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Introduction: Mirror neurons have been suggested as a potential neural mechanism of 
observational learning. This study aims to investigate the effect of self-modeling, skilled model, 
and learning model on mu rhythm suppression and golf putting acquisition and retention. 

Methods: The study was conducted on 45 male volunteer students (aged 19.4±0.37 years) 
in three experimental groups, self-modeling, skilled, and learning models with six sessions 
of physical and observational training in three periods of pre-test, acquisition, and retention. 
In the pre-test, after the initial familiarity with the skill, participants performed 10 golf putting 
actions while scores were recorded. Then, electrical brain waves in C3, C4, and Cz regions 
were recorded during the observation of 10 golf putting actions by their group-related models. 
The acquisition period consisted of golf putting training during six sessions, each consisting of 
six blocks of 10 trials. Before each training block, participants observed golf putting related to 
their group 10 times in the form of a video. Acquisition and delayed retention tests were also 
performed by recording scores of 10 golf putting actions, as well as recording electrical brain 
waves while observing the skill performed by the related model.

Results: Mixed analysis of variance (ANOVA) showed that the mu rhythm suppression in 
the pre-test was more in the self-modeling group compared to the skilled model and learning 
model groups, but this suppression was not significantly different in all three groups in the 
acquisition and retention tests. In putting task variables, all three groups that had no significant 
difference in the pre-test period made considerable progress in learning the desired skill from 
the pre-test to the acquisition test, and this progress was somewhat stable until the retention 
test. Also, both in the acquisition and retention periods, the self-modeling group showed better 
performance than the other two groups; however, no significant difference was observed 
between these groups.

Conclusion: These results suggest that the model-observer similarity is a crucial factor in 
modeling interventions and can affect the rate of mu rhythm suppression.
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1. Introduction

bservational learning or learning from a 
model is a particular type of perceptual 
learning and its usefulness has been shown 
in motor learning (Schmidt et al., 2011; Al-
hajri et al., 2018). Learning from a model 
is a crucial component of Bandura’s cog-

nitive-social theory and refers to behavioral, cognitive, 
and emotional changes resulting from viewing models 
(Schunk, 2012). Observational learning is used as an ef-
fective way of learning simple and complex motor skills 
(Wulf et al., 2010). Studies show that observational 
training can play a critical and unique part in learning, 
especially when combined with physical training (She-
bilskem et al. 1992; Shea et al. 2000). Also, neuroimag-
ing studies show that a set of common neural structures 
are activated in both action execution and action obser-
vation (Gallese & Goldman, 1998; Jeannerod, 1994). A 
review of studies related to observational learning shows 
that many factors are involved in the effectiveness of 
observational interventions (Ste-Marie et al., 2012). 
Factors, such as observation and task characteristics are 
crucial to consider when observing interventions. The 
related literature suggests that researchers are interested 
in this crucial factor in observational interventions that 
“who” is the most useful model for observation (Ste-
Marie et al., 2012). Common types of modeling used by 

researchers include observing others or observing them-
selves. In observing others, the skilled model, the novice 
model, and the learning model are examined. Another 
approach is to use self-modeling techniques (Ste-Marie 
et al., 2011). Self-modeling is a form of observational 
learning with the distinction that the observed and the 
observer are the same person, that is, they observe their 
executive behavior and then repeat the intended behav-
ior (Dowrick, 2012a; Dowrick, 2012b).

Factors in self-modeling suggest that this model can 
be an optimal model for learning skills. This can be ex-
amined from several perspectives. From Holmes and 
Calmels’ neurological perspective (Holmes & Calmels, 
2008), self-modeling can be more functional than ob-
serving other persons in terms of neural activation be-
tween action execution and observation. From a psycho-
logical point of view, self-modeling is also a desirable 
model. In this respect, psychological constructs, such 
as self-efficacy and other self-regulation processes are 
initiated by observing mastery experiences (Ste-Marie 
et al., 2011). Bandura’s cognitive-social theory also sup-
ports self-observation as a desirable model. According 
to this theory, observing the model does not ensure that 
acquisition will take place, or that the acquired behavior 
will occur later. In other words, many factors affect vi-
carious learning and acquired behaviors; one of which is 
the similarity of a model with an observer. Similarity is 

Highlights 

• Mu rhythm suppression the pre-test was more in the groups.

• Overcoming model-observer similarity on level of expertise occurred.

• In learning motor skills, the self-modeling method was better than other methods.

