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Abstract 
The aim of study was investigate the effect of focus of attention instructions on muscle efficiency and motor 

performance of skilled Individuals. In this quasi-experimental study with a pre-test-post-test research design, 

30 skilled male golfers with an age range of 25 to 35 years were voluntarily selected and randomly divided into 

3 groups of 10: external attention, internal attention, and control group. In the pre-test, the participants 

performed 20 golf putting trials and EMG of deltoid, subscapular and Pronator teres muscles were also recorded. 

The intervention phase was carried out in 3 consecutive days, and on each day, the subjects performed 20 golf 

putting as well as the EMG of the muscles was recorded simultaneously with the execution of the golf putting. 

After the training sessions, the golf shot post-test was performed in 20 trials similar to the pre-test. Additionally, 

in the post-test phase, similar to the pre-test, the EMG of the deltoid, subscapular and pronator teres muscles 

was recorded. The data was analyzed by the mixed variance analysis method. The results of the behavioral 

section showed that there is a significant difference between the accuracy of the golf putting in the research 

groups; these differences were in favor of the external focus group. Further, the results in the electromyography 

section showed that the group that received external attention training had a significant decrease in average 

muscle activity compared to other groups (p<0.05). These findings suggest that external attention training leads 

to a more efficient and economical muscle pattern in movement. In sum, the results of the present study revealed 

that the external attention strategy can improve performance in skilled athletes, both behaviorally (increasing 

the accuracy of shots) and electromyographically (decreasing muscle activity). It is suggested that this strategy 

be considered as an effective educational method.    
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Extended Abstract  

Background and Purpose 
Researchers and educators believe that the type of orientation of people's focus of attention can have 

an almost immediate effect on their performance and motor learning. Despite the evidence, there are 

some contradictions in the findings, and some studies did not find an advantage of external attention 

or, in some cases, an advantage of internal attention (1). These studies argue that the effectiveness of 

focusing attention depends on the individual's experience. However, this research sheds light on the 

behavioral level because the investigation of a neurophysiological mechanism has been neglected. 

Some studies have confirmed external attention superiority, such as in novice subjects, and other 

researchers have found no difference for experts (2, 3). However, other researchers have found no 

difference in performance between attention conditions. Occasionally, superior performance under 

control conditions was found to be comparable to internal and external attention conditions (4-6). 

Therefore, given that the focus of research has been mostly on behavior and beginners, the purpose 

of this research is to investigate the effect of the focus of attention on the performance and muscular 

efficiency of skilled individuals.  
 

Materials and Methods 
The participants of the present study were 30 skilled golfers aged 25-30 (handicap 2-6) who were 

selected as voluntary participation from Isfahan Golf Club. The tool used in this study was the golf 

target that the subjects executed their shots towards this target. Participants were asked to execute 2 

m shots to a circular target (hole), with a standard pit diameter of 10.8 cm. The range of scores was 

between 0 and 5. The next tool used in this research was the electromyography device. The electrodes 

were placed on the deltoid muscles, Subscapularis muscle, and Pronator teres muscle. Subjects 

performed the pre-test of the golf shot in a block of 20 attempts. Besides, 3 deltoid, subscapular and 

rotator cuff muscles were selected as the muscles involved in golf swing execution and the electrical 

activity (EMG) of these muscles was measured in three stages of pre-test, post-test and during the 

implementation of training efforts (7). After the pre-test stage, the subjects performed 20 golf shot 

attempts in each session with a 30-second rest interval in three sessions. After finishing the post-test 

training sessions, golf shots were taken from the subjects as in the pre-test stage, which was with no 

attention instructions. The data was analyzed with mixed analysis of variance in SPSS 21 software. 
 

Results and Discussion 
The results showed that the focus of attention had a significant effect on the motor performance of 

putt golf skills (η2=0.509, Sig.=0.001, F=27.98). In addition, the interaction effects (η2=0.232, 

Sig.=0.028, F=4.07) were also significant. There was a significant difference between research groups 

(η2=0.683, Sig.=0.001, F=29.12). At the neurophysiological level, the results showed that the focus 

of attention had a significant effect on the EMG of the deltoid muscle (η2=0.201, Sig.=0.015, F=6.79). 

Further, the interaction effects (η2=0.772, Sig.=0.001, F=45.79) were significant. As well, there was 

a significant difference between research groups (η2=0.796, Sig.=0.001, F=52.54). The focus of 

attention also had a significant effect on the EMG of the subscapular muscle (η2=0.583, Sig.=0.001, 

F=37.76) and the interaction effects (η2=0.892, Sig.=0.001, F=112.04) were also significant. There 

was also a significant difference between research groups (η2=0.720, Sig.=0.001, F=34.65). Finally, 

the focus of attention had a significant effect on the EMG of the Pronator teres muscle (η2=0.482, 

Sig.=0.001, F=12.53) and the interaction effects (η2=0.620, Sig.=0.001, F=21.98) were also 
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significant. Likewise, there was a significant difference between research groups (η2=0.720, 

Sig.=0.001, F=34.65). In general, the results of this research in the area of behavior and 

neurophysiology showed that an external attention strategy had a greater effect on increasing the 

accuracy of golf pot performance and reducing muscle EMG activity in skilled people. 

The results of the present study revealed that external attention is effective on muscle cross-sectional 

area in addition to behavioral effects. In the behavioral part, our results are in agreement with the 

findings of Pashabadi and Jamshidi (8), West and Wolf (9), Porter and Sim (10), Asadi et al. (11), 

Westphal and Protter (12) and Bell and Hardy (13). Regarding the justification of the results of the 

present research and their interpretation in accordance with the research conducted above. We can 

refer to the strong theoretical supports created in this field according to the Optimal Learning Theory 

of wulf and Luthwaite (14), the Constrained Action Hypothesis of wulf et al. (15) and the Explicit 

Processing Hypothesis of Maxwell and Masters (16). In the neurophysiological part, the study’s 

findings are in line with those of Pashabadi and Jamshidi (8), Vince et al. (17), Zacheri et al. (18), 

Wulf et al. (19) and Lohse et al. They note that in the external focus of attention, neuromuscular 

activity is reduced and motor unit recall occurs more markedly. According to the literature, adopting 

an external focus of attention can facilitate optimal muscle adjustments during the task to preserve 

movement effects. On the other hand, focusing on the movement itself can have the opposite effect, 

for example increasing muscle stiffness rather than the outcome of the movement (21, 22). 
 

Conclusion  
In general, the results of this study in both behavioral and neurophysiological domains showed that 

the instruction of the external focus of attention has more effects than the control and internal focus 

of attention group. Neurophysiological findings support the behavioral findings in this research. 

Therefore, educators, therapists, and clinicians should be aware that changes in attentional focus can 

affect both behavioral and neurophysiological levels. However, they must develop strategies to 

maintain focus in the form of an external attention. Overall, we recommend that instructors take 

advantage of external focus conditions when providing instructions and feedback that direct 

attentional focus. The findings of this study can only be used for skilled and experienced golfers.  
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)¹½v¹ Ĉò¤Æz Ĉù ĈÅ½¾z v½ ¾´{£ ²ÖÅ ÿ Ă«Ā£ Àí¾ú£ Ăí Ĉ£wÞõwÖù ¾¨ív v½ Ĉ¤í¾³ ć¾Ċñ¹wĉ wĉ ¹¾îöúÝ ºþýwù Ĉĉwă¾Ċâ¤ù Iºþþí

¾Úýºù    ½v¾éā¹v¹ ºýv) ¿v  vĉüÿ½ûj Iw¤å½ ôĊö´£ ²ÖÅ wăĂ¤å¾ñ ¾Úý ½¹ v½ ć½Ă¬Ċ¤ý )ºýv  ā¿vºýv v½ ¹¾îöúÝÖÅ Ăz ÿ ºý¹¾í ć¾Ċñ  ²

ā¿vºýv ÿ ìĉÁĀõĀĉÀĊåÿ½ĀýºĊõĀ£ ć¾Ċñ    ć¾¤úí Ă«Ā£ ¡wí¾³ ºýÿ½ wĉ ¹¾îöúÝ Ă¤Év¹ºýv )Ăz ûvĀþÝów¨ù  IEMGøÊ¯ I  Ătv½v v½ ć¿vºýv

ĈùĈù ó¾¤þí Ĉ{ÎÝ ø¤ÆĊÅ ÔÅĀ£ ¢í¾³ ĂýĀò¯ Ăí ºþíĂ«Ā£ ¹v¾åv Ăí Ĉýwù¿ I¹ĀÉ  ÿ ā¹¾í yö« ¹Ā· Ăz v½ äö¤¸ù ćwă

Ăĉw~Ĉù ĂÞõwÖù v½ ¢í¾³ ìĉÁĀõĀĉÀĊå Ĉ{ÎÝ ćwăv½wîúă ÿ Äýÿ )ºþþí$ û-++/ ìĉ IìĉÁĀõĀĉÀĊåÿ½Āý ²ÖÅ wz ĂÖzv½ ½¹ #

¢ĊõwÞå Èăwí EMG »w¸£v ÷wòþă v½   ûwÊý v½ ºùj½wí ĈýĒÒÝ ¢ĊõwÞå ¢ĉÀù ĈÊăwí üĊþ¯ Ăí ºý¹¾í Ç½vÀñ Ĉýÿ¾Ċz Ă«Ā£

Ĉù$ ºă¹,3ĉ üĉv )#Ă¤åw wă    ûwÊý ÀĊý äĊõwî£ ¾ĉwÅ ½¹ ā¹v¹  āºÉ    )¢Åvûv½wîúă ÿ ¢ýw¯½wù,  $-++1  IìĊ¤þíÿÀĉv äĊöî£ ½¹ #

 ûv½wîúă ÿ ć¾¯v¿- $-++0$ ûv½wîúă ÿ äõÿ Iów{¤îÆz xw£¾~ ¢é¹ ½¹ #-+,+ûv½wîúă ÿ ĂÆĄõ ÿ Ûwæ£½v Ç¾~ ½¹ #. $-+,+ #

$ ¡½v¹ xw£¾~ ½¹,0  I,4(-,$ ¡wêĊê´£ üĉ¾£ºĉº« ½¹ ÿ #,2  I--  I-.  )#v¹Ā«ÿwzĉü    Ĉ£wÒéwþ£ IºăvĀÉ½¹  Ă¤åwĉ  I¹½v¹ ¹Ā«ÿ wă

ĂzĈùwòþă ËĀÎ·Èĉwù¿j ½¹ ¾ăwù ¹v¾åv ĂíĈù ¢í¾É Ă«Ā£ ûĀýwí ćwă$ ºþþí-/  )# 

v½ Ĉýÿ¾Ċz ûĀýwí ć¾£¾z ¡wÞõwÖù ¿v Ĉ·¾z  ćº¤{ù ¹v¾åv ºþýwù Iºý¹¾í ºĊtw£    āºăwÊù ûwÎÎ¸¤ù ćv¾z v½ Ĉ£ÿwæ£ ¾òĉ¹ ûwêê´ù ÿ

ā¹¾îý  ºýv$,1  I-0)#  Ĉõw³½¹¹¾îöúÝ ½¹ Ĉ£ÿwæ£ ®Ċă ¾òĉ¹ ûwêê´ù Ăí  ā¹¾îý vºĊ~ Àí¾ú£ Ôĉv¾É üĊzwĉ ÿ ºýv    ¹¾îöúÝ I¡wéÿv Ĉăwñ

$ ºÉ ¢åwĉ Ĉýÿ¾Ċz ÿ Ĉýÿ½¹ ûĀýwí Ôĉv¾É wz ĂÆĉwêù ½¹ ó¾¤þí Ôĉv¾É ¢´£ ¾£¾z-1(-3)#  ûĀýwí Ăí Ĉ£wêĊê´£ Iüĉv ¾z āÿĒÝ

Ĉù ĈÅ½¾z ¹¾îöúÝ üĊ³ ½¹ v½ ¾ăwù ¹v¾åv Ă«Ā£Ĉù ûwÊý Iºþí xĀ{´ù Ĉýÿ½¹ ûĀýwí ćÂ£v¾¤Åv »w¸£v Ăí ºă¹$ ¢Åv ¾£-4  I.+)# 

Ă¤åwĉ üĉvĂ¤åwĉ wz āv¾úă wă¤å¾ñ ¡½ĀÍ ¡wÊĉwù¿j ¿v äö¤¸ù ćwă$ ºÉ ºĊtw£ ¾ăwù ûwĉ¾¬ù ćÿ½ ¾z Ă,1  I-0(-3  Iüĉv¾zwþz )#

