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Abstract— Motor Imagery (MI) is the mental simulation of 
motor tasks and its execution may recover a motor planning in 
the central nervous system. The purpose of this study was to 
analyze the changes along trials of Motor Imagery (MI) in Kin-
esthetic (KMI) and Visual (VMI) modalities. The casuistry ini-
tially consisted of 15 right-handed male volleyball athletes (AG) 
and 18 non-athletes (NAG). By previously applying MIQ-R, 3 
subjects from NAG were dismissed of the study due to their low 
questionnaire score. Both groups performed 30 trials of KMI 
and VMI of spike volleyball movement, intermixed with mental 
countdown (REF). The t-test (α = 0.05) resulted in similar MIQ-
R mean scores for both groups, although AG demonstrated 
greater facility to imagine the volleyball task than NAG. Each 
EEG free-artifact signal was subdivided in three sequences (S1, 
S2 and S3) with 8 epochs each. Wilcoxon paired tests (α = 0.05) 
of the EEG power spectrum in the vicinity of alpha peak (ABP) 
suggests habituation during initial trial (S1) mainly for athletes. 
The comparisons between REF and KMI using the spectral F-
test (SFT with α = 0.05) indicates the left occipital (athletes) and 
parietal (non-athletes) sites as those in which SFT>SFTcrít. Based 
on such results, one can conclude that the KMI modality pro-
motes more cortical changes than VMI, particularly for non-
athletes. These findings suggest a different learning process of 
MI execution of repetitive sequences, related to previous knowl-
edge of the real task. 
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I.   INTRODUCTION  

The Motor imagery (MI) is the technique of mentally 
simulating a motor action, without the real execution of 
such movement[1]. It is already well established that mental 
training using MI can improve muscular force[2] and motor 
performance[3,4], constituting an important method to re-
cover neuro-muscular disabilities[5]. Many techniques have 
been used to assess physiological changes during MI. One 
of them, the electroencephalogram (EEG), extensively ap-
plied in research of Brain Computer Interfaces[7], has the 
advantage of being a non-invasive technique which offers a 
good temporal resolution[6]. 

Usually, the cerebral activity investigation with MI para-
digms in frequency domain is based on the mean power in 

EEG frequency bands[8-10], mainly in alpha band (8-
13 Hz). The alpha activity may differ inter-individually 
according to inheritance[11], age[12], gender[13] and cog-
nitive state[14]. This variation is more pronounced at the 
frequency where the maximum power contribution occurs, 
so called the alpha band peak (ABP). 

There are basically two modalities do MI: the Visual Mo-
tor Imagery (VMI), which corresponds to one imagining 
himself executing a motor task as an spectator, and the 
Kinesthetic Motor Imagery (KMI), which generates sensa-
tions about the body position and joint movements[8]. 
Moreover, some studies have concluded that there is an 
association between cortical responses and different MI 
modalities[10,14]. 

Since the works concerning MI paradigm do not consider 
the inter-individual differences and previous knowledge of 
motor action, we hypothesize that athletes with previous 
knowledge of a complex motor action will execute the corre-
spondent MI more easily than non-athletes. Such difference 
in MI performance would be reflected as changes in the fre-
quency domain, more specifically in ABP of parietal and 
occipital areas, when a sequence of complex MI task is exe-
cuted several times. Hence this work aims at investigating the 
existence of differences in alpha band power, focusing the 
frequencies around the alpha peak, during sequences of MI of 
the spike volleyball movement in athletes and non-athletes. 

II.   MATERIAL AND MEHOTDS 

A.   Casuistry 

The casuistry consisted of 15 indoor-volleyball athletes 
(age 22.7 ± 2.3) (AG) and 18 subjects (age 27.3 ± 4.1) 
without experience in this sport (NAG). All volunteers 
signed a consent form containing the description of the 
purpose of the study and indicating the anonymity of the 
participants, answered a personal information questionnaire 
about athletic history, and indicated no neurological disturbs 
nor the use of drugs that could affect the cognitive perform-
ance. All subjects of both groups were right-handed males. 
This study was submitted and approved by ethical commit-
tee and the tests were carried out in the Laboratory of  
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Cerebral Mapping and Motor Sensory Integration (Psychia-
try Institute) and the Laboratory of Image and Signal Proc-
essing (Biomedical Engineering Program) both from Fed-
eral University of Rio de Janeiro. 

 
B.   Data Acquisition 

Before carrying out the protocol, the Revised version of 
Movement Imagery Questionnaire[15] (MIQ-R), concern-
ing body movements and their respective motor imagery in 
kinesthetic and visual modalities, was applied (version in 
Portuguese) to ensure that all subjects could see or feel 
mental images with a minimum of clearness. As exclusion 
criterion, the sum of scores in each imagery subscales below 
15 yielded the exclusion of 3 subjects from NAG. 

A 5-min video was played on a monitor for all subjects 
before the acquisition, showing the scene of an expert vol-
leyball athlete during execution of several trials of spike 
volleyball movement task in different points of view, in 
order to demonstrate the attack movement. 

