S Lapll 51 3L 53 55 55 5L anslie 5 b 51 DS > sles bl dy il 4 b il
LIl 83 OIS 48 355 o0 M55 (sl 9503 355530 (abitandpo &S > S el r\i;ﬁ L gl e sl
bl Gb LIS e b 4 63, G e e e 03 Lad, 25k pl s e DL LS s
S n s Saonel il ply 1S (0 ChndT ) s (S1hsl ) e d b o3 els slalle
() 2550 e 6500 25 5 (S1ool 25 @S5 4 ol el Ll

Jsime 45 (03134 olsz b ia0ls AST sz b b alaslo ¢35 53 sy Cndl o)lap b 4k
ool Ol geay oS > Lgl.éo)‘jcjla el &S o b5 s a5 (ol 5L e)ljcjla»jg,.wt&.a SWPY

-

https://jrsm.khu.ac.ir/
41


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

o 0o bl sl Gb LS e IS el b sl s Sl mle o DL G b ST el
Lallas OF 55 4" 2y o3 (S0l 2 ol by S o SGS S  slaeslap b i S i 4 S > plan]
OV ) 058 aie 8 653k 3 e 4 Bl on s Sl
a3k ol St 5 S (ool s @l Sl b 6 2 () e ahl gl
gl b op bus asite el (lphs b IS (B 45 A8 e Ol Je (gl 3ls S a5 S
Solpid Gl 03 8 o et ed sbar ST (63 SIS (gulpds i Ll Soles Sl ol
LB bl ol a8 (glosgdoe 53 L bl 5l o S Sledbl 4 iy v zes 4 e (63 S
Al e gt e L oS 31313 35 S 5315 5 Sla B J S ot a3 sdoms il i o
Sl 5 23 lgn e b it dlast Sl pelite Jlds o ol Ais Syl il ool ol
OT) LEL dke 5,550

o 5 S gl U8 bl w4 Sae ST ladn] b aS S e 0l (V8 O (LS50 o s
5y IS Gl shanly b el 1 s L5 S il oSy ol o s S
b b e 1 g8 AT s ST Ko g Sl 3 pdie e L Sl
SS3k 6l e g U 5 5 tmn ol 13 0103 a0 0T Jisl 5 2,8 o &y geo oSTo 50
Sl sl S s a5 Coglae (alSS 65ls IS Sl pds ez 5l cdinls Gl e
LS o SuS s 653l S (sllast b (6,5l 8 Btdime La0T oS il o 55 oo e
S e g 5 Wl g3 (IS 5 e il S5 i |y S slalen
oo b alss S ) Sl eslinad daspaaly 5 8l 8 LL palS (gl aS s S sl (VE) s
S0 ol SO e b5 Sl o 5 (V0) S OLGn 5 gauls 3 S slgldy (S > IS
S 55 () i ls 55 s LSt ale e s a8 53 Lol 5l eslizal 43 s sidomn 53 ol ol s S eslind
533,85 o Pl s CLstals e s 5 Shes 5 on ealital LS|l e s 4853 ST S|
oo ot (ST Sl ealind (T 5 o s S5 & S (5,53 Lot ke sl Yazm!
s B es 8 (63 8 slaaa) 3 (bt s e s ol CilSS (¢St

Uax 05 58500 ob 3Kl 552 SO (W) 0L 5 J s s sitoms ol 15 5 laiens
Uast 1 JolS s Syl sty el o)l oy pad izl lye 5 Lot O, BBl &y 45 dis S b jee
U a5 o o e (5 500 Glaasl 55 g o ,maly G Olge 5,555 (0l S (68 Sl
=W LS50 O Al 4 5L 05 5 ey U Gl g5l 5 it | (S slalge o1
red) et oS o el IS5 oS sl LS S e 3 eslaal U OA) 0L 5 J s Slidss
(S35 s 555 Sl 31 IS S o) Loty IS5 55 b sl 53 (3 0 S35 ol 51 ilS ol
Db (Olgn) s (S 6500 gl b sladled 4 2

