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Extended Abstract

Background and Purpose

The positive effect of mental practice on skill learning is considered a piece of evidence for similar
underlying mechanisms of physical and mental practice. According to Newell’s model of motor
learning, at the first stage of learning, the physical practice would enhance coordination and in
the second stage practice would enhance control of that coordination pattern. In line with this
argument, it has been shown that movement variability would reduce as a result of skill
enhancement. Also, research showed that movement jerk would reduce as a result of skill
improvement. According to the abovementioned argument, if the underlying mechanisms of
mental and physical practice are similar, then mental practice should have a similar effect on
movement variability and movement jerk. As this argument was not considered widely in
previous studies, this study aimed to compare the effect of physical and mental practice on
movement variability and movement jerk.

Methods

30 males (mean = 25 £ 4.3) participated in this study according to a convenience sampling
method. Participants were divided into three different groups (physical, mental, and control)
according to their pre-test scores (10 trials from 244 cm away from the target). Also, before
participating in the practice sessions, all participants completed the movement imagery
questionnaire-revised. Then, participants practiced a golf putting task for 6 consecutive days (10
blocks—18 trials each). The physical practice group performed 180 trials each day (10 blocks)
from 244 cm away from the target. The mental practice group completed the mental putting task
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while standing on the start point holding the putter, without any observable movement. The
control group did not practice and just completed the pre- and retention tests. A retention test
(similar to the pre-test) was performed seven days from the last practice session (10 trials from
244 cm from the target). Movement kinematics were recorded using a SIMI motion capture
system to calculate the coordination and smoothness indexes. Putting accuracy (distance from the
edge of the landed ball from the edge of the target), variability of coordination pattern, and
movement jerk were calculated as the dependent variables. The imagery data were analyzed using
a One-way ANOVA. All other data were analyzed using a mixed ANOVA model 3 (group;
physical, mental, and control) x 2 (test; pre- and post-tests) with the repeated measures on the last
factor.

Results

Results of One-way ANOVA for imagery data showed no significant difference between groups,
F < 1. For the accuracy data, results showed no significant main effect of group, F (2, 27) = 0.98,
p = 0.38, n?p = 0.068. However, significant main effects for test, F (1, 27) =10.21, p=0.004, n*p
=(.27, and the interaction of group with test, F (2,27) =13.20, p <0.001, n?*p = 0.49, were found.
The results of post-hoc test for the interaction effect showed that there was no significant
difference between groups during the pre-test, all p > 0.05. However, the physical practice showed
higher accuracy than the imagery practice group during the post-test, p < 0.05. Also, accuracy
improvements were observed for physical and imagery groups from pre to post-test, all p <0.05;
no such effect was observed for the control group, p > 0.05. Results for variability of coordination
pattern showed no significant main effect for group, F (2, 27) = 1.08, p = 0.35, n*p = 0.07.
However, significant effects were observed for test, F (1, 27) = 63.63, p < 0.001, n*p = 0.7, and
interaction of group x test, F (2,27) =15.38, p <0.001, n?p = 0.53. Post-hoc test for the interaction
effect showed that there was no significant difference between groups during the pre-test, all p >
0.05. Results showed that during the retention test physical and imagery groups significantly
outperformed the control group, all p < 0.05. The difference between the physical and imagery
groups was not significant during the retention test, p > 0.05. Also, results showed improvement
from pre-test to retention test for physical and imagery groups, all p < 0.05; such effect was not
observed for the control group, p > 0.05. Results of ANOVA for the jerk measure showed
significant main effects for group, F (2, 27) = 5.68, p = 0.009, n?*p = 0.29, and test, F (1, 27) =
33.78, p < 0.001, n?*p = 0.55. Also, the interaction effect of group x test was significant, F (2, 27)
=15.26, p <0.001, n?>p = 0.53. Results of post-hoc test for the interaction showed no significant
difference between groups during the pre-test, all p > 0.05. However, results showed that the
physical group had significantly lower movement jerk than the imagery and control groups, all p
<0.05. Also, results showed improvement from pre-test to retention test for physical and imagery
groups, all p < 0.05; like other measures, such effect was not observed for control group, all p >
0.05.