 ćÂ£v¾¤Åv ¾ăwù ¹v¾åv IMđwú¤³v )ºzwĉ øĊúÞ£ đwz ¡½wĄù ²ÖÅ wz ûwĉ¾¬ù Ăz ¢Åv üîúù Ă«Ā£ ûĀýwí ¡v¾Ċ§m£ Ăí ¢Åv Ì¸Êù  ćwă

ā¹v¹ ĂÞÅĀ£ v½ ĈĄ«Ā£ ûĀýwíûj ćđwz ¹¾îöúÝ Ăí ºývĈù Øæ³ v½ wă$ ºý¹v¹ ûwÊý v½ Ĉæõw¸ù ªĉw¤ý Ĉ·¾z Iwùv )ºþí.+ Ç½vÀñ ÿ I#

ìĉ ìĊ£wú¤ÆĊÅ »w¸£v èĉ¾Õ ¿v ¾ăwù ¹v¾åv ¹¾îöúÝ Ăí ºý¹¾í Ĉýÿ¾Ċz Ă«Ā£   ÈĉvÀåv ¾¤ÊĊzùĈ ĉºzw  ûwÊý Ăí Ĉ£wĊz¹v ĈÅ½¾z  )

 ¾ăwù ûwĉ¾¬ù ćv¾z Ă«Ā£ ûĀýwí ¢ĉÀù ÷ºÝ ¿vùĈ ºÉwzĈù ûwÊý J  )¹½v¹ ¦´z ćw« ¿Āþă ć¹¾îĉÿ½ üĊþ¯ Ăí ºă¹ 

¹v¾åv ¾z Àí¾ú¤ù Ă«Ā£ ûĀýwí ćÿ½ ¾z Ă¤å¾ñ ¡½ĀÍ ¡wêĊê´£ ¾¤ÊĊz IºÉ ā½wÉv đwz ½¹ Ăí ć¹½vĀù Ăz Ă«Ā£ wz Iüĉv¾zwþz    ćº¤{ù

¢Åv ā¹Āz ć½w¤å½ ²ÖÅ ½¹ ÿ  Ă¤åwĉ wz èzwÖù ÀĊý ĂþĊù¿ üĉv ½¹ ć½w¤å½ ā¿Ā³ ªĉw¤ý Ăí  ćwă÷w¬ývāºÉ    Ðéwþ¤ùùĈºÉwz  ã¾Õ ¿v )

 ½ĀÊí ô·v¹ ½¹ Ă«Ā£ ûĀýwí ¡v¾§v ĈîĉÁĀõĀĉÀĊåÿ½Āý ā¿Ā³ ¡wêĊê´£ I¾òĉ¹Ă«Ā£¹½Āù  ¡wêĊê´£ ÿ ā¹Āz Ĉúí÷w¬ýv  āºÉ   üĉv ½¹

  Àí¾ú¤ù ćº¤{ù ĂÞùw« ¾z ¾¤ÊĊz ÀĊý ĂþĊù¿ā¹Āzºýv  ¹¾å ÔÅĀ£ èåĀù v¾«v ìĉ ¢Ą« Ăí ¢Åv ĈæĊöî£ Iäöñ äĊöî£ IüĊþ°úă )

  ć½wĊÆz ¡ĒÒÝ û¹¾í ðþăwúă ºþù¿wĊýĂöú«¿v    IºĊtĀ¤õ¹$ÅĊĂþv  ÿ ¹¾ñ āºþýv¹¾ñ ûÿ½¹ IĈæ¤í ¢´£ Iï½Àz Ĉ¤Ê~ Iï½Àz ć

Ĉù #ºÝwÅ ¡ĒÒÝ  ºÉwzāv½ ¿v Ĉîĉ ÿ  ²ÖÅ ĈÅ½¾z ćwăćºùj½wí   ¡v¾ĊĊâ£ ĈÅ½¾z ¡½wĄù ìĉ ćv¾«v üĊ³ ½¹ ĈýĒÒÝ ÜÖêù

EMG    ¡ĒÒÝùĈºÉwz )    Iüĉv¾zwþz¿v  w¬ýjĈĉĂí    ¡wêĊê´£ ¾¤ÊĊz÷w¬ývāºÉ    ĈÅ½¾z$ ā¿Ā³ üĉv ½¹EMG    Ôĉv¾É ¢´£ ¡ĒÒÝ

¡½wĄù ¡wêĊê´£ ¾z ÿ ā¹Āz ó¹wÞ£ ÿ ¢ùwé ó¾¤þí äĊõwî£ ¾z Àí¾ú¤ù #Ă«Ā£ ûĀýwí  ãºă I¹½v¹ ¹Ā«ÿ Ĉúí Àí¾ú£ Ĉ¤í¾³ ćwă

  Ï¾å üĉv ĈÅ½¾z èĊê´£ üĉv ĈöÍvùĈ ºÉwz    äöñ Ăz¾Ñ ¹¾îöúÝ ¾z ć½v¼ñ¾§v¾z āÿĒÝ Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí ćÂ£v¾¤Åv ìĉ Ăí

 ½¹ ¡v¾ĊĊâ£ Ăz ¾¬þù ¾ăwù ¹v¾åvćºùj½wí  ÀĊý ĈýĒÒÝ ¢ĊõwÞå ùĈ¹ĀÉ. 

 
1. Marchant et al 

2. Zachry et al 

3. Lohse et al 
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èĊê´£ Çÿ½ 
 ÈăÿÂ~  I¾Ñw³   wz  Ă«Ā£  Ăz   ãvºăv  ~ÈĊĈþĊz  IāºÉ  ¿v  ÛĀý  ¡wêĊê´£  Ĉz¾¬£ ĂúĊý  ÿ  üĊþ°úă  wz  Ă«Ā£  Ăz  óĀÕ  ûwù¿  ćv¾«v   èĊê´£  

¿v  ÛĀý  ĈÞÖêù  ÿ  Ăz  ×w´õ   ā¹wæ¤Åv  ¿v   ªĉw¤ý  Ăz¢Å¹ āºùjI  ć¹¾z½wí  ¹Āz¢í¾É )  ûwñºþþíèĊê´£  ¾Ñw³  .+    ¿wz äöñ  }îĉºþă$ ¾ăwù

-(1#    Ăí ºý¹ĀzĂz¡½ĀÍ    ûv¿wz äöñ$ ºýºÉ xw¸¤ýv ûwĄæÍv Ăýw· äöñ ĂÝĀú¬ù ¿v Ăýw{öÕÿv¹ ¢í½wÊùÃwÅv ¾z  ²ÖÅºþz  ć

Ăå¾³ ìĉ ćv¾z$ ¾æÍ ¿v ćv w£ #đwz ²ÖÅ üîĉ¿wz0/ Ă¤Å¹ #ćº¤{ù üîĉ¿wz ìĉ ćv¾z$Ĉù ćºþz }îĉºþă )ºýĀÉÃwÅv ¾z    ¹vºÞ£

Ĉù ¿ÿw¬£ ½w~ ¿v ć¿wz ā½ÿ¹ ìĉ ½¹ üîĉ¿wz Ăí Ĉ£wz¾Ñ Ĉù üĊĊÞ£ ºþí Ăúă 5¹Āz ¾ĉ¿ ¹½vĀù ôùwÉ èĊê´£ Ăz ¹ÿ½ÿ ćwă½wĊÞù )#¹ĀÉ

¢í¾Éûwñºþþí    ĈþÅ Ăþùv¹ ½¹-0    w£.+  ¢í¾É Ăúă )ºþ¤Év¹ ½v¾é ówÅ ¢Åv½ ûwñºþþí¢í¾É Ăúă Jºý¹Āz ¢Å¹  ûwñºþþí

¢í¾É Ăúă Jºý¹Āz ĈÞĊ{Õ ºĉ¹ ćv½v¹¾ăwù ûwñºþþí    }îĉºþă$- (1  # ¾ĉ¿ ¹½vĀù ôùwÉ ÀĊý èĊê´£ ¿v ©ÿ¾· ćwă½wĊÞù )ºý¹Āz

 yĊÅj IèĊê´£ ÷w¬ýv ¿ÿ½ ½¹ ¢{Ċá IèĊê´£ ½¹ ¢í¾É ¿v ãv¾Îýv 5¹ĀzÅv ¾í» Ăz ÷¿đ )èĊê´£ äö¤¸ù ô³v¾ù ½¹ Ĉñºĉ¹  Ăí ¢

¢ĉwÑ½ ÷¾åĈý¹Āù¿j ¿v Ĉ{¤í Ăùwý )ºĉ¹¾ñ ¼·v wă 

üĊõÿv  Ĉý¹Āù¿j Ăí ¹Āz äöñ ãºă IèĊê´£ üĉv ½¹ ā¹wæ¤Åv¹½Āù ½vÀzvĈù v¾«v ãºă üĉv ¢úÅ Ăz v½ ¹Ā· ¡wz¾Ñ wă ¿v )ºý¹¾í

¢í¾É Ăz¾Ñ Ăí ºÉ Ă¤ÅvĀ· ûwñºþþí  ćwă-  ā¾ĉv¹ ãºă ìĉ Ăz v½ ć¾¤ù  ¹½vºýw¤Åv óv¹Āñ ¾Öé wz I#µv½ĀÅ$ ćv3*,+  Ĉ¤ýwÅ  I¾¤ù

$ ĈÝĀþÎù üú¯ Ĉö·v¹ À{Å ¾ĊÎ³ ìĉ ½¹ û¹¿ Ăz¾Ñ äĊöî£ )ºþþí v¾«v2++   =00+ Ĉ¤ýwÅ  ¢é¹ üĊĊÞ£ ćv¾z )ºÉ ÷w¬ýv #¾¤ù

 Ăí Àí¾úõvº´¤ù ā¾ĉv¹ ½wĄ¯ IĂz¾Ñ  Ăzï½Àz āºþĉvÀå ½ĀÕĈù ¾£ )ºýºÉ    ¾Öé wz µv½ĀÅ ãv¾Õv ½¹ yĊ£¾£ Ăz.+  I0+  I2+    ÿ4+  

Ĉ¤ýwÅĂz ¡wz¾Ñ ¾ñv )ºýºÉ øÅ½ ¾¤ù ¢ĊêåĀù ½ĀÕ  ¿wĊ¤ùv ºýĀÉ v¾«v ÀĊùj0  ¾å ćv¾z  I½wĄ¯ ¡v¿wĊ¤ùv )ºÉ ºăvĀ· Ă¤å¾ñ ¾Úý ½¹ ¹

|Ā£ ćv¾z yĊ£¾£ Ăz ¿wĊ¤ùv ìĉ ÿ ÿ¹ IĂÅäéĀ¤ù ćwă èÕwþù ¿v Ĉîĉ ½¹ āºÉ¾£½ÿ¹   ¢{§ùĈ  ¿v ©½w· ½¹ Ăí Ĉ~Ā£ ¾ă ćv¾z )¹ĀÉ

ï½Àz¾£  ā¹v¹ ¾æÍ ¿wĊ¤ùv I¹¾Ċñ ½v¾é ā¾ĉv¹ üĉùĈ  ¿v ĈÖ· ćÿ½ |Ā£ Ăí ûwù¿ ¾ă )ºÉv¹ā¾ĉ  äéĀ¤ù Àí¾úõvº´¤ù ćwăùĈ  IºÉ

  ā¹v¹ ÈÉĀí ćv¾z ½ÿw¬ù ĂêÖþù ÿ¹ ¾£đwz ā¾úýùĈ)ºÉ ¢í¾É Ăúă  ā¹wæ¤Åv ¾£w~ ìĉ ¿v ûwñºþþíùĈ$ ºý¹¾í.,  )# 
 

 
 ôîÉ,(  äöñ ãºă 

Figure 1- Golf target 
 

  )¹Āz Ĉåv¾ñĀĊùÿ¾¤îõv āwò¤Å¹ èĊê´£ üĉv ½¹ ćºÞz ā¹wæ¤Åv¹½Āù ½vÀzvĂz½ĀÚþù    ¢{§ā¹v¹wă  üĉÿwòù āwò¤Å¹ ¿v Ĉåv¾ñĀĉwùÿ¾¤îõv ć

  āwò¤Å¹ )ºÉ ā¹wæ¤ÅvME6000    óºù MT-M6T16    ćv½v¹,1    Ăz ½¹wé Ăí ¢Åv ówýwíā¿vºývñ  Ĉîĉ¾¤îõv ¢ĊõwÞå ć¾Ċ/    w£3  

