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Introduction: The present study aimed to investigate the effect of anodal and cathodal
brain tDCS and stimulus-response asynchrony on the backward-compatibility effect
(BCE) in conditions of acute mental fatigue.

Methods: The participants were 39 boys (20 to 24 years old). The instruments
included the informed consent form, the Edinburgh handedness questionnaire, the
dual reaction time instrument, the Stroop software, the visual analog scale to evaluate
fatigue severity (VAS-F), and the tDCS device. The participants in the pre-test were
tested in two conditions of non-fatigue and mental fatigue with a dual reaction time
instrument. The tests consisted of two three-choice visual stimulus-response (letters
and colors) with ten different stimulus onset asynchronies (SOASs). Then the subjects
were randomly assigned to three Anodal, Cathodal, and Sham stimulation groups.
The intervention consisted of four consecutive 20-minute sessions of tDCS
stimulation on the DLPFC area. One day and four days after the last stimulation
session, the tests were repeated. For inferential data analysis, Mixed Model ANOVA
and One-way ANOVA tests were used at a significance level of 0.05.

Results: The results showed that there is a difference between different SOAs in
response time to the first stimulus (RT1) which is a representation of backward
adaptation, and at lower SOAs, the RT1 is shorter. Also, there is a difference in RT1
at low SOAs between fatigued and non-fatigued conditions. However, the effect of
cathodal and anodal tDCS on RT1 was very small.

Conclusion: In general, the results showed that at least some central aspects related
to the response can be processed in parallel. Fatigue also affects this parallel
processing.
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Extended Abstract

Introduction

Recent studies have challenged the purely serial central
processing of tasks. According to a hypothesis, if the type of
stimulus-response is the same in two tasks, the presence of the
second stimulus-response causes interference and delay in the
response to the first stimulus (RT1); A phenomenon known as
the backward compatibility effect (BCE). This suggests that at
least some aspects of response-related central processing (such
as response activation) can occur in parallel. Mental fatigue is
a suboptimal psychological-physiological state that is caused
by cognitive activity and leads to a change in strategies. It is
necessary to use strategies to reduce the effect of fatigue,
especially in skills where speed of action plays a significant
role. In recent years, several studies have investigated the
effect of transcranial direct current stimulation (tDCS) to
control these types of interference. The present study aimed to
investigate the effect of anodal and cathodal brain tDCS on
backward compatibility in ten different stimulus-onset
asynchrony (SOAs) in non-fatigue and mental fatigue
conditions.

Methods

The current research was quasi-experimental with three
experimental groups and pre-test, post-test, and follow-up
design. The participants included 39 boys (age range: 20-24
years). The measurement tools included the multiple reaction
time measurement tool, the brain tDCS device (Neuro-Stim 2
model, made in Iran), the Stroop effect tool, and the visual
analog scale questionnaire to evaluate fatigue severity (VAS-
F). In the pre-test stage, the participants were tested in two
non-fatigue and mental fatigue conditions (induced by using
the Stroop test software for 30 minutes). The test consisted of
a quick response to two stimuli with different time intervals
(50, 75, 100, 150, 300, 400, 600, 900, 1200, and 1500 ms). The
first visual stimulus had 3 choices (English letters A, B, and
C). After a random SOA, the second stimulus, which was a 3-
choice reaction time visual stimulus of color (red, yellow, and
blue) was presented. In the following, participants were
randomly assigned to three anodal, cathodal, and sham
stimulation groups. In the intervention phase, all participants
participated in 4 consecutive tDCS sessions. In the anodal and
cathodal stimulation group, tDCS was applied to the DLPFC
region for 20 minutes in each session. No stimulation was
applied in the sham group. All participants were assessed one
day after the last stimulation session, and 4 days later in the
follow-up phase, similar to the pre-test phase. For inferential
analysis, the statistical methods of mixed ANOVA, and one-
way ANOVA with Bonferroni post-hoc test were used. The
significance level for the tests was set at 0.05. SPSS version
21 software was used.

Results

The findings showed that at low SOAs, the RT1 which is a
representation of backward compatibility, was shorter. The
shortest RT1 occurred at SOA of 50 and then 300 ms. Also, at
low SOAs, there was a difference in RT1 between fatigued and
non-fatigued conditions. In the pre-test and follow-up phase,
RT1 increased in fatigue conditions compared to non-fatigue
conditions; however, in the post-test stage, this value
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decreased after inducing mental fatigue. The effects of
cathodal and anodal tDCS on both responses to the first and
even the second stimulus were very small. There was a
difference in the effects of anodal and cathodal stimulation on
RT1 in fatigue and non-fatigue conditions. Anodal stimulation
in non-fatigue conditions did not have much effect on RT1,
while cathodal stimulation showed an improvement in RT1 in
both mental fatigue and non-fatigue conditions.

Conclusion

Due to the difference in various SOAs over RT1, at least some
central aspects of the response can be processed in parallel.
Fatigue also affects this parallel processing. The results at
higher SOA support Borger's model based on the response
summation phenomenon, which, unlike the bottleneck model,
predicts an increase in RT1 by increasing the SOA. However,
considering that RT1 also decreased with the decrease of SOA,
this can be considered due to the automatic arousal
characteristics of the second stimulus and not any processing
related to the second stimulus. This point confirms Posner's
model and is opposed to the BCE phenomenon. The effects of
cathodal and anodal tDCS were small. Perhaps the selectivity
of the nature of the reaction time and the dominance of the
effect of repeating the tests, due to the multiplicity of SOA
compared to the stimulation effect, have minimized the
difference between the groups. It is also possible that high
current density has led to increased excitability in cathodal
stimulation.
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