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ABSTRACT | BACKGROUND: Transcranial direct current stimulation (tDCS) is a non-invasive neuromodulation technic that has 
been researched as a therapeutic alternative to reduce symptoms and improve cognitive functioning in many disorders, including 
autism spectrum disorder (ASD), a neurodevelopmental disorder in which functional changes are observed in some brain structures, 
damaging different areas of the individual’s lives. OBJECTIVE: To compare the effects of active and sham transcranial direct current 
stimulation during cognitive stimulation tasks training in children with an autism spectrum disorder. METHODS: A randomized, 
sham-controlled, double-blind, crossover clinical trial was conducted. Twelve children with ASD underwent ten cognitive training 
sessions combined with active and sham tDCS. Anodal tDCS was administered over the left dorsolateral prefrontal cortex (DLPFC). 
Executive functions and social cognition were evaluated before, after, and three months after (follow-up) the intervention. RESULTS: 
No differences were found in the effects between the two interventions. Considering the mean results before and after active 
tDCS, improvements were seen in the theory of mind function (pre-intervention: 14.58 ± 5.04; post-intervention: 17.08 ± 5.21 [d2 
= 0.51)]; follow-up: 16.92 ± 5.52 [d2 = 0.46]) and inhibitory control (pre-intervention: -1.31 ± 1.90; follow-up: 0.25 ± 1.14, d2 = 1.04). 
CONCLUSION: The administration of active tDCS over the left DLPFC during the training of cognitive stimulation tasks did not result 
in superior effects compared to sham tDCS combined with training in children with an autism spectrum disorder.  
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Introduction

Autism spectrum disorder (ASD) is a condition with 
a multifactor etiology and high incidence throughout 
the world that imposes substantial limitations. In the 
Diagnostic and Statistical Manual of Mental Disorders 
– Fifth Edition (DSM-5), this neurodevelopmental 
disorder is characterized by persistent, significant 
deficits in communication and social interaction in 
multiple contexts and restrictive, repetitive patterns 
of behavior and interest.1 Part of the symptoms is 
believed to be caused by significant impairments 
in social cognition skills, specifically regarding the 
Theory of Mind and emotional perception, as well 
as impairments regarding two indicators of the 
adequate development of social cognition: language 
and executive functions.2-6

The Theory of Mind (TOM) refers to a system of the 
arraignment of mental states of others and oneself. 
Mental states are individuals' thoughts, feelings, 
knowledge, desires, and beliefs. In turn, emotional 
perception branches into two groups: a more 
basic one that is related to the recognition of facial 
expressions and the recognition of emotions before 
non-facial cues, such as the interlocutor's voice tone, 
and another more complex group regarding both 
understanding and management of emotions.7,8

Executive Functions (EFs) are the cognitive skill set for 
maintaining our behavior and emotions and planning 
actions.9 The EFs mediate much of an individual’s 
daily activities, and their good development is 
significant for adaptive, socioemotional, and 
cognitive functioning.10,11 According to Miyake et 
al.12 and Diamond9, EFs have three core elements: 
inhibition (or inhibitory control), cognitive flexibility, 
and working memory.

Considering the limitations secondary to ASD, several 
behavioral therapeutic approaches analyzed in 
clinical trials have demonstrated promising effects 
in treating children with this condition.13-17 Cognitive 
and behavioral stimulation therapies are considered 
the basis of treatment for children with ASD15,18 to 
minimize clinical symptoms and well as the negative 
impacts on independence and social quality of life. 

In recent years, transcranial direct current stimulation 
(tDCS), which is a safe, effective, noninvasive 
brain stimulation technique, has been used in 
scientific production involving individuals with a 
diagnosis of ASD in different life cycle stages.19-27 
The administration of tDCS over a particular brain 
area exerts neuromodulatory effects. The effects 
on cortical excitability and neuroplasticity tend to 
promote improvements in cognitive-behavioral 
aspects, such as attention, learning, memory, 
communication, impulsivity, and decision-making.28-30 
The left dorsolateral prefrontal cortex (DLPFC) is 
considered a promising target area in the treatment 
of children with ASD due mainly to its essential 
involvement in cognitive control processes related to 
executive functions. 

