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Abstract  
Introduction: Patients with mild Traumatic Brain Injury (mTBI) constitute a significant proportion of 

brain injury cases. The mTBI often leads to cognitive deficits, including impaired selective attention, 

which can significantly impact daily functioning. The purpose of the present study was to examine the 

effectiveness of transcranial Direct Current Stimulation (tDCS) on selective attention in patients with 

mTBI. 

Method: The current study employed a single-blind randomized controlled trial and quasi-

experimental design to examine the effectiveness of tDCS on selective attention in mTBI patients. The 

participants were randomly assigned to active, sham, and control groups. Fifteen female patients 

diagnosed with mTBI were recruited via convenience sampling. To evaluate participants' selective 

attention, a computerized version of CWST was used for pre- and post-intervention assessments. The 

intervention protocol included 20 minutes of 1.5 mA tDCS stimulation applied to the left dlPFC for 10 

sessions. The data were analyzed using one-way ANCOVA in SPSS-24. 

Results: Findings indicated a notable improvement in selective attention within the active tDCS group; 

however, the differences between groups did not reach statistical significance (P > 0.05).  

Conclusion: These preliminary findings suggest a potential role for tDCS in improving selective 

attention in patients with mTBI, warranting further investigation with larger sample sizes. 
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Introduction 

Traumatic Brain Injury (TBI) is one of the main causes of death among children and young 

adults [1]. Among TBI patients, approximately 90% of these individuals sustain a mild 

Traumatic Brain Injury (mTBI) [1, 2]. According to Silverberg et al. [3], mTBI is a head injury 

that results in at least one of the following: 1) Loss of consciousness for less than 30 minutes 

and a score of 13-15 on the Glasgow Coma Scale (GCS); 2) Any memory loss related to the 

events immediately before and after the accident with post-traumatic amnesia for less than 

24 hours; 3) Any change in the person's mental state during the accident (for example, 

feeling awe, bewilderment, confusion); and 4) Focal neurological deficit(s) which may or 

may not be transient [4, 5]. Approximately, 50 million people around the world [6, 7], 

especially in third-world countries [8], suffer from TBI.  

Among the most frequent problems that mTBI patients deal with are cognitive problems [9, 

10] and specifically problems in executive functions [9-13] working memory followed 
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by reduced processing speed [14] and attention [10, 15-

18]. In most cases, symptoms resolve naturally after a 

period of three month [1, 19]. However, reports 

demonstrate that more than 40% of mTBI patients 

experience debilitating post-concussive symptoms that 

may last from months to years [1, 20, 21]. Various types of 

attention play a crucial role in executive functions. 

Consequently, attention deficit can potentially lead to 

impairments across all executive functions, hindering 

individuals' ability to perform daily life activities. 

Therefore, considering the noteworthy number of mTBI 

patients and its prominent role in people's daily lives, it is 

of great importance to investigate ways to reduce or 

control the cognitive problems caused by mTBI. 

Studies in recent years report the potential therapeutic 

ability of non-invasive neuromodulation methods [1, 15, 

22]. To our knowledge, seven studies have examined non-

invasive brain stimulation methods, such as transcranial 

Direct Current Stimulation (tDCS), as an intervention for 

PCS in patients with mild to mTBI. In the findings of Quinn 

et al. [10], while active and sham groups showed notable 

improvement in attention, no significant inter-group 

difference emerged. The ambiguity regarding tDCS 

effectiveness in their study stems from the inability to 

discern whether improvements resulted from the 

computer-based training or tDCS itself. Furthermore, 

Motes et al. [23] demonstrated significant improvement 

in executive functions, including attention of active group, 

compared to the sham group. However, the unclear 

severity of brain damage likely contributed to group 

heterogeneity. Additionally, the lack of a control group 

limited the assessment of improvement intensity over 

time. 

Given the unfortunately limited number of studies 

investigating the efficacy of tDCS on attention 

improvement in mTBI patients, this research extended its 

scope to include investigations on a broader spectrum of 

severity of TBI patients. Similar to studies on mTBI 

patients, the findings of four studies indicate a notable 

improvement in attention among TBI patients [10, 15, 16, 

18]. In the study by Kang et al. [15], the stimulation group 

received only a single tDCS session. Although attention 

improved in the active group, it dissipated after 48 hours, 

with no statistically significant difference remaining 

between groups. Furthermore, Leśniak et al. [16] 

demonstrated that although the difference between the 

active and the sham groups was not statistically 

significant, tDCS combined with cognitive training led to 

substantial improvement in patients. Similar outcomes 

were reported in another study conducted by Ulam et al. 