https://jrsm.khu.ac.ir/
42


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

Sl 5 sblse 5 als n OVLLS 55 3 (oS b dols 6)&,;J§;U o A (3date Dl
L O8) Oben 5 B 5y,m lpl dletilay DUy oty slacy o3 b anglin 53 1 et (S oy s
Giaa b akuols (g, us 45 wlesls OLis Sladlae 1 oJlpll S andlas 1 (Y4) 00 5 5 e
Ll g5 o3 [l SRlesT (TY) J 5 la] G 51l 5 [(YY) J 5 il s (5lesT (M) J 5 L]
s BB S o i (6K Sliies iz 358 e e (S > (6550 bl 4 adaes
Lsls OLES (V) O 5 mdlo ol Olgeas (Lles S oy Gl Ol s 5 085S 5o |, e (S
e b alol a5 L) e oS lae 5o 1) (5 glaanS DU L) (ol (S = ol S &8 S5 8
Loyt Glacly 035 5 Lo S oS st (S (Samld s S e U 0 Seo5 Sson
s e a8 IS Blis 53 s sas Bis Glasl oS 2oled) 450 ST S pll o8
sl ST Gl b Olpen Lol wds JLalS Lkis S 0 el (SGs5 @ oo 51 bl a) e
LE a5

e 583 015 O35S 53 sy Bl S ST (sl s IS0k oS Wlesls 0L Slalllas
b Ol 8 5 0558 ) (6,18 alasl (1) il Lad e Lol atlid 53l lacas sdoes L ool
LIS 3 e3lbler ez slazamd s 55 ol SKan 5 Conl 0T Wl OLkion 51 53 5dme g 5 16
ol s i gl wmle et oS (6 S0k 5 S S SIS a5 L L(TE Q) LS
25 0158 Ol 58 5 0558 5o (S = laclee 25l Fie Sl SO Olyea Ll )
Uast oS a3 S35 35 Sl cbita gy ()0 L (Y0) O50m 5 3 gl 05 055 13 eliad 350
56 el s ol nlS Ygeme sl s S s S5he gl 4 M Ol g sy ety
e gl s Sas 5 wnils st (6,8 dasls oS JUler o5 s a8 sl Ol Al s s
s b (YD) 0L 5 (g0 Jolie 55 . ls 0lzs ST (6,8l 3 ool (63 5mg (5 50 0313 OLES
S5k b s ol Oals DL @ 5850 (LS s ol ST 55 (63 S8 5 el ()l 550
AL Ol 5aS O3S 3 e

Slwoslel 5 o S > Kalen o b J 28 clalge 2 S ete DI &S Wlesls Olis Slids>s
53 85 OIS Ollsz s 5 0558 (YY) iz sy |y d Ol5eS 058 5 Shas Wil 5 e sad
ol Sl izl glralr Gbojle 4 e e G Lo 2 J xS bl
belse 51 S Olgsa Sby ol oadle ((YA) Bl ol bl a g min 5L bl
(YA 3550 pmime il S Sl IS 53 3555 Glacled 53 DS )l e oS S i
OUlezr 55 sl p kel S 5 aie) 5o s oS 2o a3 il o3l Ol oy o Bl b G ol
s Bl g3 (e b ol s Lanllae cpl s A3 el ol Wl Ohlien 5 283 Ol 508
ot (Bt ) Sospa s 5 (L 0S) asa Soo5 (S 6l b o oS SRl il sl
S el s (500 g S IS sl et (S el el (S Slgs (5 S0k a8 S

https://jrsm.khu.ac.ir/
43


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

95 A 53 oS sl (.S s o\/-.,ahﬁtij)\jufﬁ%mduoyj); oS es o s Sas (s b

W3S B 3 e il

owliigig 5

Jols s g3l o ole 53 25wl Jale 0T )b 5 (alasl ¢35 51 (oS Gios 0l 5253 2580
LSt al e 53 g oty g et (S o el Sl ST 5 03 Ol53eS 5 (Il 0Ll 55 51 laes S
S5 CaldSs slaosasl sl st Oley el ab e 53 5 op e SSHL e dssasl 0as ele
il Oga31 3 eld S Sl jad 5 S DA 5 Shes Gadow b 3 g b dn sl 0555 slasle
3 g atsl s Sla pite (5,18