Some findings applying tDCS in the DLPFC in the 
infant-juvenile population with ASD, for example, 
demonstrate promising effects, such as significant 
improvement in vocabulary and syntax tasks24, 
decrease in the CARS scale score, as in all domains of 
ATEC, except the language domain, seven days after 
active stimulation.19,31 Attenuation of symptoms of 
catatonia and behavior problems in a teenager with 
ASD.20 The reduction of ASD symptoms and the effect 
remained until six months after the intervention.23 
Electroencephalographic changes were also identified 
after the application of tDCS, such as increased 
network flexibility and inter-hemispheric connectivity 
in the active tDCS group concerning control. These 
findings suggest that anodic stimulation in DLPFC 
may induce changes in cortical excitability locally and 
globally.26

However, except for the study by Schneider and 
Hopp32, the other studies done in children so far 
investigated only the effect of tDCS on symptoms 
and behavior. In turn, studies with adults showed 
improvement in working memory25, increase in the 
social functioning index21 and better performance in 
verbal fluency tasks of emotion.21,22 

Thus, anodal tDCS over this region of the brain during 
the execution of cognitive-behavioral stimulation 
tasks is believed to enhance the effects of behavioral 
therapy, contributing satisfactorily to a reduction 
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in the disorder's symptoms and improvement in 
the global skills of the child. Therefore, the present 
study aimed to investigate whether ten 20-minute 
sessions of anodal tDCS administered over the left 
dorsolateral prefrontal cortex during the training of 
cognitive stimulation tasks would improve executive 
functions, social cognition, and language in children 
with ASD compared to the effects achieved with 
the administration of sham tDCS during the same 
behavioral intervention. 

Methods

A randomized, sham-controlled, double-blind, 
crossover clinical trial was conducted. This study 
received approval from the Human Research Ethics 
Committee of Universidade Federal de São Paulo 
(Brazil) (process number: 87656918.7.0000.5505). It 
was conducted according to the ethical standards of 
Resolution No. 466/2012 of the Nation Health Board. 
The study was registered in the Brazilian Clinical 
Trials Registry (REBEC) under number RBR-93wgtg. 
Written informed consent was obtained from the 
legal guardians and participants.

Participants

Twelve children participated in the study. All 
participants were diagnosed with ASD and underwent 
screening at the Interdisciplinary Children’s 
Neuropsychological Care Center of the Universidade 
Federal de São Paulo, Brazil. The inclusion criteria 
were a) a diagnosis of ASD confirmed by a pediatric 
neurologist using the criteria of the DSM-51; b) age 
six to 12 years old; c) enrolled in school; c) degree 
of understanding and cooperation compatible with 
the execution of the proposed intervention; d) a 
threshold of 30 or more points on the Childhood 

Autism Rating Scale25; e) authorization to participate 
in the study through a statement of informed consent 
signed by a legal guardian as well as a term of assent 
signed by the participant. The exclusion criteria were 
a) epilepsy; b) metal implant in the skull or hearing 
aids; c) other mental or neurological disorder beyond 
ASD (the exclusion criteria underwent through a 
neuropediatric assessment according to the DSM-5 
criteria); d) sensory or motor deficiency that limited 
the execution of the proposed procedures.  

Children who met the eligibility criteria were randomly 
allocated to begin participation in one of the two 
therapeutic interventions analyzed:

• Experimental intervention: cognitive stimulation 
tasks combined with anodal tDCS over the left 
dorsolateral prefrontal cortex;

• Control intervention: cognitive stimulation tasks 
combined with sham tDCS.

The allocation of the participants to the different 
interventions was determined using a simple 
randomization procedure. The results of the 
randomization procedure were stipulated on cards 
in sequentially numbered sealed opaque envelopes. 
After the pre-intervention evaluation, each participant 
was allocated to one of the interventions by opening 
an envelope. The allocation process was performed 
by a member of the research team not involved in 
the recruitment process or development of the study. 