Plain Language Summary 

In learning motor skills, we need a model to demonstrate the skill so that observers can see and repeat his performance. 
There are many factors that are effective in the influence of the model on the better learning of the observer. The skill 
level of the model and the similarity of the model with the observer are factors that are of particular importance. 
Previous studies have investigated the effect of observing a skilled model, a learning model, and self-modeling on the 
learning of different motor skills and have reached contradictory results. The available evidence is somewhat in favor 
of self-modeling, i.e. the individual observes their performance on video. Why this method is efficient and effective, 
there was not enough neurological evidence and it was necessary to investigate mirror neurons with different modeling 
methods. These neurons have been proposed as the neural basis of observational learning. The results showed that 
self-modeling method is better than other methods, and more importantly, mirror neuron activity increases when we 
observe our performance, even when we are beginners in that motor skill. This finding partly justifies the reason 
for better learning with self-modeling and clearly shows that the similarity of the model with the observer can be an 
important factor in motor skills learning interventions.
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a crucial factor in assessing suitability and shaping be-
liefs. The more similar observers are to models, the more 
likely the observers will consider similar actions socially 
appropriate for themselves to perform. Besides, based 
on this theory, the model-observer similarity leads to the 
enhancement of the attention and retention processes 
of observation learning, thereby increasing the learning 
benefits through the observation process. According to 
this theory, the highest level of model-observer similar-
ity happens while a person is in their model (Schunk, 
2012). Based on Schmidt et al. (2011), Bandura’s theory, 
which was developed to explain the acquisition of social 
behaviors, seems not to be appropriate for understanding 
motor skills learning. However, recent advances provide 
new insights, specifically about observational learning 
(Schmidt et al., 2011). The discovery of a mirror neu-
ron system in the brain has stimulated a great deal of re-
search into the possibility that a particular neural mecha-
nism is a basis for observational learning (Schmidt et 
al., 2011). These mirror neurons are a class of cortical 
neurons that discharge both when a person performs a 
certain motor action and when one sees the same mo-
tor action performed by others. These neurons were first 
discovered in the prefrontal cortex of monkeys by Ital-
ian scientists at the University of Parma (Di Pellegrino 
et al., 1992) in an accidental discovery. Following their 
discovery, some other researchers concluded that the hu-
man brain also has mirror neurons (Rosenbaum, 2009). 
The discovery of a mirror neuron system is a critical 
finding in observational learning. This system is thought 
to play a crucial function in understanding the actions 
of others and may be responsible for our ability to learn 
by observing and imitating the actions of others and can 
underpin observational learning mechanisms (Cattaneo 
& Rizzolatti, 2009; Van Gog et al., 2009). That is, these 
neurons are the basis for the perceptual-motor conver-
sion mechanism and enable the visual information to be 
converted into motor commands. Thanks to such visual-
motor conversions, humans can learn how to perform a 
particular action based on the information derived from 
the model. These conversions allow the observer to re-
peat the actions represented by the model (Lago Rodri-
guez et al., 2014).

In humans, the mirror neuron system operates differ-
ently based on the observed forms of motor behavior. 
Activity is greatly decreased when observing a move-
ment that is biomechanically impossible to perform (Ste-
vens et al., 2000) or when the observed movement is not 
part of the observer’s motor repertoires (Buccino et al., 
2004). Likewise, the level of expertise also affects the 
involvement of this system (Calvo-Merino et al., 2004) 
which is a significant issue for the development of ap-

plications for observational use. In addition to finding 
cortical areas associated with the mirror neuron system, 
the level of activity of these neurons is also of interest 
to researchers. Studies (Buccino et al., 2004; Stevens et 
al., 2000) showed that the activity of the mirror neuron 
system can be due to the degree of adaptation between 
the observed actions and the observer’s motor abilities. 
Growing evidence shows that the activity of this system 
depends on observational motor experiences of a given 
action (Kim et al., 2011). Among the methods used to 
infer the activity of mirror neurons is Mu rhythm (also 
called sensory-motor rhythm). Mu rhythm is one of the 
dominant brain waves of about 8-13 Hz. These oscilla-
tions are limited to short periods of 0.5 to 2 s and can oc-
cur in the human sensory-motor cortex in the absence of 
movement. The results of the meta-analysis of 85 stud-
ies on 1 707 participants showed that Mu rhythm can 
be strongly inferred as a function of the human mirror 
system (Fox et al., 2015).

In a few studies, the activity of mirror neurons was in-
vestigated in the observation of motor and sports skills, 
and interesting results were obtained. For example, Cal-
vo-Merino et al. found that when dancers see a similar 
style of dance, the activity of mirror neurons is greater 
than when they see a different style of dance. Kim et al. 
also examined the difference in mirror neuron activity 
during observation between the skilled archer group and 
the non-archer group. They concluded that the mirror 
neuron activity was more in the skilled archers’ group 
than in the novice group while watching the archery. De-
spite the importance of these neurons as the underlying 
mechanisms of observational learning, few studies have 
been conducted on the observational learning of motor 
and sports skills and have solely focused on observing 
others (Calvo-Merino et al., 2004; Kim et al., 2011). 
Although self-modeling is theoretically and psycho-
logically better than other modeling methods mentioned 
(Bandura’s cognitive-social theory and Zimmerman’s 
self-regulation theory), the neural underpinning of this 
method has not been investigated. Also, the pattern of 
activity of these neurons along with learning sports skills 
is unclear which indicates a need for a laboratory study. 
That is, given the importance of the mirror neuron activ-
ity, this crucial factor during observing motor and sports 
skills has not been compared between self-modeling, 
skilled model, and learning model. The results of this 
study from the perspective of the mirror neuron system 
as a neural basis of observational learning can provide 
strong evidence for this crucial variable in motor learn-
ing, specifically in observational learning, i.e. the “who” 
is the most useful model for observation.
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2. Materials and Methods