[18]. Moreover, Sacco et al. [17] achieved statistically 

significant improvement in patients divided attention by 

combining tDCS sessions with cognitive training. 

The extant research literature indicates the benefits of 

tDCS across various variables, particularly concerning 

executive functions in patients with TBI. Nevertheless, 

several methodological limitations in the existing research 

raise concerns regarding the effectiveness of tDCS in 

patients with mTBI. These deficiencies include, but are not 

limited to, inconsistent sampling regarding injury severity, 

lack of gender control, broad age ranges (from 18 to 59) 

among participants, unspecified timing of the 

participants' initial brain injury, and studies investigating 

multiple independent variables simultaneously. The 

inclusion of a control group is deemed essential as it 

facilitates the comparison of patients' natural recovery 

against both active and sham intervention groups [9]. 

Therefore, the purpose of the present study was to 

investigate the effectiveness of tDCS on selective 

attention as one of the crucial components of executive 

functions in mTBI patients. The present study attempted 

to overcome some of the previous studies’ gaps. To this 

end, the study controlled for gender, restricted the age 

range of participants to 20–40, narrowed the timeframe 

from participants' initial brain injury experience, 

incorporated a control group, and, most importantly, 

limited brain injury severity exclusively to mild cases. 

Accordingly, the following hypothesis was formulated: 

H1: Utilizing tDCS will significantly enhance selective 

attention in the active group compared to the sham and 

control groups in mTBI patients. 

Method 

The current study employed a single-blind quasi-

experimental intervention, with all participants 

undergoing pre- and post-assessments. The participants 

were recruited via convenience sampling and then 

randomly assigned to three groups: active, sham, and 

control (n = 5 per group). Since the study was a single-

blind trial, the participants were blinded to randomization 

process and the group assignment. The participants were 

15 women diagnosed with mTBI at Shahid Kamyab 

Hospital in Mashhad in 2023. Prior to random assignment 

to their respective groups, participants were screened 

according to established inclusion and exclusion criteria. 

Accordingly, efforts were made to control the participants' 

gender, age range, and timeframe of initial brain injury 

experience in this study.  

Based on the research background, the inclusion criteria 

for participants were the following: 1) diagnosis of mTBI 

by a hospital physician (GCS: 13-15); 2) injury occurred 3–

12 months prior; 3) reported attentional complaints; 4) 

female gender; and 5) age between 20 and 40 years. 

Participants were excluded from the study if they met any 

of the following criteria: 1) history of any other 

neurological disease, epilepsy, seizures, or psychosis; 2) 

history of alcohol or drug addiction (within the past two 

years); 3) any electrical discontinuity in the skull, such as a 

skin flap; 4) any electrical device implanted in the body 

(e.g., a pacemaker); 5) medical or hospital admissions 

within the past three weeks; 6) change in psychotropic 

medication within the past two months; 7) inability to 

complete the protocol; 8) inability to consent to 

participate in the research; 9) pregnancy; or 10) 

incarceration period during the research. 

All experiments were performed in compliance with 

relevant laws and institutional guidelines, following ethics 

approval (IR.UM.REC.1402.054) from the Research Ethics 

Committee of Ferdowsi University of Mashhad. A list of 

mTBI patients was then gathered. These patients had 



Farzamkia et al. 