As this was a crossover study, a three-month washout 
period was respected between interventions to avoid 
the carry-over effect (prolongation of the residual 
effects of the previous intervention). The definition 
of the washout period was based on previous 
studies with a similar study design as the present 
investigation.19,33

http://dx.doi.org/10.17267/2965-3738bis.2023.e4954
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The evaluation process (pre-intervention, post-intervention, and follow-up three months after the end of the 
interventions) was conducted on a single day for a maximum period of two hours. The evaluator was unaware 
of the study’s objectives and did not participate in the interventions. To minimize the learning effect on the tests, 
the pre-intervention evaluation took place 20 days prior to the onset of the intervention, resulting in a one-
month interval between the pre-intervention and post-intervention. Lots randomly determined the order of the 
evaluations. 

The outcome measures are described below.

To evaluate social cognition, specifically regarding emotion recognition and the Theory of Mind, we used two 
subtests of the emotional perception field from the neuropsychological evaluation battery NEPSY II. It is worth 
mentioning that it is a broad evaluation battery that includes 32 subtests divided into six areas. NEPSY II is a 
foreign instrument that has undergone a process of cross-cultural adaptation, validity, and reliability for the 
Brazilian population. Most subtests showed strong evidence of truth, content validity, evidence based on the 
response process, and construct validity compared to other instruments, such as the Wechsler Intelligence Scale 
for children. As for the proof of reliability, we applied several strategies to secure internal consistency and test-
retest stability. 

Legend: CONSORT, 2010, Flow Diagram.
Source: the authors (2023).

Figure 1. Displays the flowchart of the study 
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In the Theory of Mind subtest, reliability is higher 
in children with typical younger development since, 
from the age of 7, most children perform all tasks 
successfully. However, in clinical samples, as in the 
case of ASD, the test was more sensitive to capture 
procedural measures.

The choice for NEPSY was due to the lack of 
standardized instruments for the Brazilian population 
that measure social cognition. Although it is not a 
specific procedure for the evaluation of individuals 
with ASD, we consider that it is a valuable tool for 
evaluations whose objective is to compare the skill 
in question before the intervention. Following is the 
description of the subtests:

NESPSY II – Social Perception Domain – Affect 
Recognition subtest: This subtest aims to assess 
emotion recognition skills (based on facial 
expressions) in children and adolescents between 
five and 16 years of age. The subtest comprises 35 
items distributed among four different types of tasks 
with a progressive degree of difficulty. Each item 
has photographs of children expressing a primary 
emotion, such as joy, sadness, fear, anger, and 
disgust, along with a neutral expression.34

NESPSY II – Social Perception Domain – Theory of 
Mind subtest: This subtest evaluates the theory of 
mind function in children and adolescents five to 16 
years of age. The test is divided into two parts. The 
first part is the Verbal Theory of Mind, which has items 
that involve short stories and vignettes that narrate 
a situation experienced by a character, followed by 
questions to determine whether the respondent is 
able to attribute emotional states to the character. 
The second part regards the Contextual Theory of 
Mind, which has tasks presenting figures showing 
a situation and the respondent is asked how the 
character must be feeling based on the context. 
The items have a progressive degree of difficulty 
and encompass tasks based on different ToM 
paradigms, such as false belief, identification of 
emotions based on the desire and/or situation, 
second-order ToM, etc.34

For the evaluation of language, specifically, the ability 
to employ expressive vocabulary, we used:

Children’s naming test: This instrument evaluates 
vocabulary skills through the verbal naming of figures. 

The target population is children from three to 14 
years of age. The test comprises 60 items presented 
one at a time, and the respondent must name the 
item shown. One point is attributed to each correct 
answer. The total is the sum of correct answers, 
enabling the classification of the respondents 
according to the standard score for each age. The 
TIN showed good reliability and internal consistency 
considering a 636 children and adolescents’ sample. 
We found a coefficient of 0.97 Cronbach’s alpha 
and a Spearman-Brow coefficient of 0.96. Other 
psychometric measures, such as development data 
and relationships with other tests, were attractive to 
this population.35

Finally, to measure the inhibitory control and cognitive 
flexibility domains, which are part of the executive 
functions, we applied the Five Digit Test (FDT). The 
FDT is a standardized instrument for the Brazilian 
population, which aims to measure the speed of 
cognitive processing, evaluate the skills of focusing 
and alternating attentional focus (cognitive flexibility), 
and deal with interferences (inhibitory control). The 
psychometric properties of FDT for the Brazilian 
population were investigated in several groups of 
individuals, clinical and non-clinical. Overall, the FDT 
has good validity indexes (evidence of convergent 
validity, internal structure validity, correlation with 
other tests) and reliability (internal consistency). One 
can access more details in the instrument's manual.