Ăz ĂöÒÝøă ½ĀÕ  ćv¾z )¢Åv ûwù¿À¬£Ăĉ  ¿v ûj ªĉw¤ý ôĊö´£ÿ÷¾ý½vÀåv  MEGAVIN Software Version 2.2    )ºÉ ā¹wæ¤Åv
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wùÿ¾¤îõvĉåv¾ñĀĈ ´ÖÅ Ĉ v¾zć õwÞå ¡wÝĒÕv ¢{§Ċ ¢  ýĒÒÝ Ĉ Ăz )ºÉ ā¹wæ¤ÅvÅ ¢{§ ½ĀÚþùĊówþò ½v¼ñ ¹ÿ¾¤îõv ô´ù vº¤zvć   wz

wăĀù ã¼³ć ú£ ôîõv Ä Å ÿ ºtv¿ĊÀ ÿ½ ¾z v½ wă¹ÿ¾¤îõv )ºÉć  ¡ĒÒÝ ¹¾ñ āºþýv¾ñ ûÿ½¹ IĈæ¤í ¢´£ IºĊtĀ¤õ¹  wz ÿ ā¹v¹ ½v¾é

úÕv óĀÎ³Ċûwþ  v ¿vĉĂîþ ÿ½ ¾z wă¹ÿ¾¤îõvć Å I¹½v¹ ½v¾é ĂöÒÝ øîÉĊ ¢{§ ówþòºÉ¿vĀù wă¹ÿ¾¤îõv )ć  wz wă½w£ ¢Ą«ć  ýĒÒÝĈ  

Ĉ¤ýwÅ ÿ¹ ĂöÍwå Ăz ÿÿ½ ¾z øă ¿v #Àí¾ù w£ Àí¾ù$¾¤ùć  ñºùj¾zĈ    ā¹v¹ ½v¾é ĂöÒÝ Àí¾ùºýºÉwĄý )Mw¤ĉ  {¨£Ċ¢  ôzwíÿ½ wăć   ¢ÅĀ~

ö ùj ÿĈ¾ĉwå   wă¹ÿ¾¤îõv )¢å¾ñ ÷w¬ývć  ¨þ·Ĉ  ýĊÀ  ÿ½ć  ývĀ¸¤Åv ºtvÿ¿Ĉ    ôÎ¤ùºýºÉā¹v¹ )wăć  Å ¿v ā¹wæ¤Åv¹½ĀùĊówþò  ¢{§  āºÉ

ùÿ¾¤îõvĊåv¾ñĀĈ  ù ½¼« IôùwÉ Ċ òýwĊü    ¡wÞz¾ù¹Āz  v¾å ¿v Ä~ Ăíĉºþ  ówù¾ý¿wÅć  ù yÆ³¾z ÿÿ¾îĊ    ¢õÿ  ¢Å¹ Ăz  Ăz ÷¿đ )ºùj

  äöñ ¡w~ ¡½wĄù ½¹ ¾ĉ¿ y¸¤þù ¡ĒÒÝ Ăí ¢Åv ¾í»Å½¾z¹½Āù  èzwÖù )¢å¾ñ ½v¾é ĈĂÞõwÖùwz  ûv½wîúă ÿ ½Āù,  $-+,-  #

 ¡ĒÒÝ ôùwÉ äöñ ¡w~ Ăz¾Ñ ½¹ Ĉzwĉ¿½v ¹½Āù ¡ĒÒÝ ºĊtĀ¤õ¹ IĈæ¤í ¢´£ I ¹¾ñ āºþýv¾ñ ûÿ½¹ Ĉù$ ºÉwz.- ûwîù )#  ¹ÿ¾¤îõv

½v¼ñ ¡ĒÒÝ ćv¾z ć$ ºÉ Ãw{¤év ÷wĊþÅ ¢ĉwÅ ¿v ûĀù¿j ¹½Āù www.seniam.org )# 

¢í¾É xw¸¤ýv ¿v ºÞz ûj ¿v ¢ĉwÑ½ ÷¾å yÆí ÿ ûwñºþþí  ½¹ )ºÉ ā¹v¹ ²ĊÑĀ£ èĊê´£ ãvºăv ¹½Āù ½¹ ć¿wÅwþÉj ĂÆö« ½¹ Iwă

¢í¾É Ăí ¢Év¹ ¹Ā«ÿ äöñ ¡w~ äĊöî£ ìĉ ¾Ñw³ ĂÞõwÖù Ă«Ā£ ûĀýwí Ôĉv¾É ĂÅ üĉv ½¹ äöñ Ăz¾Ñ ćv¾«v Ăz ûwñºþþí

ó¾¤þí ÿ Ĉýÿ¾Ċz IĈýÿ½¹  ôúÞõv½Ā¤Å¹ ûÿºz$#ÈÉĀí ¾ă ½¹ Ă«Ā£ ûĀýwí ćwă  ÈĊ~ Ăö³¾ù Ûÿ¾É ¿v ô{é )ºþ¤·v¹¾~ IûĀù¿j

ćvĀ¤´ù wĉ ĈòýĀò¯ Ăz Ü«v½ Ĉ£wÝĒÕv  ôúÞõv½Ā¤Å¹ćwă ĈĄ«Ā£ ÃwÅv ¾z Ëw· ôúÞõv½Ā¤Å¹  ¾ă   āÿ¾ñ  Ăí$  ½¹  Ăùv¹v  ÿ  ½¹   È¸z  

 ôúÞõv½Ā¤Å¹²ĊÑĀ£ wă  ā¹v¹  āºÉ#¢Åv  Ăz  ÿ¹   āÿ¾ñ  ĈÊĉwù¿j  ā¹v¹  Ĉý¹Āù¿j ¿v Ä Å )ºÉ £ ºÉ Ă¤ÅvĀ· wă  ¢ĊÞÑÿ üĉ¾¤Ąz w

Ĉý¹Āù¿j Ä Å )ºþþí Ì¸Êù ãºă ¢úÅ Ăz äöñ ¡w~ ¢Ą« IÛÿ¾É Ô· ćÿ½ ¾z v½ ¹Ā· ½v¾ê¤ÅvÈĊ~ wă v½ äöñ Ăz¾Ñ ûĀù¿j

  ëĀöz ìĉ ½¹-+    IüĊþ°úă )ºý¹¾í v¾«v ĈÊÉĀí.    ¹¾ñ āºþýv¹¾ñ ûÿ½¹ ÿ Ĉæ¤í ¢´£ IºĊtĀ¤õ¹ ĂöÒÝĂzûvĀþÝ    ¾Ċñ½¹ ¡ĒÒÝ

$ Ĉîĉ¾¤îõv ¢ĊõwÞå ÿ xw¸¤ýv äöñ Ăz¾Ñ ćv¾«v ½¹EMGÈĊ~ Ăö³¾ù ĂÅ ½¹ ¡ĒÒÝ üĉv #Ä~ IûĀù¿j ćv¾«v ûwù¿ ½¹ ÿ ûĀù¿j

ÈÉĀí  Ĉþĉ¾ú£ ćwăā¿vºývñ$ ºÉ ć¾Ċ.-¢Æ¸ý )# yÎý ô´ù wă¹ÿ¾¤îõv ćÿ½  çwÅ w~ ćÿ½ ÿ ĂÅ ĂöÒÝ   ÿ Ĉæ¤í ¢´£ IºĊtĀ¤õ¹

Ì¸Êù ¹¾ñ āºþýv¹¾ñ ûÿ½¹ ºÉ Ä Å ÿ ô´ù ¾Úý¹½Āù ĂzÅÿĂöĊ IÇv¾£ Āù ôîõv ćwă¹ÿ¾¤îõv ÿ āºÉÀĊú£  ½wz ìĉ  ã¾Îù   Ăz  

 ¾Öé0*, Ĉ¤ýwÅćÿ½ ¾¤ù ô´ù ¾Úý¹½Āù Ăz½ĀÚþù Ĉåv¾ñĀĊùÿ¾¤îõv üĉv ½¹ ĂöÒÝ ĂÅ ûwù¿ ¢ĊõwÞå yÎý )ºÉ ÷¿đ Ăz ¾í» ¢Åv 

¢ĊõwÞå Ăí Ĉîĉ¾¤îõv ĂÅ ĂöÒÝ  ½¹ ÿ¹ Ăö³¾ù ÈĊ~ûĀù¿j Ä~ ÿÿ ûĀù¿j āv¾úă  wz ćv¾«v äĊöî£ ĈýĀù¿j äöñ Ăz¾Ñ   ¢úÅ Ăz

  ãºăÌ¸ÊùāºÉ ¢{§ Ĉý¹Āù¿j ÔÅĀ£ ãºă ¿v ć¾¤ù ÿ¹ ĂöÍwå ¿v äöñ ¡wz¾Ñ Ăí ¢Åv ¾í» Ăz ÷¿đ )ºÉ  ½¹ )ºĉ¹¾ñ v¾«v wă

ÈĊ~ Ăö³¾ù ÿ¹ ĈÕÄ~ ÿ ûĀù¿j  IûĀù¿j÷vºí¾ă   Ĉý¹Āù¿j ¿v  ëĀöz ìĉ wă-+    v½ ĈÊÉĀíĂöÍwåwz    ¢³v¾¤Åv.+  ýw§ ĂĊ üĊz ćv

ÈÉĀí  ûÿºz wăă®Ċ ÈĊ~ Ăö³¾ù ¿v ºÞz )ºý¹v¹ ÷w¬ýv ĈĄ«Ā£ ôúÞõv½Ā¤Å¹ ĂýĀñĈý¹Āù¿j IûĀù¿j  ¡ºù Ăz Ĉþĉ¾ú£ ĂÆö« ½¹ wă

ĂÆö« ĂÅ  ¤ù ¡½ĀÍ Ăz$#¿ÿ½ ĂÅ ½¹ ĈõvĀôúÞõv½Ā¤Å¹ È¸z ½¹ Ăí$ ¹Ā· āÿ¾ñ Ăùwý¾z ÃwÅv ¾z I  ²ĊÑĀ£ wăā¹v¹āºÉ   #¢Åv

  ûj ĈÕ Ăí Iºý¹¾í ¢í¾É÷vºí¾ă  Ĉý¹Āù¿j ¿v  ĂÆö« ¾ă ½¹ wă-+    v½ äöñ Ăz¾Ñ ÈÉĀíĂöÍwåwz    ¢³v¾¤Åv.+  ýw§ ĂĊ üĊz ćv

ÈÉĀí wă  Ä~ Ĉþĉ¾ú£ ¡wÆö« ÷wú£v ¿v ºÞz Ăí ¢Åv ¾í» Ăz ÷¿đ )ºý¹¾í v¾«vÈĊ~ Ăö³¾ù ºþýwúă äöñ Ăz¾Ñ ûĀù¿j ¿v ûĀù¿j

Ĉý¹Āù¿j  ûÿºz Ăí JºÉ Ă¤å¾ñ wă ă®ĊÈĊ~ Ăö³¾ù ÿ¹ ¾ă ½¹ )¹Āz ĈĄ«Ā£ ôúÞõv½Ā¤Å¹ ĂýĀñÄ~ ÿ ûĀù¿j  ā¾úý üĊòýwĊù ûĀù¿j

-+    ÈÉĀíāºÉv¾«v  ĂzûvĀþÝ  Ĉý¹Āù¿j ÷w· ā¾úýôúÞõv½Ā¤Å¹ Ătv½v āĀĊÉ Ăí ¢Åv ¾í» ÷¿đ )ºÉ ¢{§ wă  ½¹ Ă«Ā£ ûĀýwí ćwă

āÿ¾ñ  äö¤¸ù ćwăĂz¡½ĀÍ  Ĉý¹Āù¿j ¿v 5¹Āz ¾ĉ¿  ¾z äöñ Ăz¾Ñ ćv¾«v ÷wòþă Ăí ºÉ Ă¤ÅvĀ· Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí āÿ¾ñ ćwă

 
1. Morre et al 

http://www.seniam.org/
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 ì¯Āí¾£  ā¾ĉv¹ üĉãºă¡½v¹  ºþþí Ă«Ā£    āÿ¾ñ ¿v ÿôúÞõv½Ā¤Å¹   üĊ³ ¹Ā· ªý½j Ăĉÿv¿ ¾z Ăí ºÉ Ă¤ÅvĀ· Ĉýÿ½¹ Ă«Ā£ ûĀýwí