OB S S gt

Cogots 45 L (DL VY NIYE A = o Sle) (oo g Yo 5 oad Ol g5 S oy Y ouses
355 5l 55 Ve 500y oad SlOlSaS et LS CS 0 G s Sllbsls
s ol e S 9s s ansldS LS G 3 o gae L glyls OS5 s Wl a5VL el
OB S S bl 5l G 3 &S b anbiculs, s 3Gl Uast g Uast oS o jad 0 S 53 50
G 055 Obldal 31 s sl aolesT s ealizad )50 (IS L S @ 2 E WS oS L8 s ds
55 el 55

51 391 9 (o 305 eSS

ooty lizs Jool b 51 IS e 05 b S Bin Jold s (5 1 Sles G o8 IS
B e e O Glaglad 5 e on slae pls Jold e 5 5 Sl Gl ol ) 4 Sula s
() JK8) s eSS 5 B L cnlize les (5, 4 5 s adlane LI s e la 00
JEal Jols plaoldl CLusSt o 51 s ool sb 53 O alil- (5,500 Lol slp
SOl sl a5 Ll 515 A esls OLis DS eS8 4 Sl 5 S sl 5 s

LS s |y alis

=21 g5 3 985 SS9

%wﬁ@b)béﬁﬁ‘ﬁ‘jjbféﬂv,vo j\‘,o cv,YO c\‘ébﬁdﬁ‘ab)‘?)jubﬁ&ﬁuwﬁ:
WSS ay e Jeolg 5l el g Hesa SSap eolsd 5l el il Jlesl cp ad slaS Sl J b s

)‘ b 6,_5;3.\.& U'.'.J‘“J ¢()j>4..~ &ga”bf Jaé\jﬁ )‘ uif““> o VS Jgﬁjﬂ 61.&0); QK.L’.SC,SJJ:

Jﬂ)dau_e.l.a)‘wuwjj)j;4.>;§}LU_LFT)Joubjjﬂ;"))ym;xb;@f}wtﬁwj&)f

https://jrsm.khu.ac.ir/
44


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

Vo (g Y0 Aol 51 i S Ve (g me Yol Bl 5SS Ve G g ey S opl s oS es Ll
IS slaey S OBAS S 5 Wsgel |l (620 V0 alols 51 [id S Ve g (6200 ahools 51 ni S
dhold s ol (p 5553 Sl g S oS L (S35 w s Sl Sl ped) et

L3S G el

éjcfdM;L;ﬁ)>abuﬁjL:u|j§frA slao pls N S

G 3 L (LS Yo S 3 5 el (B8 Ve alols pa) 22 £ SHb ey oSS Ll

Vo ;tmau.g;,uiwu;l@_&_é,u;@xélﬁ\‘yua@,;;@xéuoyﬂ.m;aﬁ:w
S 0550 s g (Glaincy 5t 5 amele Y8 6t b o655 bl sl SRa S YO) i S
zos el Jisled Jols ( mlis 4 gb ST 1 s S0 ol ST S50 b Olejen 4845

A eslizal o pis e SO sl S sSKalo o 0ad L Olesan ey,

SoboT sy
O3k 3 L O35S 103 ST bglona ' ilsls Jdows 51 OlasT al o 3 3 S 235 glaosls [ 61
S50 S Jole L (2 sS b ped lacs5h) 0 x (a5 et (1S o3 ¢ 5T X (o3 S80S
O 3 L O35S 105 S bslse ity o o b W8 53 CadSS O sasl (gl A eslizad 2T Lele
wela V8 (5 U (658 0050 1l 0L x (ot 5 st oS 10 503 JST5 )Y X (a3 SIS
dsb 53 @ a5 85 Oloe e (51 3 eslinad 2T Jale (555 1SS ole b (laninsS
3t oS g el IS5 )Y x (o GI5aS 05 5 L O5S 105 Y anlysn uibyls Julows 5l el

.1 Analyze of Variance (ANOVA)
|

https://jrsm.khu.ac.ir/
45


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

U‘j-*-p O l;':»“ )j.:\qw )‘ A eslan uSJJ U‘i’j) J‘ Mg.l..a; LSLAA.....{'LEA 6‘]' A eslan (U""J.’.