We chose the FDT due to the need for a standardized 
instrument that evaluated executive functions and 
because it is a resource that can be used in individuals 
with low education, not needing to be literate (which 
was the case of some children in the sample). 
Following is the description of the test:

Five Digit Test (FDT): The FDT aims to evaluate cognitive 
processing speed and efficiency – specifically, the 
ability to focus one’s attention and switch to another 
focus according to an external cue, alternating 
between one rule and another (cognitive flexibility). 
This test also evaluates inhibitory control, as it is 
necessary to control the impulse of a more automatic 
answer in some test steps. The FDT consists of four 
different tasks. The first requires the reading of digits. 
Second, the respondent is asked to count the number 
of digits. The last two require alternating between 
reading and counting. According to the test’s authors, 
the first two steps require more automatic cognitive 
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processes, whereas the last two require greater 
cognitive control. At the end of the test, it is possible 
to calculate reading, counting, choice, and alternance 
metrics as well as the score of the two main domains 
(inhibition and flexibility). These domains constituted 
an outcome measure in the present study.36

Adverse events. After each session, a questionnaire 
was administered based on previously reported 
adverse events to assess the safety of tDCS.37

The researcher in charge of the sessions also asked 
the participants and guardians about the occurrence 
of any adverse symptoms between sessions.

Intervention procedures

The interventions comprised ten 20-minute sessions 
of tDCS (active or sham) administered over the left 
dorsolateral prefrontal cortex during the training of 
cognitive tasks. Sessions were held at a frequency of 
five times per week over two consecutive weeks. 

Transcranial direct current stimulation: tDCS was 
administered in ten sessions to facilitate behavioral 
changes by creating a neural network favorable to 
the environment. Stimulation was administered 
using the mobile DC-Stimulator (NeuroCom, 
Germany) with two sponge (non-metallic) surface 
electrodes (5 x 7 cm) moistened with saline solution. 
The anode was positioned over the left dorsolateral 
prefrontal cortex, following the 10-20 International 
Electroencephalogram System.31 The cathode was 
positioned over the right deltoid muscle. A current 
of 1 mA was administered to the left dorsolateral 
prefrontal cortex for 20 minutes during the cognitive 
stimulation task. The current was gradually increased 
to 1 mA in the first 30 seconds and gradually 
diminished in the last 30 seconds of the session. 

The same electrode placement procedure was 
used for sham stimulation, and the stimulator was 
switched on for 30 seconds to give the volunteer 
the initial sensation of stimulation. However, no 
current was delivered throughout the remainder of 
the session. This is a valid form of control in studies 
involving tDCS.

Cognitive stimulation tasks: Based on evidence in the 
literature that the effect of tDCS can be enhanced 
when combined with cognitive stimulation tasks.38,39 

The first aimed to stimulate emotion recognition skills, 
and the second involved odd situations and problem-
solving. Cards were used for the intervention, with 
the following questions: “What emotion is this?” and 
“Where is the odd thing?”.40,41

For the first part of the session were used 3 cards of 
the deck "What emotion is this?" which consisted of 
10 cards with names of emotions and 30 more cards 
with situations that expressed these emotions. The 
goal is for the child to associate the name with the 
equivalent feeling demonstrated in the letter. We 
also planned an adaptation to the game for children 
who needed to be literate. In this situation, we just 
requested the child to name the emotion he saw in 
the letter, not needing to associate the name with 
the figure. For each letter presented, the following 
questions were asked: 1. What is he (she) feeling?; 2. 
Why is he (she) feeling this emotion/feeling?; 3. How 
would you feel in this situation?

In the second part of the intervention, we used 
the deck "Where is the absurd?" which contains 
40 cards showing unusual situations that have 
something wrong. This activity aimed to verify if the 
child perceives what is uncommon in the image and 
if they can propose a solution to that situation. In 
each session, we used 4 cards from the deck, and 
each time we asked the following questions: 1. 
Where is the absurdity/ strange in the situation?; 2. 
Why is this absurd?; 3. What would be the correct/
appropriate way?