Participants 

Forty-five healthy volunteer male students (aged 
19.4±0.37 years) participated in the study. They were 
not aware of the specific purpose of the study. Informed 
consent was obtained from all the participants before 
starting the experiment. All participants had normal vi-
sion and right-sighted eyes and no familiarity with the 
research task. Participants were asked not to observe and 
practice outside the training protocol from the pre-test to 
the retention test. Therefore, in addition to the two cases 
mentioned, the individual’s request to quit the study was 
the exclusion criterion in this research. Participants were 
randomly assigned to one of the self-modeling, learning 
model, and skilled model groups.

Motor task

The task was to put the golf ball and guide the ball to 
the hole to gain a maximum score and the rating sys-
tem was based on the accuracy of the putting. The target 
was a circle with a radius of five cm, located 4 m away 
from the participants. Fourteen concentric circles with 
radii 10,15, 20, 25, …, and 75 cm were traced around the 
target, and these circles were labeled with their points. 
These circles were used as a measure of the accuracy of 
the puts. If the ball was placed in area A (goal, which is 
the same hole in the golf matches), it would score 150 
points, and by placing the ball in other areas, respec-
tively B=140, C=130, D=120,… O=10 and outside of 
the area, they got 0 points (Badami et al., 2012). These 
concentric circles were used to measure the accuracy of 
the golf putting.

Data collection tools

A Sony DSCW830 20.1 MP digital camera with 20.1 
Megapixel (effective) plus 8 x zoom and several pixels 
(Gross) which is approx. 20.4 megapixels and 720p MP4 
HD movie mode was used to record golf putting with 
an angle of 45 degrees from the front view. The 15-inch 
Acer laptop (Aspire ES1-533-C7TG) was used to show 
the recorded videos to the participants. 

Electroencephalography (EEG) recording

 EEG was recorded using Psychlab EEG, a product of 
Contact Precision Instruments Company with a sampling 
rate of 256 Hz via Psychlab Data Acquisition software. 
To measure Mu rhythm suppression, the Mu rhythm at 
baseline, and observation conditions at C3, C4, and Cz 

area were calculated. Before calculating changes in mu 
power, in the pre-processing step, the EEG LAB toolbox 
version 14.1.1 was installed on the MATLAB software, 
version R2016a to eliminate the noise caused by blink-
ing, eye movement, head movement, etc. Mu powers 
were calculated based on the Fourier transform technique 
(FFT). The suppression of mu rhythm was calculated 
as the ratio of mu power in the experimental condition 
(for example, observation) to mu power in the baseline 
condition which is well-known as the mirror neuron ac-
tivity. This ratio is calculated to control for variability 
in absolute power as a result of individual differences 
such as skull thickness and electrode resistance. A log 
transformation was also used for the analysis because 
the data ratios are inherently abnormal as a result of the 
low range. A log ratio of value <0 indicates suppression 
of mu rhythm, a value=0 indicates no suppression and a 
value >0 indicates an increase.

Observational training

The experiment consisted of three periods, pre-test pe-
riod, acquisition period, and retention period. After the 
initial training, the participants performed 10 trials (golf 
putting) as a pre-test and the results were recorded. The 
acquisition period consisted of six sessions and each 
session had six blocks of 10 trials. Participants at each 
session and before the start of each block saw a video re-
lated to their group and then performed physical training. 
The results of the final block of the sixth session were 
considered as the acquisition test score. Seven days (ac-
cording to Schmidt et al. (2011), the retention interval is 
commonly considered 24 hours or more) after complet-
ing the acquisition test, the retention test was performed 
with 10 puts as well as the recording of electrical brain 
waves by observing 10 puts for a third time. The condi-
tions of the golf putting test and recording of the brain 
electrical waves were similar to the previous two peri-
ods. In this way, the putting test was first performed and 
then the brain waves were recorded.

Procedure

Pre-training considerations, instructions, and initial 
training for the golf putting, including putting alignment, 
putting stance and ball position, keeping eyes over the 
ball, the putting grip, the putting stroke, etc. were pre-
sented to the participant. The participants’ performance 
of the self-modeling group was videotaped for the first 
acquisition session. Before the first acquisition physical 
training session, participants observed 10 times (in the 
early stages of learning, the emphasis is more on ob-
servation; for reviews, see Magill and Anderson (2010) 
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their group films, then they continued training indepen-
dently in their group. After filming 10 skilled golfer puts, 
the best performance was selected as a skilled model 
group movie to produce a skilled model movie. To pre-
pare the movie for the learning model, four people were 
selected from the non-statistical population, then they 
practiced in six sessions similar to the research groups 
among which the person who acquired the natural acqui-
sition pattern was chosen as a learning model. The movie 
of the self-modeling group was also a pre-test movie in 
the early acquisition. In each session, the acquisition was 
updated with filming, and in each session, the previous 
session films were played.

