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Abstract
Purpose: This study aimed to investigate the effects of combining tRNS with exercise on brain
waves and the enhancement of temporal and spatial components in perceptual-motor task learning.
Methods: This semi-experimental research utilized a pretest-acquisition-posttest design. Based on

the literature review, 30 male students (mean age 22.62 = 62) were randomly divided into three
experimental groups (1- tRNS combined with motor training, 2- sham tRNS combined with motor
training, 3- motor training). Participants completed a movement task of drawing a circle in three
phases: pretest (10 trials), intervention (one day after pretest; 6 sessions with 5 blocks of 10
attempts each), post-test (one day after intervention, 10 trials). Each trial ended after drawing 20
laps of the circle. Data were analyzed using descriptive statistics, Shapiro-Wilk test for data
distribution normality, one-way analysis of variance with repeated measurements, Bonferroni
follow-up test, Kruskal-Wallis, and Friedman tests.

Results: Statistical analysis using SPSS software revealed that tRNS improved beta rhythm and
sensorimotor rhythm (SMR) power (P=0.001). Additionally, tRNS significantly reduced spatial
error and movement execution time (P=0.001). The effect of tRNS on movement time was observed
after six sessions, while the effect on spatial error was evident after three sessions.

Conclusion: The results suggest that tRNS is an effective approach to decrease movement errors,
enhance movement timing, and improve fine motor performance. Three training sessions with tRNS
were adequate to reduce spatial error, but more sessions were required to reduce temporal error.
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Effect of Training with Transcranial Electrical Stimulation ...

Extended Abstract
Background and Purpose

Numerous studies have shown that variability
in motor performance decreases with training
but never completely disappears (1). Part of
this variability is due to inherent movement
noise. Sensorimotor noise arises from noise
in perceiving a moving target, executing a
movement, and planning a movement.
Movement variability limits task accuracy.
The psycho-motor efficiency hypothesis
suggests that modifying and enhancing
communication processes in the cerebral
cortex reduces the complexity of motor
processes, leading to decreased variability,
prevention of non-task-related factors (such
as noise), and enhanced adaptability in motor
performance (2-5). In addition to optimizing
variability in the learning process, practice
and other factors influencing motor learning
should also reduce errors, spatial and
temporal variability. This is crucial because
behavioral performance is influenced by the
level of variability in execution and even
neural  variability, which should be
minimized. Specifically, variability in neural
firing patterns may result in behavioral
variability (6-9). Researchers are exploring
ways to reduce neural variability and adjust
motor behaviors accordingly. Recent research
utilizing non-invasive methods such as
neurofeedback and transcranial electrical
stimulation with random noise current (tRNS)
aims to enhance motor and neural
components, such as noise. These precise
methods, with minimal side effects, have the
potential to replace drug therapy and
traditional exercise methods. tRNS, a form of
Transcranial Electrical Stimulation (TES),

2

increases cortical excitability and facilitates
neural plasticity. It is a method used to
stimulate the motor cortex to enhance motor
performance (11-14). This study investigates
the effects of combining tRNS with exercise
on brain waves, and temporal and spatial
components in learning a perceptual-motor
task.

Materials and Methods
This study was a semi-experimental research

in terms of execution method and a
fundamental research in terms of purpose. It
employed a pre-test-post-test design. Thirty
male students (average age 22.62 years) were
randomly assigned to three experimental
groups (1- real tRNS with motor training, 2-
sham tRNS with motor training, 3- movement
training). The tools used included a touch
sensor screen, a light pen, a 5-channel
neurofeedback device, and a transcranial
direct electric current stimulation device.
Participants performed the motor task of
drawing a circle in three steps: pre-test (10
trials), intervention (one day after the pre-
test; 6 sessions consisting of 5 blocks of 10
trials; sessions were one day apart), post-test
(one day after the intervention, 10 trials).
Each trial ended automatically after 20 circles
were drawn. SMR and beta brain waves were
recorded three times to measure changes in
participants' brain waves during the sessions.
The behavioural output was recorded
numerically. The number of acceptable points
and speed of each circle were calculated to
evaluate and compare spatial and temporal
errors in tasks. The tRNS intervention for the
first group included 20 minutes of real
electrical stimulation with a frequency of 100
to 640 Hz and an intensity of 2 mA on the C3
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area in the primary motor cortex (M1). After
stimulation, subjects rested for 25 minutes
before performing the task. The second group
received 20 minutes of sham electrical
stimulation before task practice. The third
group only performed the task without
electrical stimulation.

Results
Statistical analysis using SPSS software

revealed that tRNS improved beta waves and
sensorimotor waves (SMR) (p<0.05). tRNS
significantly reduced spatial error and
movement execution time (p<0.05). While all
groups showed an increase in beta waves and
SMR power, the first group demonstrated
greater improvement in performance and
motor learning due to tRNS. The study results
indicated a significant effect of tRNS on
reducing spatial error and temporal errors in
the perceptual-motor task performance. The
group receiving real tRNS showed more
movement execution progress than the other
groups. tRNS affected movement time after
six sessions and spatial error after three
sessions. Three sessions of tRNS were
sufficient to reduce spatial error, but more
sessions were required to reduce temporal
error. The increase in beta waves and SMR
power in the first group suggested decreased
motor interference and enhanced
performance, aligning with behavioral data
analysis.

Conclusion
Based on these findings, it is recommended

that sports coaches, occupational therapists,
and musicians dealing with fine perceptual-
motor skills consider using tRNS as an
effective method to enhance performance.
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