Al a8 b s /00 (glalan e A ealizad Sl o3Il el

0> Gelod b 53 0 (5803l (gl kne sl e kel e ST 5 5 oEalesT sy S sl S

RGIU PR W ‘G‘J‘ \ J}J&-

JL]‘}J?:J‘K:JJLIJ;L.’S(JL‘ QYLM.&}L;&JQ\}?rsub]?};)\a}/,f}b6‘J;L3?5.>=JCJ¥)AAML§J;AJ.L:|L§LAJ¢&SA A dj-\-?
(N =40) x;;gsj;4;L§};_A:KJ,L;)stl}‘ﬁu;ﬁdu;wﬂ);,m;wﬁ; l)d_;.:fg_éJA;i:l_iJLlu'-rS

S8 53 s JSsn
whr K b sl ¥E b S35 1S Al A (L) o o
05 bl S
Yot £ \/AY YVeL £ V/08 YE/Ae £ Y/A Yo/o) £ 4/7 ARVAYR= vAu VY/VY £ /AN Uas (.5
Yi/ee £ Y/VE Yoy £ ¥/\ YV/¥e £ Y/\ YY/ oY £ UYY RYJARZS- - VAR YYAY £ oA e 2
(.JL,, OVl
Yv/ot £ Y/EE YV/e g £ Y/VY YUyl £ y/Yy 04/+) £ A/LE VoUNY £V 80N E ARZAR N SRVAR! Uas (.5
AKVAR = VA2 YAYY £ YV/Y YA/Or £ YV/YE a/et koo/0 Vov/Ee ) \Y/eY \Y/e0 £ +/Q0 Ua;‘-,;

Al esls QLIS 5 Ikl L3l il Ji.l.:.a O yods polie N

F(1,36) = 7.44, ol jlslias al8an ol il aS sls Olis Oleast al> o sl il sl Jels C,L:,
L;;Lpots.»js;;vwobf‘gust41>st)>as;\wt,:;usj:u@kéuwuﬁ,p<.03,|g§:.17
53 {p<.05) 55 (M=28.99, SD =2.13) U= ,, 05,5 5| 2 (M=36.84, SD=2.45>UQ>-VSUJ§
M=24.93) Uax 055 5l 2 (M=36.04, SD =2.00) U oS 053 5 Shes 35 o3 Ol 35S 058
o ¥ J&i):gtﬂfld}fﬁwﬁjl}a}rsdgﬂéuwﬁ;}&; (p<.05) 55 (SD=2.14
el 0

QL{)JM‘5LQOJAJ.T)J&so‘jvsjéibb‘}‘&‘ﬂwﬂjwVS&F‘&L@D};JW
F(1,36) A sl alfans Ll o=l Jdew sl s s aM ) Jgds 53 5 1Y IS s
Ua;'—vfojjf.sj_{l.‘,.cdsbg)ls.ysc}ﬁ);:bQL.':.}quS‘t.}lfJ\;g-5uww.=7.44,p<.03,n§=.17
ﬂd)ﬁ)‘}@béé}ﬁbﬂaﬁﬁ&} Q\jsrs‘a‘}ﬁ)bf(p<.05)w‘aaﬁ&§-ﬁojjg)"}l@._s
(p<.05) 54 Lo

https://jrsm.khu.ac.ir/
46


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

f0 —.—{_‘..h.\ui):rSL;u:’-‘.Sa}; —-—&‘..A;.Jl_,:‘.s‘slh,‘-ﬁo,;
e gale ol 3l (sl (S ey S ol 3l il gllass ey S
i
[ ro
3
B)
2 .
Yo
AR T T T ]
ARE A Y S ¥ Sk LSl 0S4
—l=s!

gw\d}fﬁﬁdudﬂ)s&bﬁcjbéhoj;wgC,éssjﬂu.\’JS.‘&

o b 03 g5 oS sl o5 0y F e 03 3l o sl 098
—Q—‘S.:lsﬂﬂu;u::ipfa’; [ l_g.:|sa|)j|[5u=:'rﬁa5;
ft -
- —3
1 v %