Statistical analyses

In the dependent variable of golf putting accuracy, the 
mean put accuracy was calculated based on the system 
traced around the hole; the closer the golf ball was to the 
hole, the higher the score obtained by 10 puts.

To investigate the effect of independent variables on 
golf put acquisition and retention, three (self-modeling, 
skilled model, and learning model) in three (pre-test, 
acquisition, and retention periods) mixed ANOVA were 
used and the last factor was a repeated measure. The 
same test was performed on the activity of the dependent 
variable mu rhythm. Bonferroni post hoc test was used 
and the significance level was 0.05. The data were ana-
lyzed with the SPSS software, version 25.

3. Results

Table 1 presents the Mean±SD of the accuracy of the 
participant’s golf putting in all three groups and all three 
experimental periods. Table 2 presents the Mean±SD of 
the data related to the mu rhythm suppression in all three 
groups, and all three experimental periods.

Mu rhythm activity

The results of the mixed analysis of variance (ANOVA) 
indicated that the main effect of group (F(2, 42)=15.005; 
P=0.001; η2=0.601) and periods (F(2, 84)=13.95; P=0.001; 
η2=0.249) variables on mu rhythm suppression is signifi-
cant. However, the main effect of the brain regions vari-
able approaches significance (F(2, 84)=2.866; P=0.063; 
η2=0.064). Results of interaction between variables 
showed that interaction between groups and periods 
is significant (F(3.48, 42)=4.849; P=0.003; η2=0.188), and 
a marginally significant interaction is observed be-
tween group and brain regions (F(4, 42)=2.461; P=0.051; 
η2=0.105). However, the interaction between periods and 

brain regions (F (138.158, 3.289)=3.289; P=0.955; η2=0.003) 
is not the interaction between period variables, brain re-
gions, and group (F(4, 42)=1.34; P=0.239; η2=0.06).

Due to the significant interaction between group vari-
ables and experimental periods, the main effect of period 
variables was neglected and a one-way ANOVA test was 
performed to investigate the effect of modeling type on 
mu rhythm suppression for each period.

As shown in Figure 1, the results of this test showed that 
in the pre-test period, a significant difference is observed 
in the mu rhythm suppression between the three groups 
of self-modeling, learning model and skilled model in 
all three brain regions C3 (F(2, 42)=8.077, P=0.001), C4 
(F(2, 42)=6.967, P=0.002), and Cz (F(2, 42)=7.505, P=0.002).

Bonferroni post hoc test was used to investigate the sig-
nificant differences between the groups, which showed 
that the self-modeling group had higher mu rhythm 
suppression in the C3 -0.194±0.197, C4 -0.176±0.355, 
and Cz -0.173±0.183 regions than the mu rhythm sup-
pression in skilled model groups in C3 0.123±0.191, 
C4 0.076±0.247 and Cz 0.194±0.197 and the in learn-
ing model in C3 0.077±0.279, C4 0.193±0.205 and Cz 
0.035±0.15; however, the skilled model group and the 
learning model group had no significant difference in the 
mu rhythm suppression.

As shown in Figure 2, the results of this test showed that 
in the pre-test period, a significant difference is observed 
in the mu rhythm suppression between the three groups 
of self-modeling, learning model, and skilled model in all 
three brain regions, in the acquisition period, a one-way 
ANOVA test showed no significant difference between 
the experimental groups in C3 (F(2, 42)=1.976, P=0.151), 
C4 (F(2, 42)=0.211, P=0.811) and only approached signifi-
cance at Cz (F(2, 42)=2.975, P=0.062) regions.

This test was also used in the retention period, which 
showed that the difference between the experimen-
tal groups in C3 (F(2, 42)=1.325, P=0.277), and C4 (F(2, 

42)=2.411, P=0.102) regions was not significant but in 
the Cz (F(2, 42)=3.574, P=0.037) region, it was significant. 
Figure 3 shows these results. Bonferroni post hoc test 
with alpha adjustment based on the number of groups 
was used to investigate the significant differences be-
tween groups in the Cz region and showed no significant 
difference between groups.
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Learning group

 The results of two-factor ANOVA test showed that the 
main effect of periods on mu rhythm suppression was 
significant (F2, 28)=7.74; P=0.002; η2=0.356) and main 
effect of brain regions (F2, 28)=2.85; P=0.075; η2=0.169) 
and also interaction of periods with brain regions (F(2.71, 

37.97)=1.522; P=0.208; η2=0.098) was not significant. Fig-
ure 4 shows these results.

The Bonferroni post hoc test showed that the mu 
rhythm suppression in the acquisition test (P=0.004) and 
the retention test (P=0.014) was significantly higher than 
the pre-test and no significant difference was observed 
between the acquisition and the retention test.

