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Abstract

The aim of this study was to investigate the effect of neurofeedback (NFB) and motor
training (MT) on the learning and consolidation of procedural motor performance in
novice adolescents. 44 elementary students (mean age 12.1 £0.6), who had no access to
smart devices, were selected as the sample of the research, and then were randomly
assigned into four groups; NFB, MT, NFB+MT and control. The implementation of the
study included six stages: first baseline, pre-test, intervention (NFB included a 30-minute
single-session of alpha suppression on the C4 region for NFB and NFB+MT groups. MT
by using 6 blocks of Pursuit Rotor Task (PRT) for NFB+MT and MT groups), secondary
baseline, post-test and consolidation test, respectively. Stages 1-5 were done in one day
but last stage (learning consolidation test) was conducted 48 hours after the rest period.
Participants were right-handed and performed PRT in inverted mode with their non-
dominant hand. One-way repeated measures analysis of variance (ANOVA) was used to
analyse the data. The results showed significant difference between the performance of
NFB and MT (P=0.010), NFB and NFB+MT (P=0.044), MT and Control (P=0.022)
groups, but the difference between MT and NFB+MT (P=1.000), NFB+MT and Control
(P=0.90), and NFB and Control (P=1.000) groups was not significant.

The present findings showed that the alpha suppression in C4 had no significant effect on
learning and consolidation of unfamiliar and non-automatic motors in novice adolescents
but motor training can be an effective way for these people in the first stage of their
learning.
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Extended Abstract

Background and Purpose

Motor learning is a wide spectrum of events, including relatively low-level
mechanisms for maintaining motor grading, to high-level cognitive decisions
about how to act in a new situation, and which aspect of theoretical and
experimental is of interest to psychologists and neuroscientists (1). This gradual
process of acquiring new skills through repetitive practice is called procedural
learning (2, 3). Review of literature indicated that motor and neurofeedback
trainning have affected in acquiring such skills (4-8). Neurofeedback trainning
usually uses sensory-motor rhythms or alpha wave suppression in region C4 to
improve performance, which is the control center of procedural motor learning in
the brain (8, 9). The aim of this study was to investigate the effect of
neurofeedback (NFB) and motor training (MT) on the learning and consolidation
of procedural motor performance in novice adolescents.

Materials and Methods

This study is an applied, quasi-experimental research with pretest, posttest,
follow-up and control group. The target population included 11-13-year-old male
and female students studying in Ardabils primary schools in 2020-2021 academic
year. 44 participants (mean age 12.1 £0.6), who had no access to smart devices
and right dominant were selected as the sample of the research, and then were
randomly assigned into four groups; three experimental groups: NFB (n = 12),
MT (n =10), NFB + MT (n = 12) and a control group, (n = 10) were selected by
multistage cluster sampling method. Subjects participated in the research
voluntarily. The consent form and self-declaration questionnaires were completed
and signed by the parents which was approved by the local Ethics Board (Urmia
University). Participants had normal vision but no learning disabilities,
neurological disorders, and no prior familiarity with pursuit rotor task (PRT) and
NFB trainning.

The study consisted of six phases: 1) Recording the baseline alpha wave at C4
site. 2) Performing block 1 of PRT by undominant hand (left) with the mouse
normally mode, in order to familiarity with the PRT then performing block 2 with
undominant hand (left) with the mouse in reverse, as a pre-test; 3) Interventions:
a) Trainning of NFB (suppression of alpha wave in C4 site) for two NFB and
combination (NFB+MT) groups in 30-minute single-session, b) Motor training
including 3-8 blocks (six trials per block) of PRT (in this stage control group
received no intervention). 4) Re-recording the EEG at C4 site. 5) Performing
block 9 of PRT as a posttest (with a ten-minute break from the previous stage;
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And 6) Performing block 10 of PRT after 48 hours of rest from the previous stage
for all groups as a follow-up test.

Findings

In evaluating the effectiveness of neurofeedback (alpha wave suppression in C4),
one-way analysis of variance indicates that the difference between the groups in
the pretest was not significant (F=220.3, P=0.081). However, the differences
between the groups were significant in the post-test (F=390.4, P=0.09). Benfroni
post hoc test showed that the difference between control and NFB groups was
significant (p = 0.031) and the difference between control and combination groups
was significant (P=0.047) but the difference between the control and MT groups
was not significant (P=0.218).