149 International Journal of Behavioral Sciences Vol.19, No.3, Autumn 2025 

been admitted to Shahid Kamyab Hospital within the 

preceding three to twelve months. Inclusion and exclusion 

criteria were then verified through patient contact. To 

control gender and age, only women aged 20 to 40 were 

contacted. Given these control variables (gender, age, 

time since injury [3–12 months], and restricted residence), 

only 322 out of 5200 mTBI patients remained eligible. Of 

the 94 individuals contacted, 26 eligible participants 

expressed interest in the study, with 11 subsequently 

declining for personal reasons. Consequently, 15 

participants were randomly and equally assigned in a 

single-blind manner to three groups: active, sham, and 

control. An informed consent was obtained from all 

participants, and pre-test and post-test were 

administered to all three groups one day before and after 

intervention sessions, respectively, in a single session at 

the Cognitive Science Laboratory of Ferdowsi University 

of Mashhad. The average completion time for the solely 

test utilized in the study, which was CWST, was 10 to 15 

minutes per participant. The active and sham groups 

received 10 sessions of tDCS intervention on weekdays 

(excluding Thursday and Friday) (Figure 1). Furthermore, 

to ensure consistent environmental conditions, 

participants in both the active and sham groups were 

accommodated in an identical quiet room with 

appropriate air-conditioning. Throughout the 

intervention sessions, they were also screened for 

irritation, itch, and impedance. 

Active Group: Ten sessions of anodal stimulation were 

administered at a current of 1.5 mA for 20 minutes to the 

left dlPFC, specifically targeting the F3 position based on 

the international 10-20 system. The cathodal electrode 

was placed on the right arm, inferior to the deltoid muscle. 

The electrode sponges were soaked in 0.9% saline 

solution prior to initiating stimulation. The tDCS mode of 

the Mindalive, Canada Cranial Electrical Stimulation (CES) 

device was used. The ramping up/down current was 0.15 

mA and during 10 seconds for both initiation and 

termination. 

Sham Group: The procedure was identical to that of the 

active group, with the sole distinction that they observed 

a demonstration of the intervention, and the device 

remained inactive, therefore the participants did not feel 

any stimulation. Moreover, to eliminate the diffusion 

effect, all participants received the pre- and post-tests and 

intervention sessions at different times and remained 

unaware of each other as well. 

Control Group: In the control group, no intervention was 

administered, and only pre-test and post-test were 

collected from the participants with a 10-day interval.

 

 

 

 
 

Figure 1. Flow chart of the research procedure. 
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The tools utilized in this study were as follows: 

Color-Word Stroop Test (CWST): Originally developed 

in paper form by Ridley Stroop in 1935, this tool was 

administered in its computerized version in the current 

study to assess participants' selective attention in both 

pre- and post-assessments [24]. While the traditional 

paper form of the test needs orall responses, the 

computerized version needs non-verbal responses. 

Therefore, the participants are required to press colored 

buttons. Some minutes prior to commencing the main 

task, participants were instructed to familiarize 

themselves with the designated keyboard keys for each of 

the four colors (red, blue, yellow, and green). These target 

keys were marked with colored labels. The sufficient time 

for mastering keys were different for each participant; 

therefore participants were provided with ample time to 

master the color-key associations. To ensure procedural 

consistency in pre- and post-assessments, participants 

were tested in a quiet and comfortable setting. 

Participants were first required to master the color-coded 

labels on the computer keyboard. Subsequently, they 

could commence the main test. In the main test, 

participants were asked to press the colored keys based 

solely on their color, not on the word. Homack et al. [25] 

reported the reliability of this test for healthy adults as 

good (0.80). Considering the scoring was based on 

reaction time, only congruent and incongruent conditions 

were used for the final scoring.  

Transcranial Direct Current Stimulation (tDCS): The 

intervention was conducted in 10 sessions utilizing the 

tDCS mode of Mindalive CES device. The anodal and 

cathodal rubber pads measured 4×4cm2 and 3.5×7cm2, 

respectively. Current ramp-up and ramp-down phases 

were set at 0.15 mA over 10 seconds for both initiation 

and termination. Anodal stimulation was administered at 

a current of 1.5 mA for 20 minutes to the left dlPFC, 

specifically targeting the F3 position according to the 

International 10-20 System. The cathodal electrode was 

placed on the right arm, inferior to the deltoid muscle. 

Prior to electrode application, both rubber pads were 

placed on sponges saturated with 0.9% saline solution. 

The intervention sessions for the active group were 

conducted at approximately the same time each day to 

control for circadian effects. Only the participants were 

blinded to group assignment, and the same operator 

conducted all sessions for both the active and sham 

groups. 

Results 

A description of the sample's demographic indicators 

showed that the mean age and standard deviation of 

participants in the active group were 32.80 and 6.91, 

respectively. These values were 28.60 and 5.77 in the sham 

group and 32.40 and 6.43 in the control group. 