The EEG signals were acquired according to the 10-20 in-
ternational system[16] with BNT-36 electroencephalograph 
(EMSA – Rio de Janeiro), previously filtered with an anti-
aliasing of 100 Hz and high-pass of 0.1 Hz, and sampled at 
240 Hz (using digital 60 Hz notch filter), in three different 
conditions: reference condition (RC), kinesthetic motor im-
agery (KMI) and visual motor imagery (VMI). RC was com-
posed of free mental countdown started at number 1000  
during 90 s and was registered preceding MI conditions and 
in the final of experiment. KMI and VMI conditions have 30 
target MI trials of volleyball spike randomly intermixed with 
20 trials of hand clapping in kinesthetic and visual motor 
imagery respectively. The start of each trial was triggered by 
a beep with one of two tonalities to indicate the task to be 
imagined (volleyball spike or hand-clapping), preceded by a 
preparation beep presented 2 s before. This procedure was 
applied to avoid the subjects to anticipate the MI executions 
before the trigger sounds. After the end of KC and VC all 
subjects indicated the imagery clearness of each condition 
block using the respective MIQ-R subscales. 

The acquired signals were segmented into 5-s epochs 
synchronized with the start trigger of KMI and VMI. The 

artifacts were removed by means of an adapted algo-
rithm[17], resulting in 24 artifact-free epochs. In order to 
assign changes in ABP along epochs, the set of 24 epochs 
was sequentially divided into three segments (S1, S2 and 
S3) with 8 epochs each one and the periodogram technique 
was implemented with epochs equally subdivided in five 
windows of 1 s (spectral resolution of 1 Hz). Aiming at 
minimizing the inter-individual alpha peak variability (fre-
quency of maximal contribution of band power), the power 
was calculated within a narrow band of 2 Hz (ABP) cen-
tered in alpha peak. The results of multiple Wilcoxon 
(paired, non-parametric) tests (α = 0.05) are shown in the 
Table 1 and indicates changes in ABP during initial epochs. 
Hence, the 8 first epochs of each experimental block for all 
electrodes were eliminated from subsequent signal analysis. 

To check differences between MI modalities and groups 
of the signals, the spectral F-test (SFT) has been imple-
mented. The SFT(f) is a statistical test that compares the 
PSD of two distinct signals, specifically their power contri-
bution in each frequency. Considering two Gaussian and 
independent signals x[t] and y[t], and their respective PSD 
Pxx(f) and Pyy(f), where Mx and My are the numbers of ep-
ochs, the SFT(f) is expressed as[18]: 
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where )(~ fX m  and )(~ fYm  correspond to PSD of the m-th 
epoch. From equation 1, the SFT(f) has 2Mx, 2My  degrees of 
freedom. Hence, the null hypothesis (H0) of equality of the 
power in some frequency can be assessed with the critical 
value of SFT(f), described in other study[17] and defined as: 

 
α,2,2 MMCrit FSFT =  (2) 

 
where M = Mx = My and α is the level of significance. Ap-
plying this on the 16 epochs (5 windows each) of EEG, then 

 KMI   VMI 
 Athletes Non-athletes   Athletes Non-athletes 
 S1 x S2 S1 x S3 S2 x S3 S1 x S2 S1 x S3 S2 x S3  S1 x S2 S1 x S3 S2 x S3 S1 x S2 S1 x S3 S2 x S3 

O1 0.0479* 0.2293 0.4573 0.3591 0.4212 0.3894  0.3591 0.0256* 0.2293 0.0833 0.1876 0.8469 
O2 0.0730 0.0833 0.1070 0.1688 0.5614 0.1876  0.1070 0.1514 0.4543 0.1070 0.5245 0.8040 
P3 0.0215* 0.0256* 0.1688 0.8469 0.9341 0.1354  0.4543 0.0637 0.1876 0.5995 0.7197 0.3028 
P4 0.0946 0.0479* 0.1688 0.0054* 0.8040 0.1070  0.0413* 0.0637 0.4543 0.5245 0.2524 0.5245 

Table 1 p-values of Wilcoxon tests comparing the ABP between sequences during kinesthetic and visual motor imagery condition for all electrodes. The [*]
indicate the comparisons where p < α 



Investigating the EEG Alpha Band during Kinesthetic and Visual Motor Imagery of the Spike Volleyball Movement 43
 

  
 IFMBE Proceedings Vol. 29  

 

M = 80, and considering α = 0.05 3045.1=CritSFT  
( 4018.1=CritSFT  after the Bonferroni correction). MIQ-R 
scores and vividness during experiment were analyzed with 
simple (inter-groups) and paired (intra-groups) Student t-
test (α = 0.05). The differences in ABP between S1, S2 and 
S3 were assessed using the Wilcoxon (paired, non-
parametric) test (α = 0.05). 

III.   RESULTS 

While the t-test indicated no statistical differences in 
MIQ-R mean scores between groups or MI modalities, the 
comparison of volleyball MI cleareness indicated that ath-
letes imagine themselves more clearly than non-athletes 
during the MI of volleyball attack (p groups) as appointed 
in the Table 2. The intra-group comparison (p modalities) 
indicated no significant differences in clearness between MI 
modalities for both groups. 