Self-modeling group

The results of two-factor ANOVA test indicated that 
the main effect of the periods on the mu rhythm sup-
pression (F(1.44, 20.28)= 0.388; P=0.617; η2=0.027), main ef-

fect of brain regions (F2, 28)=1.015; P=0.147; η2=0.128), 
and also interaction of periods with brain regions (F(4, 

56)=1.133; P=0.15; η2=0.075) was not significant. Figure 
5 shows these results.

Skilled group

 The results of two-factor ANOVA showed that the main 
effect of periods on mu rhythm suppression was signifi-
cant (F(1.355, 18.98)=7.74; P=0.001; η2=0.544) and main ef-
fect of brain regions (F2, 28)=3.157; P=0.057; η2=0.184) 
and also interaction of periods with brain regions (F(4, 

56)=0.185; P=0.945; η2=0.013) was not significant. Fig-
ure 6 shows these results. The Bonferroni post hoc test 
showed that the mu rhythm suppression in the acquisi-
tion test (P=0.001) and the retention test (P=0.002) was 
significantly higher than the pre-test and no significant 
difference was observed between the acquisition and the 
retention test.

Table 1. The Mean±SD of golf putting accuracy in groups and experimental periods

Groups
Mean±SD

Self-modeling Skilled Model Learning Model

Pre-test 48±11.72 48.33±9.87 49.47±12.6

Acquisition 112.8±13.4 87.6±19.53 84.73±21.58

Retention 101.3±13.69 75.68±20.97 77.6±20.36

Table 2. The Mean±SD of Mu rhythm suppression in groups and experimental periods

Groups
Mean±SD

Self-modeling Skilled Model Learning Model

Pre-test

C3 -0.194±0.05 0.123±0.049 0.077±0.076

C4 -0.176±0.091 0.076±0.30 0.193±0.053

Cz -0.173±0.047 0.012±0.038 0.035±0.038

Acquisition

C3 -0.204±0.045 -0.090±0.037 -0.172±0.031

C4 -0.108±0.048 -0.112±0.053 -0.068±0.056

Cz -0.226±0.037 -0.202±0.053 -0.064±0.058

Retention

C3 -0.195±0.075 -0.071±0.051 -0.120±0.024

C4 -0.022±0.050 -0.176±0.051 -0.070±0.050

Cz -0.216±0.036 -0.223±0.074 -0.008±0.073
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Golf putting task 

The mixed ANOVA test was performed to measure 
the effect of three types of intervention (self-modeling, 
skilled model, and learning model) on the obtained scores 
from the mean of the golf putting in three periods (pre-
test, acquisition, and retention). Figure 7 shows these re-
sults. The main effect of the periods (F(1.35, 56.87)=189.51, 
P=0.001, η2=0.819), the main effect of the group (F(2, 

42)=7.86; P=0.001; η2=0.27), and interaction between the 
modeling and the periods (F(2.7, 56.87)=189.515, P=0.001, 
η2=0.288) were significant.

For this reason, a one-way ANOVA between groups 
was performed to examine the effect of modeling on the 
mean score of golf putting for each period. No signifi-
cant difference was observed between the mean scores 
of the three groups in the pre-test (F(2, 42)=0.07; P=0.93). 
During the acquisition period, the difference between the 
groups was significant (F(2, 42)=10.45; P=0.001). Bonfer-
roni post hoc test showed the self-modeling group with 
a higher score (Mean±SD 112.8±13.4) than the skilled 
model group (Mean±SD 87.6±19.53), and the learning 
model group (Mean±SD 84.73±21.58); however, no 
significant difference was observed between the skilled 
model group and the learning model group. During the 
retention period, although the mean score of the groups 
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was slightly decreased, the results were similar to the re-
sults of the acquisition period and the mean scores of 
the self-modeling group (Mean±SD 101.28±13.6) had 
a significant difference with the skilled model group 
(Mean±SD 75.67±20.97), and the learning model group 
(Mean±SD 77.6±20.36).

Thus, to investigate the effect of periods, for each 
group, repeated measures ANOVA test was performed 
to compare the scores of the golf putting in the pre-test, 
acquisition, and retention periods. In the learning group, 
a significant effect was observed on the period (F(1.161, 

16.261)=26.981; P=0.001; η2=0.658). Bonferroni post hoc 

test showed that the mean scores in all three periods 
were significantly different and significant progress 
was observed from the pre-test to the acquisition period 
(MD:35.262), as well as, a significant decrease was ob-
served from acquisition to retention periods (MD:-7.33); 
however, despite this decrease, the difference between 
the pre-test and retention periods (mean differences 
(MD): 28.13) was significant.