<do )

L
N
®

¢ ¢
Yo - —
Y. L ! |
37U | (L) o gpyeest) | &l aan ) g sl
ailf g0 LSy

Az (SE) s il glas glake glallas 08 55 CadSS gladypasl s laes S ol s lal ¥ IS

tf}d);dlﬂwjj‘ b‘b QL:..;@L:.': 4(\ d}b)wﬁjdjkjbéjtswl"éﬂgja Q‘}?ﬁd‘ﬂ)ﬁ)s
oo Ol S g alluer slaanslis F(1, 36) = 11.64, p < .01, 77 = .24 ol Slsbae o a3 IS5
0% eeman (p<.01) 54 Lla;‘-ﬂajjfjj:@Ua:'-rSUJf):rJLAQlS.s)S:J&Lu«‘dle«Eél;-()j.aﬂ

.(p<.01)>ﬁU”'-J.;Uﬁj\f.@.gllv’-VSUJfQS\J.gdle«E.él;-Q}aﬂ);JJ.Q».G&ASQ\)SVS‘J\S:)S
________________________________________________|

https://jrsm.khu.ac.ir/
47


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

S5 A g Sy
3 et S S e 53 Ut (oS e S S e s Sa b Sl s
G 5 s S Jeole ks Bl Ol raman S bl b SIS 0S Osb 5 b 0Ll s
23 01568 Ol s 5 8 93 2 oS ol 0L i .3 8 515 Lol a)se el e 25U Al
03 5 kil (g e 3 Shee CLStal e 53 ding S pad Wt (S S5 L oS ol OV
Lyl i co o5 8 55 a3 Shee Wl s IS slaosasl 5 A 1S5 (S (8 abil- b e
el b s e oS ST Cslie KL S 23l s g e Bl s e (oS (e
) LS5k bl o 5 () elsl wn il o it o a5 (gla o i b el ol o
ol s 4 a8 Sals o n Ll om0 o3 o 3 Lot 8IS S e aST S s ls e (18
Dy bl LS Ll S ol s S ke Cuslie 5 Olgn S0k Juged (08

war s bl (e sy Sipl p poe (V) (b aba jlbe o pn i b Ry ol el
s 05031 gl 315 Sl pienn 55 ol e (5,55 (512 3,3 L2315 b 5 o Sl Dol e
o2 5 @l 3Bl s ea e glaes 5w s et (S (slaes S48 5l Ol Gl 5s ST Ll 2 o
oS SRSl il o i S sk cpl  (070) Oes 5 05y 05 Jos 2 (a3 O150S 5l 5l s
bl 05,8 53 a5 oald e ST 53 a5pa st (S 0 s Lol oS 35 e 0dys oS0 Uas
b LS 3T e 3 553 4 S35 03,5 o5 Sl ol b ecis S a0 |y s 5 ol S ol
Ales S a5 LSt LG e 5 U Bald ol (035 4 53 03,8 s e 5 sy i oyl
W opll S s Sl S8 53 adST Ll i s JUisl 0ol o s 3 ol o ie (V) bl o L
ol b G nl s I el dde (650 (sl ST e 3 a8 (lla alsT g el
2l Glen ol iy

3ol Sl a8 058 S5l (Vo) el ol b 4k gle o i b Jla O3l b Jepll
Slos S 53 Sk 5w Ol e b Ol A3l elie SLS) ad e 51 e ey S 5 Shes
dasl= a5l L Shels el ol Sae ClasST a0 3 208 gl Kol 3l S Ciliss
O P OA) Wil el pas 5,850 sl 5 o)l8

oS by S 03 Gobe w55 el ed 6500 5 OLSSL ki 4 e L s Ol Ll
SoLeS 3L 4 5 (gla b aasly ol o3l (6 it ad (550 a8 L (sllax wax 5L e
S5k Ji it Sl G a e st oS el AS e Ol 4 8 cnl3ls BB Slas (V2 OT)
bl Ll ol 53 5 Shes Cueglie O e & das o (Rl31 ) pad Sladul b g 4 555 8