÷¿đ )ºþþí ¢é¹ äöñ Ăz¾Ñ ćv¾«v  Ăz  ¾í»  ¢Åv  Ăí  Ăz  āÿ¾ñ  ó¾¤þí  ă®ĊĂýĀñ  ĈöúÞõv½Ā¤Å¹  Ătv½v  ºÊý   ÿ  ÈÉĀíwăć  ĂÆö«  

Ĉþĉ¾ú£  v½  ûÿºz  ôúÞõv½Ā¤Å¹  ÷w¬ýv  )ºý¹v¹  Ăz½ĀÚþù  À¬£ Ăĉ  ¿v I¡wÝĒÕv ôĊö´£ÿÇÿ½wă  Ă{Åw´ù ćv¾z ĈæĊÍĀ£ ½wùj ć Ì·wÉwă  ć

ā¹v¹ û¹Āz ówù¾ý ĈÅ½¾z ćv¾z ìöĉÿ ÿ¾Ċ~wÉ ûĀù¿j ¿v )ºÉ ā¹wæ¤Åv ćÀí¾ù ć¾zv¾z ĈÅ½¾z ćv¾z ûĀõ ûĀù¿j ¿v )ºÉ ā¹wæ¤Åv wă

  ćwă¾Ċâ¤ù Äýwĉ½vÿ¾Úý¹½Āù  ¿v IĈÕw{þ¤Åv ½wùj ½¹ )ºÉ ā¹wæ¤Åv  ûĀù¿j  ôĊö´£  ½vÿÄýwĉ    )ºÉ ā¹wæ¤Åv yí¾ùÀ¬£ĂĉôĊö´£ÿ  ā¹v¹  wă

wz  ā¹wæ¤Åv ¿v ÷¾ý ½vÀåvć½wùj SPSS Ă¸Æý -/ ½¹ ²ÖÅ ĈþÞùć½v¹ +0*+ ÷w¬ýv ¢å¾ñ ) 
 

Ă¤åwĉćwă ÈăÿÂ~ 
 óÿº« ½¹, IÌ·wÉwăāÿ¾ñ ½¹ èĊê´£ ćwă¾Ċâ¤ù Ăz ÓĀz¾ù ć½wùj ć äö¤¸ù ćwă Ătv½vāºÉ ¢Åv ) 

 

 óÿº«,(  ½wĊÞù ãv¾´ýv ÿ üĊòýwĊù Üĉ¿Ā£ ¡ĒÒÝ ÿ Ĉ¤í¾³ ¹¾îöúÝ 
Table 1- Distribution of Mean and Standard Deviation of Motor performance and muscles 

¾Ċâ¤ù 

Variable 

Ăö³¾ù 
Phase 

 Ĉýÿ¾Ċz Ă«Ā£ 

External Focus 
 Ĉýÿ½¹ Ă«Ā£ 

Internal Focus 
 ó¾¤þí 

Control 

 äöñ Ăz¾Ñ 

Putting Golf 

ÈĊ~ ûĀù¿j 

Pre-test 
0.51 Ñ3.40 0.52 Ñ3.50 0.67 Ñ2.70 

~Ä ûĀù¿j 

Post-test 
0.42 Ñ4.80 0.42 Ñ3.80 0.52 Ñ3.50 

EMG  ºĊtĀ¤õ¹ ĂöÒÝ 

Deltoid Muscle EMG 

ÈĊ~ ûĀù¿j 

Pre-test 
0.87 Ñ34.90 0.94 Ñ34.70 0.87 Ñ35.10 

Ä~ ûĀù¿j 

Post-test 
0/78Ñ31.20 1.07 Ñ35.40 0.69 Ñ36.40 

EMG  Ĉæ¤í ¢´£ ĂöÒÝ 

Subscapularis muscle EMG 

ÈĊ~ ûĀù¿j 

Pre-test 
0.94 Ñ35.30 0.73 Ñ34.90 0.84 Ñ34.60 

Ä~ ûĀù¿j 

Post-test 
0.78 Ñ30.80 0.73 Ñ34.90 0.66 Ñ36.00 

EMG  ¹¾ñ āºþýv¹¾ñ ûÿ½¹ ĂöÒÝ 

Pronator teres muscle EMG 

ÈĊ~ ûĀù¿j 

Pre-test 
0.91 Ñ35.80 1.33 Ñ34.70 1.26 Ñ35.50 

Ä~ ûĀù¿j 

Post-test 
1.25 Ñ32.30 0.78 Ñ35.20 0.81 Ñ36.50 

 

ā¹v¹ ôĊö´£ ćv¾zćwă Äýwĉ½vÿ ôĊö´£ ûĀù¿j ¿v èĊê´£ ćwă¾Ċâ¤ù ¿v ìĉ ¾ă ćv¾z ĂÞõwÖù üĉv  yí¾ù ā¿vºýv wz ć½v¾î£ ć¾Ċñ ½¹

  ±¾Õ ìĉ$.    = āÿ¾ñ-  ā¿vºýv Ăö³¾ù  )ºÉ ā¹wæ¤Åv #ć¾Ċñ ~ĊÈ Ï¾å    Äĉ¾£wù ć¾zv¾z IûĀù¿j üĉv óÿv½vÿĀíĉÄýw  Ĉù  wz )ºÉwz

ĈþÞù ²ÖÅ ÷ºÝ Ăz Ă«Ā£$ Äíwz ûĀù¿j ć½v¹13+*+=äöñ Ăz¾ÑP   I./,*+=ºĊtĀ¤õ¹ ĂöÒÝP   I-.+*+=Ĉæ¤í ¢´£ ĂöÒÝP   I.,0*+=āºþýv¹¾ñ ûÿ½¹ ĂöÒÝ  ¹¾ñP  I#

  Äĉ¾£wù½vÿĀíĉÄýw  ā¹v¹Ĉù ¾zv¾z wă  )ºÉwz ~ĊÈÏ¾å  Ĉù yí¾ù û½wê£ ôÍv IûĀù¿j üĉv ÷ÿ¹ ¿v ôÍv üĉv ć½v¾é¾z ćv¾z )ºÉwz

wz )ºĉ¹¾ñ ā¹wæ¤Åv Ĉö·Āù ¢ĉÿ¾í ûĀù¿j Ă«Ā£ Ăz ĈþÞù ÷ºÝ½v¹ û¹Āz ûĀù¿j ¢ĉÿ¾í $ Ĉö·Āù203*+  äöñ Ăz¾Ñ=P  I-++*+  ºĊtĀ¤õ¹ ĂöÒÝ

P =  I.0+*+=Ĉæ¤í ¢´£ ĂöÒÝP  I-,3*+= ĂöÒÝ  ¹¾ñ āºþýv¹¾ñ ûÿ½¹PÌ·wÉ I#  ćwă)F(  ÓĀz¾ù  Ăz  ¾§v  Ç½vÀñ ¢ĉÿ½Āí Ï¾å  ºÉ)    Iüĉv ¾z āÿĒÝ
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Äýwĉ½vÿ ć¾zv¾z ćv¾z IĈăÿ¾ñ üĊz ¡v¾§v ĈÅ½¾z ¿v ÈĊ~  ¹v¹ ûwÊý ûĀù¿j üĉv ªĉw¤ý )ºĉ¹¾ñ ā¹wæ¤Åv üĉĀõ ûĀù¿j ¿v wÖ· ćwă

  ûĀù¿j ĂíF    ćv¾zăĊ®ĉì  ôùwÝ ¿vûÿ½¹ ćwăĈþÞù Ĉăÿ¾ñ$ ¢ÆĊý ½v¹.,+*+6ÈĊ~ ûĀù¿jP  I1/2*+6Ä~ûĀù¿jPĈù ûwÊý üĉv ÿ #  Ăí ºă¹

āÿ¾ñ üĊz ½¹ Äýwĉ½vÿ Ĉþòúă ĂÑÿ¾æù  )¢Åv ½v¾é¾z ôê¤Æù ¾Ċâ¤ù ćwă 
 

  óÿº«--  Ă¤åwĉā¿vºýv wz Äýwĉ½vÿ ôĊö´£ ûĀù¿j Ăz ÓĀz¾ù ćwă äöñ Ăz¾Ñ ćv¾z ć½v¾î£ ć¾Ċñ 
Table 2- Findings related to repeated measures analysis of variance test for putting golf  

¾Ċâ¤ù 

Variable 
¡v¾ĊĊâ£ Ü{þù 

changes Source 
MM df  MS F Sig Eta 

 äöñ Ăz¾Ñ 

Putting Golf 

 ô³v¾ù 

Phases 
10.41 1 10.41 27.98 0.001 0.509 

āÿ¾ñ 

Group 
10.03 2 5.01 29.12 0.001 0.683 

 āÿ¾ñ %  ô³v¾ù 

Pahse * Group 
3.03 2 1.51 4.07 0.028 0.232 

 

ûwúă½ĀÕ    óÿº« ½¹ Ăí-    āºăwÊùùĈ  ¹½v¹ ć½v¹wþÞù ¾Ċ§m£ äöñ ¡w~ ¡½wĄù Ĉ¤í¾³ ¹¾îöúÝ ¾z Ă«Ā£ ûĀýwí I¹ĀÉ$0+4*+ 6 
2η  I++,*+6sig  I43*-26F  #  ĈöùwÞ£ ¡v¾§v üĊþ°úă ÿ$-.-*+ 6  2η  I+-3 *+6sig  I+2*/6F  #  āÿ¾ñ üĊz ÿ ā¹Āz ½v¹wþÞù ÀĊý èĊê´£ ćwă

$13.*+6  2η  I++,*+ 6sig  I,-*-46F#  ¡ÿwæ£ āwòĉw« ĈÅ½¾z ćv¾z )¹½v¹ ¹Ā«ÿ ć½v¹wþÞù ¡ÿwæ£  Ĉýÿ¾æþz ć¹¾òĊ~ ûĀù¿j ìĉ ¿v wă

  ¾ĉ¿ ±¾É Ăz ªĉw¤ý Ăí ºÉ ā¹wæ¤ÅvÇ½vÀñāºÉ  āÿ¾ñ üĊz Ăí ¹v¹ ûwÊý Ĉýÿ¾æþz Ĉ{ĊêÞ£ ûĀù¿j ªĉw¤ý )¢Åv Ă«Ā£ ûĀýwí ćwă

$ Ĉýÿ½¹ wz Ĉýÿ¾Ċz++0*+ 6sig$ ó¾¤þí wz Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí I#++,*+ 6sig$ ó¾¤þí wz Ĉýÿ½¹ Ă«Ā£ ûĀýwí ÿ #++,*+ 6sig  ¡ÿwæ£ #

üĊòýwĊù Ăz Ă«Ā£ wz )¹½v¹ ¹Ā«ÿ ć½v¹wþÞù  ćwăĂz¢Å¹āºùj    óÿº« ½¹,    Ăz ¢{Æý v½ ć¾¤ÊĊz ¢ĉÀù Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí āÿ¾ñ

āÿ¾ñ )¹v¹ ûwÊý äöñ ¡w~ ¹¾îöúÝ ½¹ ¾òĉ¹ ćwă 
 

 óÿº«.( Ă¤åwĉā¿vºýv wz Äýwĉ½vÿ ôĊö´£ ûĀù¿j Ăz ÓĀz¾ù ćwă ćv¾z ć½v¾î£ ć¾ĊñEMG  ¡ĒÒÝ 
Table 2- Findings related to repeated measures analysis of variance test for Muscles EMG 

¾Ċâ¤ù 

Variable 
¡v¾ĊĊâ£ Ü{þù 

changes Source 
MM df  MS F Sig Eta 

 ºĊtĀ¤õ¹ ĂöÒÝ 

Deltoid Muscle 

 ô³v¾ù 

Phases 
4.18 1 4.18 6.79 0.015 0.201 

āÿ¾ñ 

Group 
47.53 2 37.26 52.54 0.001 0.796 

 āÿ¾ñ %  ô³v¾ù 

Pahse * Group 
78.53 2 39.26 45.79 0.001 0.772 

 Ĉæ¤í ¢´£ ĂöÒÝ 

Subscapularis muscle 

 ô³v¾ù 

Phases 
16.01 1 16.01 37.76 0.001 0.583 

āÿ¾ñ 

Group 
57.63 2 28.81 34.65 0.001 0.720 

 āÿ¾ñ %  ô³v¾ù 95.03 2 47.51 112.04 0.001 0.892 
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 óÿº«.( Ă¤åwĉā¿vºýv wz Äýwĉ½vÿ ôĊö´£ ûĀù¿j Ăz ÓĀz¾ù ćwă ćv¾z ć½v¾î£ ć¾ĊñEMG  ¡ĒÒÝ 
Table 2- Findings related to repeated measures analysis of variance test for Muscles EMG 