Observing the Figure 1, one can notice the differences in 
the frequency of alpha peak between the power spectrum of 
non-athlete #9 (11 Hz) and the athlete #1 (10 Hz). Changes 
in ABP occurred between RC, KMI and VMI. These altera-
tions are presented in gray areas of (a) and (c), whilst statis-
tically significant differences (α = 0.05) based on the results 
of the respective SFT(f) are shown in (b) and (d). 
 

 

Fig. 1 Power Spectral Density (in arbitrary scale of power) and SFT(f) 
from non-athlete #9 [a,b] and athlete #1 [c,d] both in O1 site. The horizon-
tal thin line is the SFTcrit and the thick one is the SFTcrit with Bonferroni 
correction to ABP (grey areas) 

The percentage of subjects where SFT > SFTcrit in the 
comparison between the three experimental conditions for 
AG and NAG is summarized on the Table 3. It is possible to 

observe a great number of subjects with significant differ-
ences in O1 of athletes. In parietal sites of non-athletes the 
comparison between RC and KMI and between KMI and 
VMI also demonstrates a high number of subjects with 
power differences. 

Table 2 Mean scores, statistical analysis inter groups and inter modalities 
of MIQ-R and MI cleareness of Spike Volleyball  

MIQ-R MI Cleareness 
 KMI VMI p modalities    KMI VMI   p modalities
AG 21.73 23.67 0.22  6.00 5.60   0.25 
NAG 20.79 21.14 0.84  4.20 4.47   0.63 
p groups 0.53 0.10   <0.01 0.04  

 

Table 3 Percentage of subjects where SFT>SFTcrit in ABP, comparing the 
three experimental conditions to both groups 

 Athletes Non-athletes 
 REFxKMI REFxVMI KMIxVMI REFxKMI REFxVMI KMIxVMI 

O1 80,0 66,7 46,7 73,3 66,7 66,7 
O2 73,3 60,0 60,0 66,7 53,3 73,3 
P3 73,3 66,7 66,7 86,7 73,3 86,7 
P4 73,3 53,3 60,0 80,0 53,3 80,0 

IV.   DISCUSSION 

The MIQ-R is composed of real execution and mental 
simulation in kinesthetic and visual MI of motor tasks such 
as bending and extending the knee in stand position and 
complex movement like jumping with both hands up, which 
is similar to some part of volleyball spike movement. Con-
sidering that MIQ-R have unfamiliar movements for both 
groups, there is no significant difference in MIQ-R scores 
between them. Nevertheless, the AG scores were slightly 
higher than those for NAG. Since a high level of motor skill 
is demanded from athletes when executing the volleyball 
movements during the real training sessions and matches, 
when compared with unexperient subjects (who declared to 
perform no complex task in their quotidian life), an increase 
in the number of subjects may statistically confirm that 
athletes tend to be better imaginers than non-athletes. Dur-
ing the experimental MI blocks, significant differences were 
found in clearness score of MI modalities of spike volley-
ball movement, statistically stronger in KMI, with athletes 
imagining more easily than non-athletes. This response is 
presumably because volleyball athletes execute this specific 
movement exhaustingly, which implies in a solid planning 
of the motor action. 

Regarding the time evolution of the study, no significant 
differences have been found between segments S2 and S3 in 
any derivation neither in any group. Although there were 
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cases (derivations or groups, in both MI modalities) where 
no difference in ABP could be inferred throughout the 
whole experiment, whenever a difference has been achieved 
it occurred between S1 and S2 or between S1 and S3. This 
finding, although is not confirmative, at least suggests some 
level of habituation in the beginning of the experiment, 
more pronouncedly in athletes. It could be interpreted as a 
learning process along the sequences of MI, which become 
easier to execute, specifically in the subjects, who have long 
experience in real practice of the imagined task. 

The spectral F-test (α = 0.05) of subsequent trials ap-
pointed a great number of subjects who showed 
SFT > SFTCrit in left occipital site for athletes and left parie-
tal sites for non-athletes in the comparisons between REF 
and KMI. This modality of MI promotes more cortical 
changes than VMI specifically for non-athletes as appointed 
in similar study[8], since the non-athletes have not yet re-
trieved the planning of the volleyball spike movement. 

V.   CONCLUSIONS  

According to these results, the sequential execution of 
motor imagery of complex tasks, such as the volleyball 
spike movement, promotes changes in occipital and parietal 
areas differentially in kinesthetic and visual modalities, 
exhibiting a temporal adaption of the responses, which may 
indicate a habituation caused by the learning process of 
motor imagery. Such process occurs more quickly with 
athletes than with non-athletes, and is reflected by the mean 
alpha power (within the vicinity of alpha peak), which is 
associated to the knowledge of real task execution and the 
modality of motor imagery executed. Further studies using 
different statistical techniques and protocols to analyze the 
behavior of alpha power during motor imagery must be 
conducted in order to support these results. 
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