Statistical analysis

Intra-group and inter-group analyses were conducted 
to determine differences between evaluation times 
(pre-intervention, post-intervention, and follow-up) 
and interventions (active vs. sham tDCS). Generalized 
equations estimating (GEE) was used, which is a 
way to calculate the correlation between repeated 
measures of the same individuals. GEE is known 
as marginal models and can be considered an 
extension of generalized linear models, which directly 
incorporate the correlation between measures of the 
same sampling unit. Poisson distribution, a discrete 
probability distribution applicable to counts, was used 
in the models for all tests except the FDT. Gaussian 
distribution (linear regression for continuous data) 
was used for the FDT. 

http://dx.doi.org/10.17267/2965-3738bis.2023.e4954
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The choice of method was based on the type of sample (small) and type of study (longitudinal crossover design). In 
small samples, GEE has statistical power around 80% greater than repeated-measures ANOVA and is a preferred 
model for studies in medical fields or correlates in which the clinical conditions of the participants are altered 
during the intervention. 

Numerical variables in each group were expressed as mean and standard deviation. Cohen’s d was calculated as 
a measure of the effect size, and the significance level was set at 5%. The tables’ statistically significant results (p 
≤ 0.05) are bold. The R software (version 4.0.2) was used for all analyses.

The sample size and test power were obtained based on ANOVA with repeated measures (within and between 
individuals). The following assumptions were accepted:

• Type 1 error probability equal to 0.05;

• Effect size equal to 0.4;

• Test power (1 – probability of type II error) of 0.95;

• Number of groups equal to 2;

• Number of measurements equal to 4;

• Correlation between repeated measurements of the order of 0.6.

The sample size consistent with these assumptions is equal to n=14, according to the protocol provided by the 
G-Power software (version 3.1). On Figure 2, it is possible to notice the relationship (increasing) between the test 
power function and the sample size, so that the test power reaches 0.95 when obtaining a sample size slightly 
above n=12.

Source: the authors (2023).

Figure 2. Relationship between test power and sample size

http://dx.doi.org/10.17267/2965-3738bis.2023.e4954
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Results

Twenty-six children with a diagnosis of ASD were screened at the Interdisciplinary Children’s Neuropsychological 
Care Center of the Universidade Federal de São Paulo for the present study. Twelve of these children met the 
eligibility criteria and participated in the study. One child did not appear for the evaluation after the active 
intervention due to influenza, but appeared for the three-month follow-up evaluation. All other participants took 
part in all evaluations and intervention sessions. Table 1 displays the clinical characteristics of the participants. 

Table 1. Clinical characteristics of participants

Legend: CARS: Childhood Autism Rating Scale. M = medium; LM = lower medium; T = threshold; D = deficient.
Source: the authors (2023).

Side effects. No severe side effects were found; all side effects observed and reported were categorized as mild, 
tolerable and transitory according to the descriptions of the children and their guardians. Eight children in the 
experimental group and two children in the control group reported mild itching and one child described moderate 
itching during the administration of active tDCS. Six children reported a tingling sensation in the initial minutes 
of stimulation. There were two reports of mild headache – both several hours after the administration of active 
tDCS. Local redness was found in six participants, which had disappeared soon after the end of the administration 
of active tDCS. 

NESPSY II – Social Perception Domain – Affect Recognition subtest. Table 2 displays the means (standard deviation) 
and size effects for this variable at the different evaluation times considering the two interventions. The statistical 
analysis revealed no significant effects of the interventions in either the intra-group or inter-group comparisons. 

http://dx.doi.org/10.17267/2965-3738bis.2023.e4954


9

Brain Imaging Stimul., Salvador, 2023;2:e4954
http://dx.doi.org/10.17267/2965-3738bis.2023.e4954 | ISSN: 2965-3738

Table 2. Results of emotion recognition subtest (NESPSY II – Social perception domain) before and after experimental intervention and control intervention

¹Marginal models (GEE); ²Cohen’s d.
Source: the authors (2023).