¾Ċâ¤ù 

Variable 
¡v¾ĊĊâ£ Ü{þù 

changes Source 
MM df  MS F Sig Eta 

Pahse * Group 

¹¾ñ āºþýv¹¾ñ ûÿ½¹ ĂöÒÝ 

Pronator teres muscle 

 ô³v¾ù 

Phases 
10.41 1 10.41 8.58 0.007 0.241 

āÿ¾ñ 

Group 
28.93 2 14.46 12.53 0.001 0.482 

 āÿ¾ñ %  ô³v¾ù 

Pahse * Group 
53.33 2 26.66 21.98 0.001 0.620 

 

ûwúă½ĀÕ  óÿº« ½¹ Ăí-  āºăwÊùùĈ ¾z Ă«Ā£ ûĀýwí I¹ĀÉEMG  ºĊtĀ¤õ¹ ĂöÒÝ   ¹½v¹ ć½v¹wþÞù ¾Ċ§m£$-+,*+6  2η I+,0*+6sig  I

24*16F  #  ĈöùwÞ£ ¡v¾§v üĊþ°úă ÿ$22-*+6  2η  I++,*+6sig  I24*/0 6F  #  āÿ¾ñ üĊz ÿ ā¹Āz ½v¹wþÞù ÀĊý  èĊê´£ ćwă$241*+ 6  2η  I

++,*+6sig  I0/*0- 6F#  ¡ÿwæ£ āwòĉw« ĈÅ½¾z ćv¾z )¹½v¹ ¹Ā«ÿ ć½v¹wþÞù ¡ÿwæ£  ºÉ ā¹wæ¤Åv Ĉýÿ¾æþz ć¹¾òĊ~ ûĀù¿j ìĉ ¿v wă

  ¾ĉ¿ ±¾É Ăz ªĉw¤ý Ăí Ç½vÀñāºÉ  āÿ¾ñ üĊz wĄþ£ Ăí ¹v¹ ûwÊý Ĉýÿ¾æþz Ĉ{ĊêÞ£ ûĀù¿j ªĉw¤ý ºĊtĀ¤õ¹ ĂöÒÝ ¹½Āù ½¹ )¢Åv  ćwă

$ Ĉýÿ½¹ wz Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí++,*+6sig$ ó¾¤þí wz Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí I#++,*+6sig Ăz Ă«Ā£ wz )¹½v¹ ¹Ā«ÿ ć½v¹wþÞù ¡ÿwæ£ #

üĊòýwĊù  ćwăĂz¢Å¹āºùj    óÿº« ½¹,  )¹v¹ ûwÊý ºĊtĀ¤õ¹ ĂöÒÝ ¢ĊõwÞå ½¹ v½ ć¾¤ÊĊz Èăwí Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí āÿ¾ñ    ªĉw¤ý

  óÿº« ¾òĉ¹-    ¾z Ă«Ā£ ûĀýwí IĂí ¹v¹ ûwÊýEMG   Ĉæ¤í ¢´£ ĂöÒÝ    ¹½v¹ ć½v¹wþÞù ¾Ċ§m£$03.*+6  2η  I++,*+6sig  I21*.2 6F  #

 ĈöùwÞ£ ¡v¾§v üĊþ°úă ÿ$34-*+6  2η I++,*+ 6sig I+/*,,- 6F # āÿ¾ñ üĊz ÿ ā¹Āz ½v¹wþÞù ÀĊý èĊê´£ ćwă$2-+*+6 2η I++,*+6sig  I

10*./6F#  ¡ÿwæ£ āwòĉw« ĈÅ½¾z ćv¾z )¹½v¹ ¹Ā«ÿ ć½v¹wþÞù ¡ÿwæ£  Ăz ªĉw¤ý Ăí ºÉ ā¹wæ¤Åv Ĉýÿ¾æþz ć¹¾òĊ~ ûĀù¿j ìĉ ¿v wă

  ¾ĉ¿ ±¾É Ç½vÀñāºÉ  āÿ¾ñ üĊz wĄþ£ Ăí ¹v¹ ûwÊý Ĉýÿ¾æþz Ĉ{ĊêÞ£ ûĀù¿j ªĉw¤ý Ĉæ¤í ¢´£ ĂöÒÝ ¹½Āù ½¹ )¢Åv  ûĀýwí ćwă

$ Ĉýÿ½¹ wz Ĉýÿ¾Ċz Ă«Ā£++,*+ 6sig$ ó¾¤þí wz Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí I#++,*+6sigüĊòýwĊù Ăz Ă«Ā£ wz )¹½v¹ ¹Ā«ÿ ć½v¹wþÞù ¡ÿwæ£ #(

ă  ćwĂz¢Å¹ āºùj    óÿº« ½¹, )¹v¹ ûwÊý Ĉæ¤í ¢´£ ĂöÒÝ ¢ĊõwÞå ½¹ v½ ć¾¤ÊĊz Èăwí Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí āÿ¾ñ    ¾òĉ¹ ªĉw¤ý

ÿº«  ó-    ¾z Ă«Ā£ ûĀýwí IĂí ¹v¹ ûwÊýEMG  ¹¾ñ āºþýv¹¾ñ ûÿ½¹ ĂöÒÝ    ¹½v¹ ć½v¹wþÞù ¾Ċ§m£$/3-*+ 6  2η  I++,*+ 6sig  I0.*,- 6F  #

  ĈöùwÞ£ ¡v¾§v üĊþ°úă ÿ$1-+*+6  2η  I++,*+ 6sig  I43 *-,6F  #   āÿ¾ñ üĊz ÿ ā¹Āz ½v¹wþÞù ÀĊý  èĊê´£ ćwă$2-+*+6  2η  I++,*+6sig  I

10*./6F#  ¡ÿwæ£ āwòĉw« ĈÅ½¾z ćv¾z )¹½v¹ ¹Ā«ÿ ć½v¹wþÞù ¡ÿwæ£  Ăz ªĉw¤ý Ăí ºÉ ā¹wæ¤Åv Ĉýÿ¾æþz ć¹¾òĊ~ ûĀù¿j ìĉ ¿v wă

  ¾ĉ¿ ±¾É Ç½vÀñāºÉ  āÿ¾ñ üĊz wĄþ£ Ăí ¹v¹ ûwÊý Ĉýÿ¾æþz Ĉ{ĊêÞ£ ûĀù¿j ªĉw¤ý Ĉæ¤í ¢´£ ĂöÒÝ ¹½Āù ½¹ )¢Åv  ûĀýwí ćwă

$ Ĉýÿ½¹ wz Ĉýÿ¾Ċz Ă«Ā£++,*+ 6sig  ûĀýwí I#$ ó¾¤þí wz Ĉýÿ¾Ċz Ă«Ā£++,*+6sigüĊòýwĊù Ăz Ă«Ā£ wz )¹½v¹ ¹Ā«ÿ ć½v¹wþÞù ¡ÿwæ£ #(

ă ćwĂz¢Å¹āºùj  óÿº« ½¹,  ĂöÒÝ ¢ĊõwÞå ½¹ v½ ć¾¤ÊĊz Èăwí Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí āÿ¾ñ¹¾ñ āºþýv¹¾ñ ûÿ½¹ )¹v¹ ûwÊý   ½¹

  ¢é¹ ÈĉvÀåv ¾z øă Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí ćÂ£v¾¤Åv ìĉ Ăí ¹v¹ ûwÊý yÎÝ ćÁĀõĀĉÀĊå ÿ ć½w¤å½ ā¿Ā³ ½¹ èĊê´£ üĉv ªĉw¤ý ôí

  ¢ĊõwÞå Èăwí ÿ äöñ ¡w~ ¹¾îöúÝEMG  )¹½v¹ ć¾¤ÊĊz ¾Ċ§m£ ¾ăwù ¹v¾åv ½¹ ¡ĒÒÝ    ¾¤Ąz Èĉwúý ćv¾z üĊþ°úăā¹v¹wă  ć

 È¸z ½¹ èĊê´£EMG   ½v¹Āúý-  Ătv½vāºÉ )¢Åv 
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 ôîÉ-( āÿ¾ñ ÿ ô³v¾ù ½¹ ¡ĒÒÝ ¢ĊõwÞå üĊòýwĊù äö¤¸ù ćwă 

Figure 2- Means of muscle activity in different Phases and groups 

 

 ÿ ¦´z Ă¬Ċ¤ýć¾Ċñ 
 ôúÞõv½Ā¤Å¹ ¾Ċ§m£ ĈÅ½¾z ¾Ñw³ èĊê´£ ¿v ãºă  ćĀòõv ¡v¾ĊĊâ£ ÿ äöñ ¡w~ ¹¾îöúÝ ¢é¹ ¾z Ă«Ā£ ûĀýwí ćwăEMG    ĈýĒÒÝ
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 Ĉù ć¾ĊñĀö«)ºþí āÿ¾ñ Iôzwêù ½¹ ¢Ċå¾Ù ¿v ü¤å½ ¾£v¾å wĉ ûºÉ ìĉ¹Àý ćv¾z ć¾¤ÊĊz ¾Ö· Ï¾Þù ½¹ Ĉýÿ½¹ ûĀýwí ćwă  ćwă

£)ºþ¤Æă ¹Ā· Ă«Ā ¤ý½¹ĊĂ¬  )¢Åv Ã¾¤Å¹ ½¹ äĊöî£ ÷w¬ýv ćv¾z ć¾¤úí Üzwþù ¿v  vĉ üÿ½ Ăí ĈýwÆí wz ĂÆĉwêù ½¹ ¹¾îöúÝ I

 yĊÅj Iºý½v¹ Ă«Ā£ Ĉýÿ¾Ċz ûĀýwíùĈzĊºþ ) 

Ă¤åwĉ Ić¹¾z½wí ¾Úþù ¿v)ºý½v¹ v½ û¹¾í Ă¤Æ«¾z Ç¿½v Ăí ā¹Āz wăºùwĊ~ ć¹vºÞ£ ćv½v¹ ¾Ñw³ ćwă   äöñ ûwĊz¾ù Ăîþĉv Ăz Ă«Ā£ wz

ĂzóĀúÞù½ĀÕ   ôúÞõv½Ā¤Å¹  Ătv½v v½ ĈĉwăùĈ ºþă¹  Ăz ĂíĈù ©v¾¸¤Åv Ĉýÿ½¹ Ă«Ā£ āwñºĉ¹ ¿v ¡ºÉĈù ĂĊÍĀ£ I¹ĀÉ  ûwĊz¾ù ¹ĀÉ
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āĀĊÉ Ĉæþù ¾Ċ§m£ ¹½Āù ½¹ v½J¹¾í āwñj Ç¿Āùj ÷wòþă ¹¾îöúÝ ¾z Ĉýÿ½¹ Ă«Ā£ ¾z Ĉþ¤{ù ĈÉ¿Āùj ćwă Ăz  Ăí ôĊõ¹ üĉv Ăz āÂĉÿ

 Ăz Ç¿Āùj ÿ ¹½Ā·¿wzĂ¤åwĉ Iüĉv ¾z āÿĒÝ )¹½v¹ ć¾¤úí ¾§v Ç¿Āùj ÷ºÝ ¿v yöáv Ĉýÿ½¹ Ă«Ā£ ¡½ĀÍ  ¡wêĊê´£ ¿v ôÍw³ ćwă

Ĉù ûwÊý IĈöÞåĂz ¹½v¹ ûwîùv Ăí Ĉĉw« w£ v½ ¹Ā· Ă«Ā£ w£ ºþþí èĉĀÊ£ v½ ¾ăwù ¹v¾åv ºĉwz ûwĊz¾ù Ăí ºă¹  Àí¾ú¤ù Ĉýÿ¾Ċz ¡½ĀÍ

)ºþþí  Ăz ĂĊÍĀ£ üĉvÔĊ´ù ½¹ Ăí ć¾ăwù ûv¿wz äöñ ćv¾z āÂĉÿ ā¹Āz ï½Àz ¢ÆîÉ yévĀÝ ûj ½¹ ÿ Ă¤Év¹ ¢í½wÊù Ĉ¤zwé½ ćwă