One-way repeated measures analysis of variance (ANOVA) was used to analyse
of intergroup performance in different stages of evaluation. The results of
Kolmogorov-Smirnov test showed that the data had a normal distribution. The
highest mean scores of time on target (TOT) with the nondominant hand (left)
among the sample groups belonge to MT, NFB+MT, NFB and control groups,
respectively. In the study of the presuppositions of repeated measures analysis of
variance and marginal mean to examine the sphericity assumed of variables have
been investigated by Mauchly’s Statistical test, the results show no significant
difference (P=0.682, Mauchly’s w=0/981, Chi-square=0/765). That is, the
variance of the values of the dependent variable between the groups at each level
of the factor variable or groups is constant and equal. Therefore, the results
obtained from the sphericity hypothesis test were used in the time dimension
instead of other tests. (F=5/637, P=0.000). Comparing the means of the pairs
between the groups during the factors (pre-test, posttest and followup) according
to the number of subjects, the Bonferroni test was used. It can be seen that the
NFB and MT groups are significantly different (P=0.010). The two groups of NFB
and NFB+MT are significantly different from two others (P=0.044). But the two
groups of NFB and control were not significantly different from each other
(P=1.000). Moreover, the two groups of MT and NFB+MT were not different
from each other (P=1.000). Based on these findings, it can facilitate and
consolidate procedural motor learning of 11-13-year-old students by MT but the
effect of NFB training is not significant.
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Figure 1- Time on target in groups in, pre-test, learning, and consolidation

Conclusion

According to Holyoak (1991), expert performers were characterized in the
psychomotor domain as: (a) performing better than novices; (b) showing
progressively greater skill as a function of practice; (c) solving problems with
greater cognitive ease within their specific skill domain; and (d) exhibiting
relative automaticity of action. Other investigators have also advanced the notion
that the automation of skill in experts appears to enable movements with less
cognitive involvement and effort relative to those who are unpracticed (10).
Therefore, the novice learners were no successful by NFB. In addiotion, based on
the neural efficacy theory (Del Percio, 2009), which states that expert performers
perform the same action with less energy than novice (11); Based on this, it can
be found that novices in learning and performing procedural movements in the C4
region benefit from a higher alpha wave, and if this wave is suppressed by using
NFB training, it will weaken the learners' performance.

Keywords: Brain- Training, Alpha Rhythm, Human Movement, Adolescent,
Mental Recall
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Table 2- Descriptive Statistics for time on target within groups
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Figure 1- Change of alpha range mean before- after intervention session within
groups
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Table 3— MANOVA test within (blocks 1&?2) x groups
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Table 4- MANOVA test of hypothesis (repeated measure)

Hypothesis
Observed Effect i Erordf P df Value Effect
power  size N, Sl " »
Syl ols el SO0 ; TS ”

Pilla’s Blockx
0.971 0.241  0.001 80 6 0.481 trace group
ke 095X daay

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public Licen



\f.Y )LQ-? O O)Ln.a:) AT 099 GGAS)’ )L'Z.é) 104

or Slp sladle (Sle 5 90 @ 93 oS ) S uibly Jelow S B B (omn 5
3565 Joline g3l cnl oo (LS @l 28y 5 a4 T drse Gsal Loine Youg S 58
Loog, ey o Ay icia yolia Lusls g i (50 5 ;3200-0.765 Wl 5+-0.981 P-0.682)
2 093] 5l edslasnd mls nlpls w0g pln 5 b ooy S L sle ke pglans 51 S pm 50
Oy b @ollas o a8 )5 IS 4 lagyge;] ple glas plog am jo Mool s pnl) Cog,S
seiie 1 Jale uiie golaw (65138530 5 00l 3) o (25« By5 59,0 Sl gasl (s loline
1 Jale puite 1 (s lolinn 9051 55 (P=0.000 Fo 5.637) o o e s At

(P=0.000 F=8.474) 25,5 s 2% Lot oS 5 5,
(5 155b 5 LSl i) Lo bl s 5 aog,T et 15 aolor 9 & 30 sl sl
oo il i o )led Jgaz 50 o] gl a8 o eolil Sgyan (yge3l 5l b ogesl slows 4y axg5 b
Aaden b (oS 55 9 Suddg 5 09,5 99 5 9 (551 9 Sededg ol sleeg S a5 09h o0 ovalive e
bS5 5 &5 055 99 Oz 5 5SS 5 Sadds s 09,5 90 Lol caniils (g ol oglis
S sl s LSt (B z 695 (1) S s W zse S ) Seands s
slooold) g0 ojleds Jgaz 4 axxlye bl 009 glie b VY B VY lygel iils slag,
5SSl S 3 a1 655 0 15 8,5 ) Sl oot i o 5 (o
6,155 5 ST ) Soabg 58yt Sl 5 091 ol callis VY VY 550l il (slang, 5 ,>

Dg lolie o VW B VY 500l ils (glag, S

1. Sphericity

2. Mauchly’s Statistics
3. Sphericity Assumed
4. Linear

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public Licen



14 5100l 5 SlasST y (35 1> o poi 9 Sndgye il 2yolS 155

6100l 9 SlucST 903 Sy Sy 50 Wog ) 4ilgd (Glraumnlio -8 Jour
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