Conclusion

Although mental practice improved movement accuracy, this improvement was not equal to or
more than improvements by physical practice. These findings were considered as evidence for
different underlying mechanisms for physical and mental practice (8,9,10). It is argued that
internal models would not update during motor imagery (11), and as a result, learning may suffer.
In contrast to the previous study (12), this study showed that mental practice would improve the
variability of movement coordination similar to physical practice. In the previous study, a discrete
measure of variability was used which has some limitations to show differences between groups
(13,14); however, in this study a continuous measure was used. Also, in the previous study
participants just performed 18 trials, in this study participants performed 1080 practice trials. The
difference in the amount of practice could serve as a possible reason for contradicting findings.
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Besides, results showed that motor imagery practice improved movement smoothness but was
lower than physical practice. The lack of real visual feedback could be the possible reason for this
finding (8).

Keywords: Golf Stroke, Movement Jerk, Coordination, Internal Models

Article Message

The results of this study showed that mental practice, like physical practice, leads to learning the
golf stroke. The results also indicated that mental practice improves movement smoothness;
however, this improvement was not as significant as that achieved through physical practice.
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Figure 1- Plot of visual and Motor imagery abilities for different groups
(Error bars represent standard deviations)
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Table 1- Results of ANOVA for accuracy measures
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Figure 2- Plot related to the accuracy performance of different groups during pre-test and

retention
(Error bars represent standard deviations)
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Table 2- Results of ANOVA for variability of coordination pattern
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Figure 3- Variability of coordination pattern for different groups during pre-test and retention
(Error bars represent standard deviations)

14 O)Lo.u':# Y 099 NF.¥ }-ub A‘Sa"SP )Lﬁ)



) e Silod (S9N (5514 et 52 (G (3203 9 Slower (03 3T
a9 S 2

Cieats a0 LS (500l 5 (03Tt e 50 i (sloog,S (sl I dar gy Sy loges (F) U
Slr olly Jedo s03] gl e po (LS &5 o Sy (sloosls gl 1y eyl Jelows (351 @l (7) Jgor
S YVPYIVA)Y oygo5] e ol 51 dp=e IR P=efe 8 (Y 5 YV)OIFA) 05,5 Lol il eols ol peie oy
g olins (Pp=e IOY P<- =\ F(Y 5 YVINBIYE) cy505] Uolya 10 05,5 slalas i1 g (7p=+ /OO P<+ - =\ F()
(P> [0 dan) AL o Uy (g loline Slis g0l iy yo Wog,S ol lis olss i1 (sl (o cy50)] gl
(P< /o0 aon) 5g; Sgliie 7S g (53lw gl sloog )T b (s loline Sjgo 4y g ook (5051 50 (lomz 05,5 Lol
09,5 wls ylis b pmSils dmolia (P<+/+0) o jloline (9031 cpl 4o 35 S g (5ilw pgai sloog,S o oglis
JAS 09,5 & Cannd (55l g 095 (aizred (LuBIS 093 LS 1> )3 (65565 S 00 095 93 4 Ced (Slowr
QVB)+ Y=yt V[ V= 6 3oy THI50= Slomr do puSilio) Sl 095 5 o 13 (6,205 S

S o Sy gl uilsly Jedmi y303] @l Y Jgo
Table 3- Results of ANOVA for movement jerk Measure

- Sl yed Ol s 2
n2p b)) P ;) F ;) olgdoe (Sl (0l Dl jo 29T £9°2 R T
daf Sum of Source of
Squares Variation

0.29 0.009 5.68 128.94 2 257.88 =
Group
RIS
0.53 <0.001 15.26 148.04 2 296.08 Test
Stages
5% 09,5 Jeles
ose3l Sl
0.53 <0.001 15.38 36.26 2 72.52 Group x
Test
Stages
Interaction

n2p P-value F-value Mean Square

Soline J5S 09,5 (6l s b0k 5 a3l e G gl el s el ST (6l (odins (9ol gl (ol ogdle
(P<e /o0 ann) o9 )‘QL’..M Gilw pgad o u_»Lo.....} L;Lmo”f 6‘)‘. Sgles u.:‘ Lol «((P>+/+ D) Sgus

5 oo AV 0,93 FF sl o 5 o LS,



45
40

35
30
2
2
1
1
0

(Physical) (Imagery) by saal (Control) J_s€

v O Uu1 o wu

B (Pre-test) sl iz M (Retention) ¢ b
o103k 9 (903l iy 2Ty 50 Wog,F (sl ars (y9s Sy 4 bgypo logai —F Y
(St 8 ylilinw! Bl yzuil oasws ) Lis s sls i)

Figure 4- Plot related to the dimensionless jerk for groups during pre-test and retention
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