¹Marginal models (GEE); ²Cohen’s d; ToM = theory of mind.
Source: the authors (2023).

NESPSY II – Social Perception Domain – Theory of Mind subtest. In the intra-group analysis of the experimental 
intervention, significant differences were found for the verbal Theory of Mind and total ToM score, with higher 
means found at the post-intervention and follow-up evaluations compared to the pre-intervention intervention. 
No significant differences were found in the intra-group analysis of the control intervention or the inter-group 
analysis (p > 0.05 for all analyses). Table 3 displays the means (standard deviation) and size effects for these 
variables at the different evaluation times considering the two interventions. 

Table 3. Results of the Theory of Mind subtest (NESPSY II – Social Perception Domain) before and after experimental intervention and control intervention

http://dx.doi.org/10.17267/2965-3738bis.2023.e4954
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Children’s Naming Test. No significant differences were found in the intra-group analysis of the experimental 
intervention or the inter-group analysis (p > 0.05). In contrast, significant differences were found in the means of 
the pre-intervention and post-intervention evaluations in the sham group (p = 0.049). Table 4 displays the means 
(standard deviation) and size effects for the Children’s Naming Test at the different evaluation times considering 
the two interventions. 

Table 4. Children’s Naming Test Results before and after experimental and control intervention

¹Marginal models (GEE); ²Cohen’s d.
Source: the authors (2023).

Five Digit Test (FDT). A significant difference was found in the experiment group at the follow-up evaluation (p 
= 0.024), with a large effect size (d2 = 1.04). No statistically significant differences were found in the intra-group 
analysis of the control intervention or the inter-group analysis (p > 0.05). Table 5 displays the means (standard 
deviation) and size effects for the FDT at the different evaluation times considering the two interventions.

Table 5. Results of Five Digit Test before and after experimental intervention and control intervention

Legend: FDT: Five Digit Test. 
¹Marginal models (GEE); ²Cohen’s d.

Source: the authors (2023).
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Discussion

The interest in noninvasive brain stimulation 
techniques has increased substantially in the field 
of child and adolescent health in the last ten years 
as a promising option for reducing the symptoms 
of neurodevelopmental disorders and favoring 
the results of behavioral or physical rehabilitation. 
Specifically for the population diagnosed with autism 
spectrum disorder (ASD), transcranial direct current 
stimulation (tDCS) has been highlighted in the 
scientific literature as a therapeutic resource capable 
of favoring the activity of the left frontal lobe.42

The neurophysiological effects of tDCS have been 
studied, especially considering anodal stimulation 
of the dorsolateral prefrontal cortex (DLPFC) and 
temporoparietal junction, which are areas of the 
brain with compromised activation in individuals with 
ASD, as demonstrated in studies involving functional 
magnetic resonance.42,43 Previous studies consider the 
left DLPFC to be a target area for favoring executive 
functions19,25,31,44, significantly working memory. In 
contrast, the temporoparietal junction was selected in 
one study investigating social communication skills.21

Systematic reviews published to date have begun to 
demonstrate that the administration of tDCS over these 
areas of the brain, especially in the left hemisphere, 
results in promising effects regarding improvements 
in cognitive skills and social communication in this 
population.42,43,45 In the present study, although no 
statistically significant differences were found, the 
results demonstrate that anodal tDCS over left DLPFC 
was superior to sham tDCS, as promising effects were 
observed in the comparative analysis of the evaluations 
performed before and after active tDCS combined 
with cognitive stimulation therapy. The experimental 
intervention (anodal tDCS + and cognitive stimulation 
therapy) favored increased skills related to the global 
theory of mind, with substantial results regarding the 
verbal Theory of Mind as well as cognitive processing 
speed and efficiency, especially the skill of inhibitory 
control. These effects were found after the end of the 
intervention. However, the most exciting results were 
identified at the follow-up evaluation performed three 
months after the end of the experimental intervention. 
These findings corroborate the theoretical reference 
developed in the field with the publication of clinical 
trials in recent years.

