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ABSTRACT

The purpose of this study was to investigate the effect of practice
variability in physical compared with observational practice on golf
putting performance. To this end, 50 male right-handed students (25+3.7
years) participated in this study. Participants were randomly divided into
5 groups (physical constant, physical variable, observational constant,
observational variable, and control). During acquisition, the physical
variable group randomly performed 50 trials from 5 different starting
points to 2 different targets, but the physical constant group performed
50 trials from one starting point to one predetermined target. The
observational variable and constant groups observed the performance of
the physical variable and constant groups, respectively. The control
group just participated in pre-and post-tests. Participants performed a
test just like the pre-test 10 minutes and also 24 hours after practice.
Putting accuracy was measured as the dependent measure. Results
showed that variability of practice had a positive effect on performance
than constant practice in physical and observational conditions. Maybe
the similar underlying mechanisms and also the similar feedback effects
resulted in the higher performance of the variable group than the
constant group in physical performance and action observation.
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Extended Abstract

Introduction

Human’s life deepens on learning new staffs. One of the most important forms
of learning is motor learning. Motor learning could be defined as internal
permanent changes in the ability of performing a task that occur as a result of
practice. According to this definition, practice could be mentioned as the core of
motor learning process, and researchers provide different methods to enhance
the effectiveness of practice during the acquisition process (1,2). However, all
these methods have been tested in physical form of practice. Motor learning
could be formed via different methods of practice such as physical performance
and action observation. Physical practice and action observation are believed to
share similar underlying mechanisms (9). Also, it is argued that feedback
mechanisms in these two forms of practice similarly affect performance during
practice (7).

There are neurophysiological and behavioral data supporting these concepts
(7,11). For example, neurophysiological data showed activation of similar brain
areas during action observation and physical performance (10). In addition,
behavioral research showed that a similar Fitts’ law effect could be seen in
action observation and physical performance (7), and other studies showed that
the slopes of the regression lines of Fitts’ law were similar between these two
forms of performance (11). However, there are also results showing different
underlying mechanisms of these two forms of practice (17,18). For example, it
is believed that action observation is based on cognitive processes while
physical performance is based on more procedural processes (16). Also, it has
been shown that memory consolidation processes during action observation are
different from physical performance (17). To address these arguments, we used
the variability of practice as a psychological variable to test if results in a similar
effect in physical practice and action observation. The variability of practice
assumed that practice using different parameters of a task would result in a
higher learning than practice with a single parameter. The effect of variability of
practice has been shown in different tasks during physical performance (1). We
argued that if action observation and physical performance share a similar
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underlying mechanism, and the inherent feedback is similar during these two
forms of practice, a similar variability of practice effect should be observed
during physical performance and action observation.

Accordingly, this study aimed to address the effect of variability of practice in
physical and observational practice on learning a golf putting task.

Methods

In a pre-post semi-experimental design, 50 male participants (25+£3.7 years)
were recruited and randomly divided into five groups: physical variable, physical
constant, observational variable, observational constant, and control. The task
included putting to different targets (4 cm diameter) from different locations (4
cm diameter) using a standard putter and ball. A synthetic putting green (4x9
m) was used to perform the task. After completing the informed consent forms,
participants performed 10 trials as a pre-test. After the pre-test, participants
practiced according to their grouping. The physical variable group performed 50
trials (5 blocks 10 attempts each-one min rest between blocks) from five
different starting points into two different targets in a random order with the
constraints that no starting point is used in two consecutive performances. The
practice goals and the test goals were different. The physical constant group
performed 50 trials from one starting point to one target point. The performance
of the physical variable and constant groups was filmed (using a Fuji HS 10
camera) from a 45-degree angle to the sagittal plane and shown to the
observational variable and constant groups, respectively. The observational
groups did not experience any physical practice during the acquisition. In
addition, the control group did not practice and just participated in the tests. Two
retention tests were performed 10 min and 24 hours after the acquisition phase.
The distance of the stopped ball from the target (radial error) was measured as
a dependent variable during the tests and acquisition phases. The pretest data
were analyzed using a one-way ANOVA. Difference scores from pretest to post-
tests (immediate and delayed) were calculated and analyzed using a mixed
ANOVA, 2 (practice type, physical and observational) x 2 (practice conditions,

variable and constant) x 2 (tests, immediate and delayed retention tests). All
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statistical analyzes were performed using SPSS 16, and the significant level
was considered as 0.05.