ù Ĉêö£ øĄù ½wĊÆz I¢Åv ªĉv½ MđĀúÞù ÀĊý āºÉ ºĉºÊ£ Ĉ¤·wþÉ xv¾ÖÑv ÿĈ$ ¹ĀÉ/0)#  Ă¤åwĉ Ić½w¤å½ È¸z ªĉw¤ý ¿v ćvº«  ćwă

  ½¹ ć¾¤ÊĊz ¢ĊõwÞå Èăwí Ăz ¾¬þù Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí Ăí ¹v¹ ûwÊý ÀĊý ĈîĉÁĀõĀĉÀĊåÿ½Āý È¸z ½¹ wùEMG    IºĊtĀ¤õ¹ ¡ĒÒÝ

āÿ¾ñ Ăz ¢{Æý ¹¾ñ āºþýv¹¾ñ ûÿ½¹ ĂöÒÝ ÿ Ĉæ¤í ¢´£)ºÉ ¾òĉ¹ ćwă  ¹w¬ĉv Èăwí   Ĉýÿ¾Ċz Ă«Ā£ āÿ¾ñ ¡ĒÒÝ ²ÖÅ ½¹ āºÉ

ûwÊýûvÿ½ IĈýĒÒÝ ćºùj½wí āºþă¹āÿ¾ñ Ăz ¢{Æý ĈýĒÒÝ üĊz Ĉòþăwúă ÿ ¢í¾³ ûºÉ ¾£Ĉù ¾òĉ¹ ćwă  Iw¤Åv½ üĉv ½¹ )ºÉwz

ûv½wîúă ÿ Äýÿ, $-++/ĂéĒÝ I#  ĈýĒÒÝ Ĉ{ÎÝ ²ÖÅ ½¹ Ĉýÿ¾Ċz ÿ Ĉýÿ½¹ ĈĄ«Ā£ äö¤¸ù Ôĉv¾É ûwĊù ¡ÿwæ£ ĈÅ½¾z Ăz ºþù

¢í¾É )ºý¹Āz  wz v½ ¾¤õwă wz ÿ¿wz Āö« ¢í¾³ ûwñºþþí0+   Ĉù ÷w¬ýv ĂþĊÊĊz ¡½ºé ¾¨ívº³ ºÍ½¹  ½vÀzv ¿v üĊêê´ù )ºý¹v¹

¹Āúý ā¹wæ¤Åv ĈýĒÒÝ ¢ĊõwÞå ûvÀĊù È¬þÅ ćv¾z Ĉåv¾ñĀĊùÿ¾¤îõv¢í¾É Ĉùwú£ )ºý  ¢Å ÿ¹ ûwñºþþí,+    Ĉõw³ ½¹ v½ ĈÊÉĀí

 Ĉù ÷w¬ýv¢Å¹ ¾z ûwÊĄ«Ā£ Ăí ºý¹v¹  ¢ĊõwÞå Ĉåv¾ñĀĊùÿ¾¤îõv ½vÀzv )¹Āz Àí¾ú¤ù #Ĉýÿ¾Ċz Ă«Ā£$ ¾¤õwă wĉ ÿ #Ĉýÿ½¹ Ă«Ā£$ ûwÊĉwă

  ½¹ Ăí ¹v¹ ûwÊý ªĉw¤ý )¹¾í ¢{§ äõw¸ù ÿ èåvĀù ¡ĒÒÝ ½¹ v½ Ĉĉÿ¿wz ¾Å ĂÅ ÿ ¾Åÿ¹ ¡ĒÒÝ ĈýĒÒÝÈÉĀí óĀÕ  IĂĊõÿv ćwă

$ ¹v¹ Èăwí v½ ¾Å ĂÅ ÿ ¾Åÿ¹ ¡ĒÒÝ ĈýĒÒÝ ¢ĊõwÞå Ĉýÿ½¹ Ă«Ā£ ûĀýwí Ăz ¢{Æý Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí Ôĉv¾É,3Ĉĉw¬ýj¿v )# Ăí

Ăý¿ÿĂ¤å¾ñ ½wîz ćwăĂ¬Ċ¤ý üĊæõĀù I¹Āz ¾zv¾z Ĉýÿ¾Ċz ÿ Ĉýÿ½¹ Ă«Ā£ Ôĉv¾É ÿ¹ ¾ă ½¹ IāºÉ  ¾¬þù Ĉýÿ¾Ċz Ă«Ā£ Ăí ºý¹¾í ć¾Ċñ

ÈĉvÀåv Ăz  Ă¤åwĉ üĉv )āºĉ¹¾ñ ¡ĒÒÝ üĊz ºùj½wí Ĉòþăwúă ÿ Ĉ¤í¾³ ćwăº³vÿ ĈývĀ·v¾å  ĈýĒÒÝ ¢ĊõwÞå Èăwí ôĊõ¹ Ăz wă

¢{§  ÿ ¢ýw¯½wù ¾ĊÚý IüĊêê´ù ¾ĉwÅ )¢Åv āºĉ¹¾ñ ôÍw³ Ĉĉÿ¿wz ¾Å ĂÅ ÿ ¾Åÿ¹ ¡ĒÒÝ Ĉåv¾ñĀĊùÿ¾¤îõv ½vÀzv ÔÅĀ£ āºÉ

$ ûv½wîúă-++4$ ûv½wîúă ÿ ć¾¯v¿ ÿ #-++0Ă¬Ċ¤ý üĉv ¿v I#$ ºý¹¾í ¢ĉwú³ ć¾Ċñ,0  I.4 ¾¤úí Ĉýÿ½¹ ć¾ĉ¼~¾ĊĊâ£ Ä~ )#

äöñ¾É Àí¾ú£ ôĊõ¹ Ăz ÀĊý ¾Ñw³ èĊê´£ ½¹ ¾ăwù ûv¿wz¢í )¢Åv ĂĊ«Ā£ ôzwé Ĉýÿ¾Ċz Ă«Ā£ ¹¾{ăv½ xw¸¤ýv ÿ ãºă Ăz ûwñºþþí 

Ă¤åwĉ Iüĉv¾zwþz$ ćºĊÊú« ÿ ć¹wzwÊ~ ¡wêĊê´£ ªĉw¤ý ¿v ¾Ñw³ èĊê´£ ćwă-+-,$ ûv½wîúă ÿ Äýÿ I#-++/  ûv½wîúă ÿ ć¾¯v¿ I#

$-++0$ ûv½wîúă ÿ äõÿ I#-+,+$ ûv½wîúă ÿ ĂÆĄõ ÿ #-+,+  ĈýĒÒÝ ¢ĊõwÞå Èăwí ¹½Āù ½¹ #ĂzĂÖÅvÿ   Ă«Ā£ ûĀýwí āÿ¾ñ

 Ĉýw{Ċ¤Ê~ Ĉýÿ¾ĊzùĈ ºþí $,0 I,2 I-+ I-, I.4 Ĉö{é ¡wÞõwÖù )#÷w¬ýv āºÉ  v½ ĈýĒÒÝ ¢ĊõwÞå Èăwí IĂþĊù¿ üĉv ½¹Ăz ûvĀþÝ 

  ÿ ¾¤Ąz ćºùj½wí¹wÎ¤évć¾£  ¢í¾³½¹  $,3  I.4  ¾Úý ½¹ ¢í¾³ ¹w¬ĉv ½¹ ĈýĒÒÝ Ĉ{ÎÝ Ĉĉv½wí ¹Ā{Ąz üĊþ°úă ÿ I#Ă¤å¾ñºýv  

$-,Ĉù ûwÊý ªĉw¤ý üĉv )#wÞå ½¹ v½ ć¾¤Ąz Ĉĉv½wí IäĊöî£ Ă¬Ċ¤ý ¾z Àí¾ú£ Ăí ºă¹  øăv¾å äĊöî£ ûwúă ĈýĒÒÝ ¢ĊõùĈºþí) 

Ăí ¢Åv ĈþÞù üĉv Ăz ćÀĊ¯ üĊþ¯ Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí ôúÞõv½Ā¤Å¹ Ĉù ¹w¬ĉv Ĉ¤í¾³Ăz ¢{Æý ć¾¤úí ćÁ¾ýv Ăí ºþí 

 Ĉýÿ½¹ Ă«Ā£ ûĀýwí ôúÞõv½Ā¤Å¹ Ĉù ã¾Îù$ ºþí,4  I-+ĈtÀ« ¢ĊõwÞå I¾Ñw³ ĂÞõwÖù ½¹ üĊþ°úă )# EMG   IºĊtĀ¤õ¹ ĂöÒÝ ĂÅ

 Ĉæ¤í ¢´£ ÿ ¹¾ñ āºþýv¹¾ñ ûÿ½¹ wz äöñ Ăz¾Ñ ÷wòþă ½¹ Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí Ĉùāºĉv üĊþ¯ ºývĀ£Ă¤åwĉ )ºþí ºĊtw£ v½ ćv  ćwă

  ôúÝ ĂĊÑ¾å ¿v È¸z üĉv ½¹ üĊþ°úăāºÉ¹ÿº´ù  $,1  I,3ôúÝ ¹Ā· ¾z Àí¾ú£ IĂĊÑ¾å üĉv ÃwÅv ¾z )ºý¹¾í Ĉýw{Ċ¤Ê~ ÀĊý #   

Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí ćÂ£v¾¤Åv û¹¾z ½wí Ăz wĉ Āå ôùvĀÝĈù ¡ĒÒÝ ¢ĊõwÞå ½¹ ÀĉĀý ºĊõĀ£ Ăz ¾¬þù ÿ ā¹¾í ¹ÿº´ù v½ ç)¹ĀÉ   üĉv

ÈĉvÀåv EMG $ ¢Åv Ĉýÿ½¹ Ă«Ā£ ûĀýwí üĊ³ ½¹ Ĉĉv½wí Èăwí ÿ ĈýĒÒÝ Ĉ¤¸Å ¢ĉĀê£ āvĀñ-, )# 

 
1. Vance et al 
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ôúÞõv½Ā¤Å¹ Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí Ĉù üĊĊÞ£ äĊöî£ ½¹ ¾Ċñ½¹ ¡ĒÒÝ ĂþĊĄz ćĀòõv wz ºývĀ£  āv¾úă #¡ĒÒÝ üĊz Ĉòþăwúă$ āºÉ

  Ăí #ĂöÒÝ ìĉ ½¹ Ĉ¤í¾³ º³vÿ x¼« ćĀòõv$ ā¹v¹ ÈĉvÀåv v½ ¡ĒÒÝ ûÿ½¹ Ĉòþăwúă ¾òĉ¹ Ă{þ« ¿v ÿ ºÉwz¤ý½¹ĊĂ¬   Ĉ¤æÅ

Ĉù Èăwí v½ ĂöÒÝ$ ºă¹-+  I-,  Ăí Ëw· Ă¬Ċ¤ý ìĉ ôĊúî£ ½¹ ¾£đwz ćÁ¾ýv Ĉĉv½wí wz ¾¤Ąz ¹¾îöúÝ )#ĂzûvĀþÝ    äĊöî£ ãºă

äĉ¾Þ£Ĉù I¢Åv āºÉĂz ºývĀ£ ôúÞõv½Ā¤Å¹ ĈÊ¸z¾§v ĂÖÅvÿ ćv¾z Ĉ¤í¾³ º³vÿ ĈývĀ·v¾å Ĉĉv½wí ¹Ā{Ąz Iüĉv¾zwþz IºÉwz Ă«Ā£ ćwă

)¢Åv ºĊæù Ĉ¤í¾³ äĊõwî£ ¾¨ív Ăzñ½wíĊ¾  ½¹$ ĂöÒÝ ìĉ ½¹ ĈýĒÒÝ ćwă¾{Ċå ¾§où ć  ÈĉvÀåv ÿ I#ĈýĒÒÝ ûÿ½¹ Ĉòþăwúă

āÿ¾ñ üĊz Ĉòþăwúă)¢Åv ºĊæù äĊöî£ ÷w¬ýv ½¹ ĈýĒÒÝ ćwă ûjĈù ¹w¬ĉv v½ ćºĊæù ôtwÆù wăIºþþí   ºþýwùõĀ£Ċº    yÅwþù ćÿ¾Ċý

  Iüĉv ¾z āÿĒÝ )¢Å½¹ ¢Ą« ½¹ ÿ yÅwþù ûwù¿ ½¹ #÷ÿÀõ ¡½ĀÍ ½¹ I¾¨ívº³$õwÞåĊ¢wă  ¿v ºĉwz ºý½v¹ ¢ùwê¤Åv Ăz ¿wĊý Ăí Ĉĉ