The findings make sense from the theoretical 
standpoint, as studies indicate that these two 
constructs are related, considering that good 
inhibitory control functioning favors the Theory 
of Mind4,21,22; this may be due to the high inhibition 
demand required when putting oneself in the place 
of another, as one must control the natural impulse 
to respond from one’s own perspective and offer a 
response that considers the point of view of another 
person.46 Both Theory of Mind and inhibitory control 
are fundamental skills for socioemotional adjustment 
and have direct implications regarding the behavior 
of individuals.

With the statistical results of the present analyses, 
we clearly cannot declare superior effects favoring 
anodal tDCS, as we did not find significant differences 
in the comparisons of the two interventions (anodal 
tDCS + cognitive stimulation therapy and sham tDCS 
+ cognitive stimulation therapy). However, we believe 
that some aspects should be highlighted. The present 
study analyzed the effects of ten sessions of anodal 
tDCS administered during cognitive stimulation 
therapy at a frequency of five sessions per week over 
two consecutive weeks through pre-intervention, 
post-intervention and follow-up (three months after 
the end of the intervention) evaluations. 

Among the six controlled clinical trials identified in the 
literature19,21,25,31,44,47, only one study analyzing anodal 
tDCS over the left DLPFC addressed the combination 
with cognitive training.25 The study reported results 
favoring active tDCS over sham tDCS, but involved 
adults (20 to 66 years of age) with a diagnosis of ASD 
and only had a single intervention session. Another 
clinical trial analyzing the combined effects of tDCS 
and cognitive therapy also involved adults with ASD 
submitted to a single session of anodal stimulation 
over the temporoparietal junction.21

As for the skills evaluated here, we can discuss 
some hypotheses to understand the results better. 
As already pointed out, we found no studies that 
investigated the effects of tDCS on CS in children and 
adolescents with ASD. However, the two studies with 
adults who evaluated social skills found interesting 
results.21,22 In both of these studies, the target 
region chosen for stimulation was the right parietal-
temporal junction (PTJ), which suggests that this may 
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be a more appropriate area when the objective is to 
improve CS. Here is an important caveat, in the study 
of Wilson et al.22, the conclusion of improvement in 
social functioning was taken from the ATEC scale, 
that is, from broader and non-specific social skills 
of CS. Their study used the TASSK-M that evaluates 
the participant's knowledge about diverse social 
skills, such as what means someone who is "popular" 
or "intimidating, in other words, a broader social 
knowledge. 

Regarding language, it was believed that anodic 
tDCS in the left CPFDL could bring benefits. This 
assumption was based on theoretical and empirical 
assumptions. First, by the functional connectivity 
between CPFDL and cognitive functions, such as Fes 
and language48, and second by the empirical evidence 
shown in the studies of Schneider and Hopp32 with 
children with ASD who, after a 30-minute session of 
anodic stimulation in this region, showed significant 
improvement in vocabulary and syntax skills. 
Contrary to what was expected, in the naming test, 
there was no effect of the type of stimulation, only a 
time effect between the pre and post-evaluations in 
the placebo group. A similar result was found in the 
study by Amatachaya et al.31, in which there was no 
significant reduction in language problems measured 
by the ATEC scale after stimulating the left CPFDL. 

This result may be due to the difference in language 
skills assessed. In the study of Schneider and Hopp32, 
they conducted syntax and receptive vocabulary 
tasks. In this study, we used an expressive vocabulary 
task. Another possible explanation may be related 
to the heterogeneity of the sample. Schneider and 
Hopp32 evaluated pre-linguistic competencies that 
were considered a requirement for evaluating the 
outcome (syntax and vocabulary) and only considered 
participants who scored above the threshold 
established by the researchers. This inclusion criterion 
helps to make the sample more homogeneous since it 
ensures that everyone has a minimum knowledge of 
the skill that will be evaluated. Finally, one can think of 
the stimulated area because, although the CPFDL is a 
region that acts in the organization of higher cognitive 
functions, including the executive components of 
language, it is not a primary area of the functioning of 
this skill. Thus, we suggest that future studies aiming to 
investigate the effects of anodic tDCS on oral language 
stimulate the lower frontal lobe region, corresponding 
to the Broca area and/or the posterior portion of the 
temporal lobe in the Wernicke area.