ol g e 4ol opl s Laanl (6 S0 s yn o3l ol ot ey oo S 4l S8 s CalSS

https://jrsm.khu.ac.ir/
48


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

o) XIS sl a3 01,8 sl s gsle sl sllat oS 6y S oS 0L ash ol slaasl o
385 AL a5l e 6,8l Dol slesl il Olge e Ol g e |y 4l
densDLE o (M) 00 ) O 5 U peSn Sla gy olis (g Sl gl L 2y o) sl
gwbbb&uwgc&wjbDJ\J‘;\N¢W|QJ))@Sﬁ&L&Q)LPJJLbéwﬂ&OU}‘
.L‘j:& LhC)jLL'; Lﬁ-‘ RGN C,.LLEA c.lj\abjsw)ﬁ b ;‘q'.’.)‘b J:Sﬁ- %j&ﬁé(‘f\)g_}&uﬂ]@
sl )i 3558 cpl 53 e S5k 5 s

L;JJQ-:J})&)}AT&L&.&:}MJJLE?-VSJJQJ éuﬁjﬁ)‘ e.}l.é.f...»:‘ cd&j}i w‘ c{l}.: wLw‘j
Ay ims DS U35 sl ets S IS 3 e S 85 ot Sl
ST 5 e sl ot et (05 a3 DI e L e o] Dl s g e sl
4.l.>jn 33 oddedalin glaasl J.Alsw:.ﬁ L 5B gl 4.:)2.; &= Asujf Al Q‘jﬂ‘& wolg
SHs Ll e B il el i ) S Ll A ST a0 sl 5 S|
3505 (3 e st oS o3 S SO (o s (S Sk 03 e sl Sl s e
AL Cilises glaos S (gl e isu0ls 5 disel ol | b sliSal, Kl e o8

References

1. Adams JA. A closed-loop theory of motor learning. Journal of Motor Behavior.
1971;3:111-50.

2. Fitts PM, Posner MI. Human performance. Oxford, England: Cole/Brooks;
1967.

3. Schmidt RA, Lee TD, Winstein C, Wulf G, Zelaznik HN. Motor learning
concepts an research methods. In: Schmidt RA, Lee TD, Winstein C, Wulf
G, Zelaznik HN, editors. Motor control and learning: A behavioral emphasis.
6 ed. Champaign, IL: Human Kinetics; 2018. p. 283-302.

4. Elliott D, Bunn L. Motor disorders in children with intellectual disabilities. In:
Dewey D, Tupper DE, editors. Developmental motor disorders: A
neuropsychological perspective. New York London: THE GUILFORD
PRESS; 2004. p. 137-51.

5. Vuijk PJ, Hartman E, Scherder E, Visscher C. Motor performance of children
with mild intellectual disability and borderline intellectual functioning. Journal
of intellectual disability research. 2010;54(11):955-65.

6. Westendorp M, Houwen S, Hartman E, Visscher C. Are gross motor skills
and sports participation related in children with intellectual disabilities?
Research in Developmental Disabilities. 2011;32(3):1147-53.

7. Van der Molen M, Van Luit J, Van der Molen MW, Jongmans MJ. Everyday
memory and working memory in adolescents with mild intellectual disability.
American journal on intellectual and developmental disabilities.
2010;115(3):207-17.

|

https://jrsm.khu.ac.ir/
49


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

8. Van der Molen M, Van Luit J, Jongmans M, Van der Molen M. Verbal working
memory in children with mild intellectual disabilities. Journal of Intellectual
Disability Research. 2007;51(2):162-9.

9. Henry L. Short-term memory coding in children with intellectual disabilities.
American journal on mental retardation. 2008;113(3):187-200.

10.Schmidt RA. A schema theory of discrete motor skill learning. Psychological
review. 1975;82(4):225-60.

11.Schmidt RA. The schema as a solution to some persistent problems in motor
learning theory. Motor control: Issues and trends. 1976:41-65.

12.Guadagnoli MA, Lee TD. Challenge point: A framework for conceptualizing
the effects of various practice conditions in motor learning. Journal of Motor
Behavior. 2004;36(2):212-24.