The results of this test for the self-modeling group 
showed that the main effect of the period was significant 
(F2, 28)=159.235; P=0.001; η2=0.919). The Bonferroni 
post hoc test also showed that the mean scores in all three 
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periods differed significantly, i.e. significant progress 
was made from the pre-test to acquisition periods (MD: 
64.8) as well as a significant decrease was observed from 
acquisition to retention periods (MD: -11.353); however, 
despite this decrease, the difference between the pre-test 
and the retention periods (MD: 53.26) was significant.

The results of this test for the skilled model group were 
similar to those in the previous two groups. Thus, the 
main effect of the period variable was significant (F (1.201, 

16.819)=51.268; P=0.001; η2=0.786). Bonferroni post hoc 
test also showed that the mean scores in all three peri-
ods were significantly different and in this group put-
ting mean scores significantly increased from pre-test to 
acquisition periods (MD:39.26) as well as significantly 

decreased from acquisition to retention periods (MD:-
11.933); however, despite this decrease, the difference 
between the pre-test and retention periods (MD:27.33) 
was significant.

4. Discussion

This study was conducted to investigate the effect of 
self-modeling, skilled model, and learning model on 
mu rhythm suppressions as an index of mirror neuron 
activity and learning of golf putting skill. In the pre-
test period, mu rhythm suppression in the three brain 
regions studied was higher in the self-modeling group 
than in the skilled model and learning model groups. 
In the acquisition and retention periods, no significant 
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difference was observed between the experimental 
groups in the mu rhythm suppression in the three brain 
regions studied. In the learning and skilled groups, the 
mu rhythm suppression increased significantly from 
the pre-test to the acquisition test period, and this in-
crease was significant up to the retention period. In the 
self-modeling group, no significant difference was ob-
served between the three experimental periods in the 
rate of mu rhythm suppression. 

In the present study, one of the crucial variables of ob-
servational learning, namely the type of model was ad-
dressed. The effect of self-modeling, skilled model, and 
learning model on the acquisition and retention of golf 
putting skills was investigated. The results showed that 
all three groups had a significant improvement in this 
skill, although a significant decrease was observed in the 
retention test. Among the three groups, the self-model-
ing group had more progress than the other two groups, 
so that a significant difference was observed between 
them in both the acquisition test and the retention test. 
However, no significant difference was observed be-
tween the skilled model and the learning model groups 
at either stage. One of the results of this study was the 
significant effect of self-tuning on the acquisition and 
retention of golf putting skills. Because this modeling 
method was better than the other two methods, both in 
the acquisition test and in the retention test. This result is 
consistent with the results of other studies, such as Onate 
et al. (2005) ; Clark and Ste-marie (2007). These results 
are theoretically consistent with several perspectives. 
One of the critical theories about the optimal effect of 
self-modeling on learning is Bandura’s cognitive-social 
theory. From the point of view of this theory, a critical 

factor in vicarious learning is the similarity of model and 
observer; in this way, the more similar the observers are 
to the models, the more appropriate the actions of the 
models are for themselves. Also, according to this theory 
of model and observer similarity, the processes of atten-
tion and retention, which are part of the basic stages of 
observational learning, are strengthened, which is ben-
eficial for learning through observation (Schunk, 2012). 
Therefore, it seems that in this study, self-modeling, 
which has the highest model-observer similarity and has 
led to better learning than the other two methods, has 
benefited from the similarity advantages mentioned in 
Bandura’s theory. According to Clark and Ste-Marie’s 
opinions, individuals by observing their performance 
engage in mental processes, such as performance assess-
ment, which is useful for learning. Golf putting findings 
are consistent with Zimmerman’s theory of self-regu-
lation, which states that psychological structures such 
as self-efficacy and other self-regulatory processes are 
triggered by the observation of mastery experiences. Ac-
cording to this theory, self-modeling is effective in self-
regulation. Self-regulation also leads to improved self-
satisfaction, which in turn has a positive effect on other 
self-regulatory processes, such as intrinsic motivation 
and self-efficacy, leading to better performance (Clark 
& Ste-Marie, 2007). Therefore, it seems that observing 
the performance and progress in golf putting skill in the 
participants of the self-modeling group, has led to more 
belief in the ability to perform this skill, as well as in-
creased task interest and motivation, and ultimately led 
to better learning.
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Given that mu rhythm suppression in the C3, C4, and 
Cz regions indicates the activity of mirror neurons in the 
sensory-motor cortex, these results can be translated into 
observational learning language, as follows:

When a motor skill learner is a beginner, by: 

1. Observing a beginner model, his/her mirror neurons 
become less active.

2. Observing a skilled model, his/her mirror neurons 
become less active.

3. Observing his/her performance, the activity of the 
mirror neurons becomes greater.

The critical result of this study was the different effects 
of three modeling methods (self, skilled, and learning) 
on the activity of mirror neurons in the pre-test period. 
As such, when participants were novice golf putting, 
only the mirror neurons of the self-modeling group were 
more active and no difference was observed between the 
skilled model and the learning model.

The section on the difference between the activity of 
mirror neurons in the skilled and learning models groups 
can be compared with some of the existing studies. This 
result is consistent with part of the results of the stud-
ies conducted by Calvo-Merino et al. (2004), Orgs et al. 
(2008), Kim et al. (2011) and Ashraf et al. (2019).