  ćv¾z ĂþĊĄz ÿ ¾¤úí ĈýĒÒÝ Ĉ{ÎÝ ¢ĊõwÞå«ÿ¾·Ĉwă  Ëw· ćā¾Ązºþù  )ºýĀÉ   ¦Ýwz üĉvĂå¾ÍĀ«  ²ÖÅ Øæ³ wĉ ćÁ¾ýv ½¹ Ĉĉ

  ¡ºù ćv¾z ¢ĊõwÞå Ì¸ÊùýđĀÕĈ¾£  Ĉù$ ¹ĀÉ,0  ¾z Àí¾ú£ Ăí ¢Åv üĉv ¾z ¹wê¤Ýv Iüĉv¾zwþz )# «ÿ¾·Ĉwă  IxĀöÖù Ĉ¤í¾³ ć

¦Ýwz  ìĉ ¹w¬ĉv Ĉ{ÎÝ ćĀòõv(Ĉù ¹¾å ½¹ ûvÿ½ ¢í¾³ ºĊõĀ£ ¢Ą« ĂþĊĄz ĈýĒÒÝ$ ¹ĀÉ/1  )# 

  ¢ĊõwÞå ½¹ Èăwí ÿ äöñ Ăz¾Ñ ¢é¹ ½¹ ÈĉvÀåv Iüĉv¾zwþzEMG  Ă¤åwĉ wz ¾Ñw³ èĊê´£ ½¹$ ûv½wîúă ÿ ć¾¯v¿ ćwă-++0 I#

$ ûv½wîúă ÿ ĂÆĄõ-+,+$ ûv½wîúă ÿ äõÿ ÿ #-+,+Ĉù ĂzwÊù #$ ºÉwz,3  I-+  I-,Ĉ¤í¾³ ø¤ÆĊÅ ½¹ ÀĉĀý ÈĉvÀåv )# $EMG 

#¾£đwz  ôĊõ¹ Ăz Ĉù ¢í¾³ èĊé¹ ó¾¤þí ¿v Üýwù Ĉýÿ½¹ Ă«Ā£ ûĀýwí ûwþĊúÕv ¢Ċözwé ÿ ¹ĀÉ«ÿ¾·Ĉ wăĈù Èăwí v½ ûj ć  ºă¹

$,3  ¢í¾³ ¾§où ćĀòõv )#¤ý½¹ĊĂ¬ Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí   ÿ ¢é¹ ÈĉvÀåv ¦Ýwz ½¹  wĄýĉ ¢  Ĉù ¢í¾³ ºùwĊ~ ¹Ā{Ąz$ ¹ĀÉ-,  I-1  I

-2 I-4)# ûjĈù ā½wÉv wă½¹ Ăí ºþþí Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí  ĈýĒÒÝ Ĉ{ÎÝ ¢ĊõwÞåÈăwíĉĂ¤åw Ăz Ĉ¤í¾³ º³vÿ ĈývĀ·v¾å ÿ ½ĀÕ

 Ì¸ÊùĈù µ½ ć¾£»w¸£v I¡wĊz¹v Ăz Ă«Ā£ wz )ºă¹ Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí Ĉù  äĊöî£ óĀÕ ½¹ v½ ĈýĒÒÝ ĂþĊĄz ¡wúĊÚþ£ ºývĀ£

Ĉù #Ĉýÿ½¹ Ă«Ā£ ûĀýwí$ ¢í¾³ ¹Ā· ćÿ½ ¾z Àí¾ú£ I¾òĉ¹ ćĀÅ ¿v )ºþí ôĊĄÆ£ ¢í¾³ ¡v¾§v Øæ³ ćv¾z ÃĀîÞù ¡v¾§v ºývĀ£

 IºÉwz Ă¤Év¹ĂzûvĀþÝów¨ù $ ¢í¾³ ºùwĊ~ ¢úĊé Ăz ĈýĒÒÝ Ĉ¤æÅ ÈĉvÀåv,2 I/2 )#  ā¿Ā³ ÿ¹ ¾ă ½¹ èĊê´£ üĉv ªĉw¤ý Iôí ½¹

 í āÿ¾ñ Ăz ¢{Æý ć¾¤ÊĊz ¡v¾§v Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí ôúÞõv½Ā¤Å¹ Ăí ¹v¹ ûwÊý ĈîĉÁĀõĀĉÀĊåÿ½Āý ÿ ć½w¤å½  ÿ Ĉýÿ½¹ Ă«Ā£ ûĀýw

Ĉù ó¾¤þí)¹ĀÉ  Ă¤åwĉwĉ ¿v ĈîĉÁĀõĀĉÀĊåÿ½Āý ćwăĂ¤åĈù ¢ĉwú³ èĊê´£ üĉv ½¹ ć½w¤å½ ćwă ÿ ûv¾òýwù½¹ IûwĊz¾ù Iüĉv¾zwþz )ºþí

Ĉù Ă«Ā£ Àí¾ú£ ½¹ ¾ĊĊâ£ Ăí ºþývºz ºĉwz ûwîÉÀ~)¹½v¼òz ¾Ċ§m£ ĈîĉÁĀõĀĉÀĊåÿ½Āý ÿ ć½w¤å½ ²ÖÅ ÿ¹ ¾ă ½¹ ºývĀ£ ów³ ¾ă Ăz  I

 ûj  ºĉwz wăÂ£v¾¤Åv ćwăĂz Àí¾ú£ Øæ³ ć)ºþă¹ ĂÞÅĀ£ v½ Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí ¡½ĀÍ  ôí ½¹  ĂĊÍĀ£ ûwĊz¾ù Ăz wù IùĈþíĊø    ÷wòþă

 ôúÞõv½Ā¤Å¹ Ătv½vĈù ¢ĉvºă v½ Ă«Ā£ Àí¾ú£ Ăí Ĉĉwă¹½Ā·¿wz ÿ wăĂ¤åwĉ )ºý¾{z ā¾Ąz Ĉýÿ¾Ċz Ă«Ā£ ûĀýwí Ôĉv¾É ¿v Iºþþí  ćwă

¾Ñw³ èĊê´£    ÿ ¾ăwù ¹v¾åv ćv¾z ÔêåĂz¾¬£wz    äöñ Ç¿½ÿ ½¹ôzwéā¹wæ¤Åv  )¢Åv   ºĉwz ±ĀÖÅ ¾ĉwÅ ćv¾zwz  ³v¤ĊÓw   Ăz Ă«Ā£ wz ÿ

)¢·v¹¾~ ÛĀÑĀù üĉv Ăz ¡wÞõwÖù ¾ĉwÅ ªĉw¤ý  
 

Üzwþù 

1. Anderson DI, Magill RA. Motor learning and control: concepts and applications  (12ed). McGraw-Hill; 

2021. 

2. Wulf G, Lewthwaite R. Optimizing performance through intrinsic motivation and attention for learning: 

The OPTIMAL theory of motor learning. Psychonomic bulletin & review. 2016 Oct; 23:1382-414. 

3. Badami R, VaezMousavi M, Wulf G, Namazizadeh M. Feedback about more accurate versus less accurate 

trials: Differential effects on self-confidence and activation. Research quarterly for exercise and sport. 2012 

Jun 1; 83(2):196-203. 

https://www.amazon.com/Motor-Learning-Control-Concepts-Applications/dp/1259823997
https://www.amazon.com/Motor-Learning-Control-Concepts-Applications/dp/1259823997
https://pubmed.ncbi.nlm.nih.gov/26833314/
https://pubmed.ncbi.nlm.nih.gov/26833314/
https://www.tandfonline.com/doi/abs/10.1080/02701367.2012.10599850
https://www.tandfonline.com/doi/abs/10.1080/02701367.2012.10599850
https://www.tandfonline.com/doi/abs/10.1080/02701367.2012.10599850


§m£Ċ¾ ôúÞõv½Ā¤Å¹ćwă ºùj½wí ¾z Ă«Ā£ ûĀýwíć ýĒÒÝĈ ¹¾îöúÝ ÿ                   )))                                                                            77 

 ĂùwþöÎåĈ¤í¾³ ½w¤å½ I ûw¤Æù¿,/+- ā½ÿ¹ I,0 I ā½wúÉ 0/  

4. Badami R, VaezMousavi M, Wulf G, Namazizadeh M. Feedback after good versus poor trials affects 

intrinsic motivation. Research quarterly for exercise and sport. 2011 Jun 1; 82(2):360-4. 

5. Chiviacowsky S, Wulf G, de Medeiros FL, Kaefer A, Tani G. Learning benefits of self-controlled 

knowledge of results in 10-year-old children. Research quarterly for exercise and sport. 2008 Sep 1; 

79(3):405-10. 

6. Chiviacowsky S, Wulf G, Lewthwaite R. Self-controlled learning: the importance of protecting perceptions 

of competence. Frontiers in psychology. 2012 Nov 2; 3:458. 

7. Ghorbani S. Motivational effects of enhancing expectancies and autonomy for motor learning: An 

examination of the OPTIMAL theory. The Journal of general psychology. 2019 Jan 2; 146(1):79-92. 

8. Hadler R, Chiviacowsky S, Wulf G, Schild JF. Children's learning of tennis skills is facilitated by external 

focus instructions. Motriz: Revista de Educação Física. 2014 Oct; 20:418-22. 

9. Lewthwaite R, Chiviacowsky S, Drews R, Wulf G. Choose to move: The motivational impact of autonomy 

support on motor learning. Psychonomic bulletin & review. 2015 Oct; 22:1383-8. 

10. Wulf G, Chiviacowsky S, Cardozo PL. Additive benefits of autonomy support and enhanced expectancies 

for motor learning. Human movement science. 2014 Oct 1; 37:12-20. 

11. Wulf G, Lewthwaite R. Optimizing performance through intrinsic motivation and attention for learning: 

The OPTIMAL theory of motor learning. Psychonomic bulletin & review. 2016 Oct; 23:1382-414. 

12. Wulf G, Lewthwaite R, Cardozo P, Chiviacowsky S. Triple play: Additive contributions of enhanced 

expectancies, autonomy support, and external attentional focus to motor learning. Quarterly Journal of 

Experimental Psychology. 2018 Apr; 71(4):824-31. 

13. Ziv G, Ochayon M, Lidor R. Enhanced or diminished expectancies in golf putting–Which actually affects 

performance?. Psychology of Sport and Exercise. 2019 Jan 1; 40:82-6. 

14. Wulf G, Prinz W. Directing attention to movement effects enhances learning: A review. Psychonomic 

bulletin & review. 2001 Dec; 8(4):648-60. 

15. Zachry T, Wulf G, Mercer J, Bezodis N. Increased movement accuracy and reduced EMG activity as the 

result of adopting an external focus of attention. Brain research bulletin. 2005 Oct 30; 67(4):304-9. 

16. Wulf G, Su J. An external focus of attention enhances golf shot accuracy in beginners and experts. Research 

quarterly for exercise and sport. 2007 Sep 1; 78(4):384-9. 

17. Pashabadi A, Jamshidi A. The Neurophysiological Effect of Attentional Focus as a Function of Expertise 

in Postural Task. International Journal of Motor Control and Learning. 2021 Nov 10; 3(4):36-45. 

18. Vance J, Wulf G, Töllner T, McNevin N, Mercer J. EMG activity as a function of the performer's focus of 

attention. Journal of motor behavior. 2004 Nov 1; 36(4):450-9. 

19. Wulf G, Dufek JS, Lozano L, Pettigrew C. Increased jump height and reduced EMG activity with an 

external focus. Human movement science. 2010 Jun 1; 29(3):440-8. 

20. Marchant DC, Clough PJ, Crawshaw M. The effects of attentional focusing strategies on novice dart 

throwing performance and their task experiences. International Journal of Sport and Exercise Psychology. 

2007 Jan 1; 5(3):291-303. 

21. Ashraf R, Aghdasi MT, Sayyah M. The effect of attentional focus strategies on children performance and 

their EMG activities in maximum a force production task. Turkish Journal of Kinesiology. 2017; 3(2):26-

30. 

22. Ay AN, Dolukan YB, Yıldız MZ. The effect of attentional focus conditions on performer’s EMG activity. 
Academic Perspective Procedia. 2018 Nov 9; 1(1):240-7. 

23. Couvillion KF, Fairbrother JT. Expert and novice performers respond differently to attentional focus cues 

for speed jump roping. Frontiers in Psychology. 2018 Nov 29; 9:2370. 