13.Masters, Maxwell. The theory of reinvestment. International Review of Sport
and Exercise Psychology. 2008;1(2):160-83.

14.Masters RSW. Knowledge, knerves and know-how: The role of explicit
versus implicit knowledge in the breakdown of a complex motor skill under
pressure. British Journal of Psychology. 1992;83(3):343-58.

15.Hardy L, Mullen R, Jones G. Knowledge and conscious control of motor
actions under stress. British Journal of Psychology. 1996;87:621-36.

16.Bright JEH, Freedman O. Differences between implicit and explicit
acquisition of a complex motor skill under pressure: An examination of some
evidence. British Journal of Psychology. 1998;89(2):249-63.

17.Maxwell JP, Masters RSW, Kerr E, Weedon E. The implicit benefit of
learning without errors. The Quarterly Journal of Experimental Psychology:
Section A. 2001;54(4):1049-68.

18.Maxwell JP, Masters RSW, Kerr E, Weedon E. The implicit benefit of
learning without errors. The Quarterly Journal of Experimental Psychology A.
2001;54(4):1049-68.

19.Kal E, Prosee R, Winters M, van der Kamp J. Does implicit motor learning
lead to greater automatization of motor skills compared to explicit motor
learning? A systematic review. PLoS One. 2018;13(9):e0203591.

20.Masters RSW, Poolton JM. Advances in implicit motor learning. In: Hodges
NJ, Williams AM, editors. Skill acquisition in sport: Research, theory and
practice. 2 ed. London & New York: Routledge; 2012. p. 59-76.

21.Sanli EA, Lee TD. What roles do errors serve in motor skill learning? An
examination of two theoretical predictions. Journal of motor behavior.
2014,46(5):329-37.

22.Sanli EA, Lee TD. Nominal and functional task difficulty in skill acquisition:
Effects on performance in two tests of transfer. Human Movement Science.
2015;41:218-29.

23.Salehi H, Mehrvarz M, Rafaei M. Errorless practice for facilitate implicit
motor learning in children. Journal of Development & Motor Learning.
2018;10(3):367-84 (In Persian).

24.Van der Molen MJ, Van Luit JEH, Van der Molen MW, Jongmans MJ.
Everyday memory and working memory in adolescents with mild intellectual
disability. American Journal on Intellectual and Develop- mental Disabilities.
2010;115:207-17.

https://jrsm.khu.ac.ir/
50


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22520716.1399.100.100.2.1 ]

25.van Abswoude F, Santos-Vieira B, van der Kamp J, Steenbergen B. The
influence of errors during practice on motor learning in young individual with
cerebral palsy. Research in Developmental Disabilities. 2015;45-46:353-64.

26.Naseri A, Bahram A, Salehi H, Daneshvar a. The effects of errorless practice
on learning an aiming skill in mentally retarded adolescents. Journal of Motor
Learning and Movement. 2019;11(3):295-310.

27.Hartman E, Houwen S, Scherder E, Visscher C. On the relationship between
motor performance and executive functioning in children with intellectual
disabilities. Journal of Intellectual Disability Research. 2010;54(5):468-77.

28.Planinsec J, Pisot R. Motor coordination and intelligence level in
adolescents. Adolescence. 2006;41:667—76.

29.Barnett LM, Van Beurden E, Morgan PJ, Brooks LO, Beard JR. Childhood
motor skill proficiency as a predictor of adolescent physical activity. ournal of
adolescent health. 2009;44(3):252-9.

30.Poolton JM, Masters RSW, Maxwell JP. The relationship between initial
errorless learning conditions and subsequent performance. Human
Movement Science. 2005;24(3):362-78.

31.Poolton JM, Masters RSW, Maxwell JP. Passing thoughts on the
evolutionary stability of implicit motor behaviour: Performance retention
under physiological fatigue. Consciousness and Cognition. 2007;16(2):456-
68.

https://jrsm.khu.ac.ir/
51


https://dor.isc.ac/dor/20.1001.1.22520716.1399.100.100.2.1
https://system.khu.ac.ir/jrsm/article-1-2556-fa.html
http://www.tcpdf.org