A part of Calvo-Merino’s study was related to the con-
trol group that observed both ballet and capoeira dance 
types. The results of this part showed no effect of the 
stimulus type (observing skilled ballet motion pictures 
and observing skilled capoeira motion pictures) on the 
mirror neuron activity of novice participants. This means 
that the participants had less mirror neuron activity when 
they saw the movements of the skilled people. In a simi-
lar study but with a different instrument, namely the 
recording of the brain electrical waves, Orgs et al also 
found that suppression of mu rhythm was less effective in 
non-skilled observing dance movements. Kim et al. also 
found that the novice archery participant’s mirror neuron 
activity was lower while observing skilled archers.

The reason for the lower activity of mirror neurons at 
this period can be attributed to the participant of motor 
repertoire by observing the skillful and learning model 
consistent with the mentioned studies. In this regard, evi-
dence shows that the only actions that are involved in our 
motor repertoire affect the activity of the mirror neuron 
system (Stevens et al., 2011).

It has also been suggested that the activation of the mir-
ror neuron system is related to the degree of adaptation 
between the observed actions and the observer’s motor 
capability (Kim et al., 2011). Observing a model affects 
the activity of the mirror neurons when the observer 
finds a similarity between the observed model’s execu-
tion and motor capability.

Therefore, it seems that participants in the skilled and 
learning model groups had less mirror neuron activity 
due to the lack of model-driven movement in their motor 
repertoire. In other words, because they were not profi-
cient in the golf putting skill and had not yet learned the 
skill, the mirror neurons were also less active.

A very significant result from the pre-test period was 
more suppression of mu rhythm in the self-modeling 
group. Several studies can be more or less associated 
with this result. For example, Gastaut and Bert (1954) 
reported that when a person sees himself on the screen, 
the mu rhythm is blocked. Also, studies have shown that 
mirror neurons were affected by their observation even 
though they did not record electrical waves in the brain.

Coulson et al. (2006a) by self-modeling technique, 
Coulson et al. attempted to improve the smile deficits 
after nerve paralysis in two participants and achieved a 
significant improvement after two weeks. Seeing one-
self smile on the videotape may guide mirror neurons 
to facilitate imitation. Coulson et al. (2006b) conducted 
another study with 10 participants with the same aim 
and method and achieved similar results, such as im-
proved response speed, smile quality, and so on. In the 
mentioned study, participants’ smiles were automated 
as a result of the self-modeling intervention and it was 
stated that the possible explanation for the rapid acqui-
sition of this skill is the activation of mirror neurons. 
In another study, Oberman et al. (2008) examined the 
modulation of mu suppression in autistic children and 
the control group in response to familiar and unfamiliar 
stimuli. The results of this study revealed that mu sup-
pression is sensitive to the familiarity of the presented 
films. This means that the suppression of the mu rhythm 
was more pronounced during observing a familiar hand 
compared to an unfamiliar hand. Also, with his hand, the 
suppression of the mu rhythm increased. Thus, it seems 
that the mirror neuron system is not only the neural basis 
of observational learning but also the fundamental pro-
cess of self-modeling. These results are consistent with 
the results of the present study that by self-observing in 
the pre-test period, the activity of the mirror neurons is 
increased.
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These results are theoretically related to part of Ban-
dura’s cognitive-social learning theory. According to this 
theory, the more alike observers are to the models, the 
more likely observers will consider similar actions ap-
propriate for them to execute. Besides, model-observer 
similarity results in enhanced observation and retention 
processes of observational learning, which in turn in-
creases the benefits of learning through the observation 
process. According to this theory, the highest model-ob-
server similarity occurs when a person is a model him-
self (Schunk, 2012). Therefore, it seems that this is what 
happened in the present study in the pre-test period. In 
other words, the participants in the self-modeling group 
paid more attention to the model (themselves) than the 
other two groups by observing themselves during golf 
putting skills.

As mentioned, the activity of the mirror neurons in ac-
quisition and retention periods was not significantly dif-
ferent between the three experimental groups. In other 
words, no difference was observed in the mirror neuron 
activity when the participants became somewhat profi-
cient in golf putting and saw different models. This result 
is consistent with the literature on mirror neurons. Cat-
taneo and Rizzolatti, 2009 have stated that the activity 
of the mirror system is related to the observer’s motor 
experiences of a given action. In other words, when the 
observer has a motor experience from the observed mo-
tion, the mirror neurons are more active. Also, evidence 
shows that observing the motor actions present in the 
observer’s motor repertoire leads to a stronger activation 
of mirror neurons compared to observing new motor be-
haviors (Gazzaniga, 2009). Kim et al. also suggested that 
the activation of the mirror neuron system is related to 
the degree of adaptation between the observed actions 
and the observer’s motor capability (Kim et al., 2011). 
That is when observing a model affects the activity of 
the mirror neurons when the observer finds a similarity 
between the observed model’s execution and its capabil-
ity. These principles are consistent with the results of the 
present study and are part of the results of the studies 
conducted by Calvo-Merino (2004), Orgs et al. (2008), 
and Kim et al. (2011). 