Furthermore, a one-way ANOVA revealed no significant 

difference between the groups (F = 0.53, P > 0.05). None 

of the participants reported drug abuse. Other 

demographic indicators have been presented in Table 1. 

The results of the chi-square test showed no significant 

differences in education status (χ² = 1.90, P > 0.05), 

tobacco consumption (χ² = 0.68, P > 0.05), caffeine 

consumption (χ² = 0.08, P > 0.05), time since trauma (χ² = 

0.90, P > 0.05), and the Glasgow Coma Scale (χ² = 1.90, P 

> 0.05). 

The hypothesis was tested using a one-way analysis of 

covariance (ANCOVA). The results of the Shapiro-Wilk test 

indicated that the distribution of selective attention across 

groups was normal (P > 0.05). The results of Levene's test 

indicated that the assumption of homogeneity of 

variances was met (F(2,12) = 0.15, P > 0.05). The assessment 

of the homogeneity of regression slopes also confirmed 

the validity of this assumption (F(2,9) = 0.97, P > 0.05). 

Additionally, the results demonstrate that there is a linear 

relationship between the covariate and the dependent 

variable (P < 0.05). The descriptive statistics and ANCOVA 

results have been presented in Table 2.

Table 1.  Descriptive Statistics and Demographic Indicators 

Indices Subgroups 
Active Sham Control 

f Percent f Percent f Percent 

Education status 

Diploma 2 40 1 20 2 40 

Bachelor’s degree 1 20 1 20 2 40 

Master’s degree 2 40 3 60 1 20 

Tobacco consumption 
No 4 80 4 80 3 60 

Yes 1 20 1 20 2 40 

Caffeine consumption 
No 4 80 4 80 4 80 

Yes 1 20 1 20 1 20 

Time since trauma 

Since 3 months ago 1 20 1 20 2 40 

Since 4 months ago 1 20 1 20 1 20 

Since 5 months ago 1 20 1 20 1 20 

Since 6 months ago 2 40 2 40 1 20 

The Glasgow Coma Scale  

13 1 20 1 20 2 40 

14 2 40 1 20 1 20 

15 2 40 3 60 2 40 
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Table 2. ANCOVA Results of Pre-test and Post-test 

Group 
Pretest Posttest 

F P Partial η2 

Mean SD Mean SD 

Active 0.23 0.11 0.06 0.05    

Sham 0.21 0.11 0.19 0.15 3.77 0.06 0.41 

Control 0.19 0.16 0.26 0.21    

Table 2 demonstrates that the post-test mean values of 

the active and sham groups were significantly lower 

compared to the control group. The findings revealed a 

significant effect of the pretest (covariate variable). The 

results of the analysis of covariance (ANCOVA) indicated 

that the between-group difference in selective attention 

was not significant (F = 3.77, P > 0.05, Partial η2=0.41). The 

comparison of adjusted means also revealed that the 

participants in the active group had a lower mean 

compared to those in the active group. These means were 

0.05, 0.19, and 0.28 for the active, sham, and control 

groups, respectively. Additionally, the comparison of 

adjusted means using the Bonferroni post-hoc test 

revealed no significant differences among the groups (P 

> 0.05). 

Discussion 

This study sought to investigate the effectiveness of tDCS 

on selective attention in individuals diagnosed with mTBI. 

The research hypothesis was evaluated through a single-

blind intervention, incorporating pre- and post-

assessments across three distinct groups: active, sham, 

and control. 

The findings indicate that participants in the active 

group/within-group exhibited substantial improvement in 

the post-test compared to both the sham and control 

groups; however, the inter-group differences in selective 

attention were not statistically significant. This finding is 

crucial, as the randomized design ensures that the lack of 

a statistically significant difference between groups 

suggests that the intervention's effect on selective 

attention was not superior to the effects observed in the 

sham and control conditions. Based on these results, the 

current research hypothesis is rejected, meaning that 

utilizing tDCS did not significantly enhance selective 

attention in the active group compared to the sham and 

control groups in mTBI patients. 