The last objective of this study was to investigate the 
effects of tDCS on Fes, specifically inhibitory control 
and cognitive flexibility. As presented in the results 
section, we found a time effect but not a type of 
stimulation in the inhibition domain in the active 
group. We observed a significant effect between pre- 
and follow-up with a large size effect, which did not 
occur in the placebo group. In theory, this effect of 
time would be expected, according to the literature, 
since Fes are skills that develop rapidly in this period 
of life of children and adolescents.10,11 However, if 
this were the only explanation for the effect found, 
something similar would have been noticed in the 
placebo group, which did not happen. Thus, we can 
raise a hypothesis similar to that discussed in the 
Tom evaluation that there may have been an effect of 
tDCS on inhibitory control since the size effect of the 
difference was considerable. However, perhaps due 
to the small sample size, this effect may have been 
lost in the comparison between the group.

We found similar results in studies that applied 
protocols similar to ours, but in individuals with 
Attention deficit hyperactivity disorder (ADHD), which 
show that despite the promising results on the main 
symptoms of ADHD and cognitive functions such 
as working memory and selective attention, when 
dealing specifically with inhibitory control, the anodic 
tDCS applied on the left CPFDL, as in the present 
study, was not superior to placebo stimulation30,33 
evidenced an increase in interference inhibition that 
can be considered an executive/cognitive component 
of inhibitory control. 

On the other hand, cathodic stimulation in F3 and 
anodic in the supraorbital region resulted in increased 
inhibitory control (impulse control).33,49 These 
findings have coherence from the neuroanatomical 
perspective because due to the acknowledgment that 
several areas of the prefrontal cortex are involved 
in Fes, including the frontal cortex-orbital, which, 
according to some theories, would be related to a 
more emotional component of inhibitory control 
and connected to more limbic regions, while CPFDL 
is associated with a more cognitive component.10,50  
Therefore, it is possible to assume that the choice 
of region and type of stimulation will depend on 
the main complaints of the patient and can be the 
anodic stimulation in the left and cathodic CPFDL 
in the orbitofrontal when intending to achieve 
a more cognitive control effect (e.g., inhibition 
of interferences), and anodic stimulation in the 
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orbitofrontal and cathodic region in the CPFDL, when 
the expected effect is a greater impulse control. 

Moreover, we believe that it is of fundamental 
importance to develop parallel clinical trials analyzing 
the effects of anodal tDCS combined with cognitive 
therapy in children and adolescents with ASD, but 
considering models that are closer to the therapeutic 
interventions performed in clinical practice, such 
as a frequency of five sessions per week over two 
consecutive weeks. We need to understand how 
the interaction of the therapeutic interventions 
influences the cognitive-behavioral performance of 
children and adolescents with ASD; whether there 
is a “ceiling effect” of any of the interventions; what 
types of cognitive and behavioral training are the 
most appropriate during the administration of tDCS 
over one of the areas of the brain involved in the 
physiopathology of ASD; and whether tDCS indeed 
results in clinical effects on executive functions 
and social communication in this population in the 
medium and long terms. 

To the best of our knowledge, this is the first controlled 
clinical trial to analyze the effects of anodal tDCS over 
the left DLPFC during cognitive training in children with 
a diagnosis of ASD involving a follow-up evaluation 
three months after the end of the intervention. Thus, 
this study contributes to developing the theoretical 
reference of this promising therapeutic intervention. 
However, no definitive conclusions can be drawn 
based on our results due to the limitations of this 
study, such as the small number of participants and 
the crossover study design. We believe it is essential to 
develop parallel, randomized, controlled clinical trials 
with an adequate sample size to prove the effects of 
anodal tDCS combined with cognitive training for this 
population.

Conclusion

Anodal transcranial direct current stimulation over 
the left dorsolateral prefrontal cortex during the 
training of cognitive tasks did not increase the effect 
of cognitive training in the children with autism 
spectrum disorder who composed the sample 
compared to sham tDCS and cognitive training. 
However, promising effects of the intervention with 
anodal tDCS were identified in the comparison of  
pre-intervention evaluation and evaluations 

conducted after the interventions (one week and 
three months after the final session) with regards to 
the theory of mind as well as cognitive processing 
speed and efficiency, especially the skill of inhibitory 
control.
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