Therefore, based on the principles mentioned and as 
our results reveal, it can be concluded that the partici-
pants in acquisition and retention periods are somewhat 
proficient in golf putting skills, and therefore the activity 
of mirror neurons in the motor-sensory area is increased. 
In other words, after six sessions of training, the golf 
putting skill have been learned and become part of their 
motor repertoire and they have found a great similarity 
between the performance of the skilled model (skilled, 

self-skilled, novice model that turned to skilled) and 
their ability to perform the same movement. As a result 
of this similarity, the activity of mirror neurons has also 
increased. The other part of the acquisition and retention 
periods finding is related to a significant increase in mir-
ror neuron activity from the pre-test to the acquisition 
and retention periods, although this increase occurred in 
the skilled and learning model groups. In other words, 
the pattern of mirror neurons’ activity has changed along 
with the learning of golf putting skills. Studies in this 
area have involved the learning process by measuring 
the activity of mirror neurons; therefore, it would be 
very useful to compare their results with the results of 
the present study. Cross et al. (2006) showed that mirror 
neuron activity increases with the learning of new dance 
sequences. Cross et al. (2008) also found that after the 
training period, participants’ brain activity in the mirror-
related regions increased as they observed or saw se-
quences they performed. Nakano et al. (2013) concluded 
that in the five-trial practice of the ball-rotation task, 
suppression of mu rhythm in the last attempts increased 
and performance improved. These results are consistent 
with the results of our study. The results of these studies 
along with the results of studies on the theoretical foun-
dations of mirror neurons are interpreted as the plasticity 
of the mirror system. This means that the mirror system 
is modified by motor experiences (Gazzaniga, 2009). 
Therefore, based on such backgrounds and theoretical 
foundations, we can also deduce from this study that six 
sessions of 60 observing and physical training trials of 
golf putting skill can result in a sufficient experience in 
the mentioned skill and this experience can result in plas-
ticity and more activity of mirror neurons.

Looking at the results of the two behavioral (golf put-
ting actions) and neuroscience (mu rhythm suppression) 
sections of golf putting skill learning with three differ-
ent model types, a critical point emerges. This new result 
in the field of mirror neurons is accompanied by more 
activity of mirror neurons in the pre-test period in the 
self-modeling group with better learning in this group 
than the other two groups. As reported, the self-modeling 
group had learned better the golf putting skills and it was 
associated with more mirror neuron activity in the pre-
test period. It is logical to claim that it occurred during 
the acquisition period or at least during the first few ses-
sions of the acquisition period. This means that during 
the acquisition period and model observation between 
the blocks of physical training, mirror neurons were 
more active than the other two groups.
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Theoretical backgrounds of the studies of mirror neu-
rons suggest that when individuals are novices in the ob-
served motor skills, mirror neurons are less responsive. 
In contrast, the level of mastery is highly influenced by 
the activity of these neurons, and with the increase of 
mastery, the activity of these neurons also increases. As 
a result of these comparisons, we concluded that this in-
formation is inconsistent with the crucial result of this 
study. On the other side, the results of modeling studies 
are mainly in favor of self-modeling. The results are also 
theoretically supported by several neurological (Holmes 
& Calmels, 2008) and psychological studies (Bandura’s 
cognitive-social learning theory and Zimmerman’s self-
regulation theory). Most importantly, the results of the 
present study are consistent with these results and theo-
retical foundations, a crucial issue that has not been ad-
dressed from the perspective of mirror neurons.

5. Conclusion

These results are distinct from the studies that focus on 
already combined psychological (model-observer simi-
larity in Bandura’s theory) and mirror neuron perspec-
tives (the influence of expertise level on the activity of 
these neurons) and can be interpreted as an “overcoming 
model-observer similarity on level of expertise”. This 
means that due to more model-observer similarity, the 
participants in the self-modeling group have more mir-
ror neuron activation despite lacking mastery in early 
periods. This may be due to more attention to this group 
or factors, such as triggering structures, such as self-
efficacy and task interest (though none of these were 
examined).

Also, since the anatomical locations of the C3, C4, and 
Cz electrodes are related to the supplementary motor 
area and sensory-motor area and their activity is related 
to the mirror neurons, the supplementary area has a me-
diating role in the communication in the different parts 
of the mirror system. Based on the results of the present 
study, these areas were more involved in the self-model-
ing group in the early periods of golf skill training which 
ultimately benefited this group’s learning. The results 
of this study can have critical training considerations in 
motor learning, especially observational learning. These 
results can provide strong evidence for this crucial vari-
able in motor learning and more specifically in observa-
tional learning that “who” is the most useful model for 
observation and can highlight the role of model-observer 
similarity in observational learning.
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