24. Halperin I, Chapman DW, Martin DT, Abbiss C. The effects of attentional focus instructions on punching 

velocity and impact forces among trained combat athletes. Journal of sports sciences. 2017 Mar 4; 

35(5):500-7. 

25. Porter JM, Sims B. Altering focus of attention influences elite athletes sprinting performance. International 

Journal of Coaching Science. 2013 Jul 1; 7(2). 

https://www.researchgate.net/publication/321010536_Feedback_After_Good_Versus_Poor_Trials_Affects_Intrinsic_Motivation
https://www.researchgate.net/publication/321010536_Feedback_After_Good_Versus_Poor_Trials_Affects_Intrinsic_Motivation
https://pubmed.ncbi.nlm.nih.gov/18816953/
https://pubmed.ncbi.nlm.nih.gov/18816953/
https://pubmed.ncbi.nlm.nih.gov/18816953/
https://pubmed.ncbi.nlm.nih.gov/23130006/
https://pubmed.ncbi.nlm.nih.gov/23130006/
https://journals.sagepub.com/doi/full/10.1177/0031512519892390
https://journals.sagepub.com/doi/full/10.1177/0031512519892390
https://www.researchgate.net/publication/269096224_Children%27s_learning_of_tennis_skills_is_facilitated_by_external_focus_instructions
https://www.researchgate.net/publication/269096224_Children%27s_learning_of_tennis_skills_is_facilitated_by_external_focus_instructions
https://pubmed.ncbi.nlm.nih.gov/25732095/
https://pubmed.ncbi.nlm.nih.gov/25732095/
https://www.sciencedirect.com/science/article/abs/pii/S0167945714000979
https://www.sciencedirect.com/science/article/abs/pii/S0167945714000979
https://pubmed.ncbi.nlm.nih.gov/26833314/
https://pubmed.ncbi.nlm.nih.gov/26833314/
https://pubmed.ncbi.nlm.nih.gov/28056637/
https://pubmed.ncbi.nlm.nih.gov/28056637/
https://pubmed.ncbi.nlm.nih.gov/28056637/
https://www.sciencedirect.com/science/article/abs/pii/S1469029218301894
https://www.sciencedirect.com/science/article/abs/pii/S1469029218301894
https://link.springer.com/article/10.3758/BF03196201
https://link.springer.com/article/10.3758/BF03196201
https://pubmed.ncbi.nlm.nih.gov/16182938/
https://pubmed.ncbi.nlm.nih.gov/16182938/
https://pubmed.ncbi.nlm.nih.gov/17941543/
https://pubmed.ncbi.nlm.nih.gov/17941543/
https://ijmcl.com/browse.php?a_id=109&sid=1&slc_lang=fa
https://ijmcl.com/browse.php?a_id=109&sid=1&slc_lang=fa
https://pubmed.ncbi.nlm.nih.gov/15695233/
https://pubmed.ncbi.nlm.nih.gov/15695233/
https://pubmed.ncbi.nlm.nih.gov/20409600/
https://pubmed.ncbi.nlm.nih.gov/20409600/
https://www.researchgate.net/publication/227344657_The_effects_of_attentional_focusing_strategies_on_novice_dart_throwing_performance_and_Their_task_experiences
https://www.researchgate.net/publication/227344657_The_effects_of_attentional_focusing_strategies_on_novice_dart_throwing_performance_and_Their_task_experiences
https://www.researchgate.net/publication/227344657_The_effects_of_attentional_focusing_strategies_on_novice_dart_throwing_performance_and_Their_task_experiences
https://www.researchgate.net/publication/318402223_The_effect_of_attentional_focus_strategies_on_children_performance_and_their_EMG_activities_in_maximum_a_force_production_task
https://www.researchgate.net/publication/318402223_The_effect_of_attentional_focus_strategies_on_children_performance_and_their_EMG_activities_in_maximum_a_force_production_task
https://www.researchgate.net/publication/318402223_The_effect_of_attentional_focus_strategies_on_children_performance_and_their_EMG_activities_in_maximum_a_force_production_task
https://pubmed.ncbi.nlm.nih.gov/15695233/
https://pubmed.ncbi.nlm.nih.gov/15695233/
https://www.frontiersin.org/articles/10.3389/fpsyg.2018.02370/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2018.02370/full
https://pubmed.ncbi.nlm.nih.gov/27088370/
https://pubmed.ncbi.nlm.nih.gov/27088370/
https://pubmed.ncbi.nlm.nih.gov/27088370/
https://www.researchgate.net/publication/265087099_Altering_focus_of_attention_influences_elite_athletes_sprinting_performance
https://www.researchgate.net/publication/265087099_Altering_focus_of_attention_influences_elite_athletes_sprinting_performance


 78                                                                                                                                                          Āõ½wĄzĈĉ  ûv½wîúă ÿ 

 ĂùwþöÎåĈ¤í¾³ ½w¤å½ I ûw¤Æù¿,/+- ā½ÿ¹ I,0 I ā½wúÉ 0/ 

26. Winkelman NC, Clark KP, Ryan LJ. Experience level influences the effect of attentional focus on sprint 

performance. Human movement science. 2017 Apr 1; 52:84-95. 

27. Wulf G. Attentional focus effects in balance acrobats. Research quarterly for exercise and sport. 2008 Sep 

1; 79(3):319-25. 

28. Bernier M, Codron R, Thienot E, Fournier JF. The attentional focus of expert golfers in training and 

competition: a naturalistic investigation. Journal of Applied Sport Psychology. 2011 Jul 1; 23(3):326-41. 

29. Guss-West C, Wulf G. Attentional focus in classical ballet: a survey of professional dancers. Journal of 

Dance Medicine & Science. 2016 Mar 15; 20(1):23-9. 

30. An J, Chua LK, Wulf G. Optimising golf putting. International Journal of Sport and Exercise Psychology. 

2021 Sep 3; 19(5):882-94. 

31. Moore LJ, Vine SJ, Wilson MR, Freeman P. The effect of challenge and threat states on performance: An 

examination of potential mechanisms. Psychophysiology. 2012 Oct; 49(10):1417-25. 

32. Asadi A, Farsi A, Abdoli B. Effect of increasing the distance of an external focus of attention on 

performance and kinematic of horizontal jump in skilled athletes. Motor Behavior. 2016 May 21; 8(23):65-

78. 

33. Bell JJ, Hardy J. Effects of attentional focus on skilled performance in golf. Journal of applied sport 

psychology. 2009 May 6; 21(2):163-77. 

34. Westphal W, Porter JM. Increasing the distance of an external focus of attention has limited effects on 

standing long jump performance. International Journal of Exercise Science. 2013; 6(4):5. 

35. Wulf G, McNevin N, Shea CH. The automaticity of complex motor skill learning as a function of 

attentional focus. The Quarterly Journal of Experimental Psychology Section A. 2001 Nov; 54(4):1143-

54. 

36. Masters R, Maxwell J. The theory of reinvestment. International Review of Sport and Exercise Psychology. 

2008 Sep 1; 1(2):160-83. 

37. McNevin NH, Shea CH, Wulf G. Increasing the distance of an external focus of attention enhances 

learning. Psychological research. 2003 Feb; 67:22-9. 

38. Marchant DC, Greig M, Scott C. Attentional focusing instructions influence force production and muscular 

activity during isokinetic elbow flexions. The Journal of Strength & Conditioning Research. 2009 Nov 1; 

23(8):2358-66. 

39. An J, Wulf G, Kim S. Increased carry  distance and X-factor stretch in golf  through an external focus of 

attention. J Mot Learn Dev. 2013; 1:2-11. 

40. Wulf G. Attention and Motor Skill Learning. Champaign, IL: Human Kinetics, 2007. 

41. Wulf G, T ̴llner T, Shea CH. Attentional  focus effects as a function  of task difficulty. Res Q Exerc Sport.  

2007 Jun; 78(3):257-64. 

42. Castaneda B, Gray R. Effects of focus of attention on baseball batting performance in players of differing 

skill levels. Journal of Sport and Exercise Psychology. 2007 Feb 1; 29(1):60-77. 

43. Totsika V, Wulf G. The influence of external and internal foci of attention on transfer to novel  situations 

and skills. Research Quarterly for Exercise and Sport. 2003 Jun 1; 74(2):220-32. 

44. James B, Collins D. Self-presentational sources of competitive stress during performance.  Journal of Sport 

and Exercise Psychology. 1997 Mar 1; 19(1):17-35. 

45. Lohse KR, Sherwood DE, Healy AF. How changing the focus of attention affects performance, kinematics, 

and electromyography in dart throwing. Human movement science. 2010 Aug 1; 29(4):542-55. 

46. Hodson-Tole EF, Wakeling JM. Motor unit recruitment for dynamic tasks: current understanding and 

future directions. Journal of Comparative Physiology B. 2009 Jan; 179:57-66. 

47. Calatayud J, Vinstrup J, Jakobsen MD, Sundstrup E, Colado JC, Andersen LL. Influence of different 

attentional focus on EMG amplitude and contraction duration during the bench press at different speeds. 

Journal of sports sciences. 2018 May 19; 36(10):1162-6. 

https://pubmed.ncbi.nlm.nih.gov/28182969/
https://pubmed.ncbi.nlm.nih.gov/28182969/
https://pubmed.ncbi.nlm.nih.gov/18816943/
https://pubmed.ncbi.nlm.nih.gov/18816943/
https://psycnet.apa.org/record/2012-31694-006
https://psycnet.apa.org/record/2012-31694-006
https://pubmed.ncbi.nlm.nih.gov/27025449/
https://pubmed.ncbi.nlm.nih.gov/27025449/
https://www.tandfonline.com/doi/abs/10.1080/1612197X.2020.1854823?journalCode=rijs20
https://www.tandfonline.com/doi/abs/10.1080/1612197X.2020.1854823?journalCode=rijs20
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1469-8986.2012.01449.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1469-8986.2012.01449.x
https://mbj.ssrc.ac.ir/article_658.html?lang=en
https://mbj.ssrc.ac.ir/article_658.html?lang=en
https://mbj.ssrc.ac.ir/article_658.html?lang=en
https://www.tandfonline.com/doi/abs/10.1080/10413200902795323
https://www.tandfonline.com/doi/abs/10.1080/10413200902795323
https://pubmed.ncbi.nlm.nih.gov/22067252/
https://pubmed.ncbi.nlm.nih.gov/22067252/
https://pubmed.ncbi.nlm.nih.gov/11765737/
https://pubmed.ncbi.nlm.nih.gov/11765737/
https://pubmed.ncbi.nlm.nih.gov/11765737/
https://www.tandfonline.com/doi/abs/10.1080/17509840802287218
https://www.tandfonline.com/doi/abs/10.1080/17509840802287218
https://pubmed.ncbi.nlm.nih.gov/12589447/
https://pubmed.ncbi.nlm.nih.gov/12589447/
https://pubmed.ncbi.nlm.nih.gov/19826287/
https://pubmed.ncbi.nlm.nih.gov/19826287/
https://pubmed.ncbi.nlm.nih.gov/19826287/
https://www.researchgate.net/publication/273441597_Increased_Carry_Distance_and_X-Factor_Stretch_in_Golf_Through_an_External_Focus_of_Attention
https://www.researchgate.net/publication/273441597_Increased_Carry_Distance_and_X-Factor_Stretch_in_Golf_Through_an_External_Focus_of_Attention
https://www.amazon.com/Attention-Motor-Skill-Learning-Gabriele/dp/073606270X
https://pubmed.ncbi.nlm.nih.gov/17679499/
https://pubmed.ncbi.nlm.nih.gov/17679499/
https://pubmed.ncbi.nlm.nih.gov/17556776/
https://pubmed.ncbi.nlm.nih.gov/17556776/
https://pubmed.ncbi.nlm.nih.gov/12848235/
https://pubmed.ncbi.nlm.nih.gov/12848235/
https://journals.humankinetics.com/view/journals/jsep/19/1/article-p17.xml
https://journals.humankinetics.com/view/journals/jsep/19/1/article-p17.xml
https://pubmed.ncbi.nlm.nih.gov/20541275/
https://pubmed.ncbi.nlm.nih.gov/20541275/
https://pubmed.ncbi.nlm.nih.gov/18597095/
https://pubmed.ncbi.nlm.nih.gov/18597095/
https://pubmed.ncbi.nlm.nih.gov/28795879/
https://pubmed.ncbi.nlm.nih.gov/28795879/
https://pubmed.ncbi.nlm.nih.gov/28795879/