Results

The Shapiro-Wilk test confirmed the normality distribution of data (all P>0.05).
Also, results of the Levens’ test confirmed homogeneity of variances (all
P>0.05). Figure 1 shows the performance of groups during different phases of

the research.
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Figure 1. Accuracy of groups during different phases of the research.

Results of ANOVA for the pre-test showed no significant difference between
groups, F (4,49)=1.99, P=0.12. However, the results of ANOVA test for
retention periods showed a significant main effect of practice type, F (1, 36)=
4.16, P= 0.049, n4=0.10. The physical groups improved their accuracy more
than the observational groups (means, Physical=29.45, Observational=16.04).

Also, a significant main effect of practice condition was observed, F
|
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(1,36)=7.45, P=0.01, n%=0.17. The variable groups performed more accurately
than the constant groups (means, Variable=31.71, Constant=13.78). However,
the main effect of tests, F(1, 36)= 1.96, P=0.16, np=0.05, and the interaction of
practice type and tests, F(1, 36)= 1.94, P=0.17, n2p=0.05, and other interaction
effect, all F<1, were not significant. To test if performing the tests affect the
learning of physical and observational groups, the results of the control group
during the immediate retention test were analyzed using a one sample t-test
and showed that the improvement of the control group had no significant
difference from zero, t=0.97, df=9, P=0.37. These findings were replicated for
the delayed retention test, t= 0.13, df=9, P=0.89. According to these findings,
performing the tests did not affect the learning of experimental groups.
Discussion

The results of this study confirmed the positive effect of variable practice in
physical and observational conditions. The results showing the variability of
practice effect in physical performance are in line with previous studies (4,5).
The possible reason could be formation of a stronger relationship between
parameters and outcomes. Also, results showing the variability of practice effect
in action observation are in line with previous studies arguing similar underlying
mechanisms of physical and observational practice (9,11,13) and using a
similar coding in these two forms of practice (8,12). On the other hand, these
findings are at odds with previous studies showing different underlying
mechanisms of physical and observational practice (16). Although the variability
of practice effect was confirmed in physical and observational practice, the
physical groups outperformed than observational groups and this may provide
evidence for some difference in their underlying mechanisms (22). According to
some arguments, the higher accuracy of physical performance compared with
action observation and motor imagery could be considered as an evidence for
difference between their underlying mechanisms of these three forms of
practice (22). However, as a similar positive effect of variability of practice was
observed during action observation and physical performance, the similar effect
of the available feedback during physical performance and action observation
could be the possible reason for these findings (7). It is possible the participants
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in variable conditions (physical and observational) used feedback to shape a
rule (the relationship between parameters and outcomes) for predicting the
parameters. Also, it is possible that observing different initial positions and
estimated parameters resulted in formation a stronger recall schema (23). In
line with these arguments, it has been reported that participants could improve
their error detection mechanisms using empowerment of recall and recognition
schemas (24,25). Another possible reason could be updating internal models
during observational learning (14). It is believed that during action observation
the person runs different predictor models and according to the comparison of
the observed outcome with the predicted outcome concludes which controller
system is used by the performer. It is possible that variable practice during
observation results in a better relationship between the predictor system and
the results of the action, accordingly, enhancing the prediction ability of the
observer, helps him with choosing the controller system for movement
production (14). However, as the observer is not the agent of action, the motor
command used by the model could not be reproduced accurately be the
observer. Accordingly, the prediction based on this inaccurate command
simulation would also be inaccurate. This argument could be considered as a
possible difference between underlying mechanisms of action observation and
physical performance.

In general, the results of this study showed positive effect of variability of
practice in physical performance and action observation. The results of this
experiment also could have practical usage. As observational learning needs
less time and energy, and also as it was shown that variable observational
learning can enhance learning more than constant practice, learners can use
variable action observation in rest time or in addition to their physical practice.
Future studies can manipulate the inherent feedback during action observation
and physical performance, as this variable mentioned as a possible reason of
the mentioned results. Also, as we just used accuracy measurement as
dependent variable, future studies can use kinematics measurements to
address the possible effect of variability of practice in action observation and
physical performance in more accurate details.
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