Despite a notable improvement within the active group, 

the intervention sessions failed to yield a statistically 

significant difference when compared to the other two 

research groups. This outcome aligns with the majority of 

previously reported studies [10, 15, 16, 18]. The findings 

of these studies similarly indicated that despite 

substantial progress in the attention variable within the 

active group, this improvement was not statistically 

significant [10, 15, 16, 18]. 

Conversely, the findings of the present study are 

inconsistent with those reported by Sacco et al. [17]. In 

contrast to the current research, Sacco et al. [17] found 

not only substantial improvement in participants' 

selective attention but also statistically significant 

differences between their groups. This discrepancy 

between the current study and Sacco et al. [17] might be 

attributed to the role of cognitive training and targeted 

area for stimulation. Sacco et al. [17] incorporated 40 

minutes of cognitive training for participants after the 

completion of tDCS sessions. It also appears that cognitive 

training might play a more prominent role than tDCS 

sessions, given that participants in Sacco et al. [17] 

included patients with more severe brain injury, unlike the 

mild traumatic brain injury patients in the present study. 

It is also possible that other factors, such as the type of 

cognitive training and the individualized targeting of 

stimulation areas based on patient needs, may contribute 

to explaining statistically significant improvements 

demonstrated in participants in the study of Sacco et al. 

[17]. For instance, while Quinn et al. [10] also employed 

cognitive training concurrently with tDCS sessions to 

enhance participant performance, Sacco et al. [17] utilized 

fMRI to determine the optimal stimulation area for each 

participant prior to intervention, thereby individualizing 

the tDCS sessions. Overall, despite the notable 

improvement found in participants in the present study, 

caution is warranted when drawing conclusions regarding 

the utility of this specific protocol—including the 

stimulation site, number of sessions, session duration, and 

current intensity—for improving selective attention in 

mTBI patients. 

While this study aimed to address several methodological 

gaps and achieved success in certain areas, particularly in 

controlling gender, restricting participant age and injury 

severity (mild cases only), narrowing the timeframe of 

brain injury onset, and incorporating a control group, still 

certain limitations persist. 

The primary limitations of the current study include a 

small sample size of only 15 women aged 20-40, which 

restricts the generalizability of the findings regarding 

other populations and poses a threat to external validity 

due to the exclusive focus on one gender, meaning our 

findings may not be applicable to other populations, 

particularly men. In addition, this small sample size 

significantly restricts the statistical power of our findings, 

increasing the risk of a Type II error where a true effect 

may have been present but was not detected. 

Furthermore, the absence of post-intervention follow-up 

prevents conclusions regarding the long-term 

maintenance of achieved changes. In addition, the present 

study was a single-blind trial; therefore, the operator was 

aware of the participants’ group assignments, which 

increases the risk of the Rosenthal effect. 

Future research is encouraged to overcome these 

limitations by recruiting larger, more diverse samples and 

incorporating follow-up assessments to determine the 

durability of treatment effects. Researchers are also 
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encouraged to explore different stimulation sites, such as 

the pre-Supplementary Motor Area (pre-SMA) or the 

dorsal Anterior Cingulate Cortex (dACC), a current 

intensity higher than 1.5 mA, or to conduct intervention 

sessions using High-Definition transcranial Direct Current 

Stimulation (HD-tDCS).Additionally, it is recommended 

that future studies integrate further intervention groups 

investigating cognitive training. This would facilitate a 

comprehensive comparative analysis of tDCS, cognitive 

training, or their combination, thereby enhancing the 

understanding of methods to improve selective attention 

in mTBI patients. In addition, the use of other brain 

assessment techniques, such as fMRI, may play a potential 

role in future tDCS studies to optimize stimulation 

parameters, including the stimulation site, current 

intensity, and number of sessions, and so forth. It is 

recommended that future researchers conduct a double-

blind trial to minimize the Rosenthal effect and reduce 

possible biases. 

Conclusion 

This study demonstrated that tDCS can be possibly an 

effective intervention for enhancing selective attention in 

mTBI patients. However, despite the present study's 

notable improvement in the active group's selective 

attention, caution is warranted when interpreting these 

findings. Conclusions regarding the precise utility of this 

specific protocol—including its stimulation site, number 

of sessions, duration of stimulation, and current 

intensity—for improving selective attention in mTBI 

patients remain limited. Further research is essential to 

validate and generalize these preliminary findings. 
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