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ABSTRACT 18 

Aphasia is a language disorder that occurs after brain injury and directly affects an 19 

individual's communication. The incidence of stroke increases with age, and one-third of 20 

people who had a stroke develop aphasia. The severity of aphasia changes over time, and 21 

some aspects of language may improve, while others remain compromised. Task battery 22 

training strategies are used in the rehabilitation of aphasics. The idea of this research is to use 23 

electroencephalography (EEG) as a non-invasive method, of electrophysiological monitoring, 24 

with a group of aphasic participants in rehabilitation process in a prevention and rehabilitation 25 

unit of people with disabilities of the Brazilian Unified Health System (SUS), reference in the 26 

state of Bahia. In this study, the goal is to analyze brain activation and wave frequencies of 27 

aphasic individuals during a sentence completion task, to possibly assist health professionals 28 

with the analysis ofanalyzing the aphasic people's rehabilitation and task redefinition. We 29 

adopted the Functional Magnetic Resonance Imaging (fMRI) paradigm, proposed by the 30 

American Society for Functional Neuroradiology, as a reference. We applied the paradigm in 31 

the aphasic group with preserved comprehension, right hemiparesis, and left hemisphere 32 

injured or affected by stroke. We analyzed four electrodes (F3/F4 and F7/F8) corresponding 33 

to the left/right frontal cortex. Preliminary results of this study indicate a more significant 34 

activation in the right hemisphere of the aphasics group showing approximately 14% increase 35 

in Theta and Alpha frequencies, and 8% grow in low Beta (BetaL) and with frequencies about 36 

1% higher in high Beta frequency (BetaH). Besides that, Gamma frequency was  37 

approximately 3% higher in the left hemisphere of the brainbrain's left hemisphere. The 38 

difference in electrical activation may be revealing to usreveal a migration of language to the 39 

non-language dominant hemisphere. We point to possible evidence suggesting that EEG may 40 

be a promising tool for monitoring the rehabilitation of the aphasic subject. 41 

Keywords: brain activation; aphasia; electroencephalography; language rehabilitation. 42 

 43 

Introduction 44 

Due to a local brain injury, a person may not be able to speak and understand the 45 

people around him, or he may understand, but not be able to make himself understood. In 46 

other cases, they can make sentences, but do not use articles and connecting terms, which 47 

leaves the message confusing. Sometimes, they lose the ability to name things, objects, and 48 

have no command of the word, for example to name an object, such as table or an animal, as 49 

horse. This means that the brain injury has affected the area responsible for language control, 50 

and the symptoms vary from person to person. 51 

This is aphasia, defined as a language disorder that affects a person's ability to 52 

communicate, limits social interaction, contributes to isolation, depression, and heavily 53 

impacts quality of life. 54 

The most common cause of aphasia is stroke and traumatic brain injury (TBI), mainly 55 

in the left hemisphere, where language function is usually located. Approximately one-third 56 

of people who hadith a strokstroke people develop aphasia (Brady et al., 2016; Mattioli, 57 

2019).  58 

"The incidence of stroke increases with age and is higher in men than in women" 59 

(Mattioli, 2019) and the severity of aphasia "can change over time and single aspects of 60 
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language impairment may improve while others remain compromised". Aphasia dramatically 61 

affects the functional communication, daily activities, and social skills of the participants and 62 

their familieparticipants' and their families' functional communication, daily activities, and 63 

social skills. So, effective rehabilitation is essential. 64 

A study evaluated the effects of speech and language therapy (SLT) for aphasia after 65 

stroke (Brady et al., 2016), and concluded that "therapy at high intensity, high dose, or over a 66 

longer period may be beneficial". However, it warns that high-intensity and high-dose 67 

interventions may not be acceptable for all participants. 68 

There is a wide variability of language tests that can be applied in the rehabilitation 69 

process of aphasics; however, current evidence suggests that monitoring the aphasic is very 70 

difficult to achieve. This leaves us with an open question of which method we should use. 71 

In the study by Sreedharan et al., 2020, real-time functional magnetic resonance 72 

imaging (RT-fMRI) was used as a neurofeedback training strategy, aiming to improve neural 73 

activation in the language areas of post-stroke participants, with expressive aphasia, to 74 

improve language deficits. For the author, this strategy is very expensive since there are many 75 

hours for training, and the system is not portable, making the cost very high. However, he 76 

claims that it is possible to adjust neurofeedback training to activate specific study regions 77 

using less expensive and portable methods, such as EEG-based systems, which may be 78 

feasible for rehabilitation. 79 

Another essential strategy for studying the brain, according to Black et al., 2017 is the 80 

"sharing, comparison and generalization of results". According to the authors, institutions      81 

perform fMRI in markedly different ways. With this challenge, a task force from the 82 

American Society of Functional Neuroradiology members from various institutions came 83 

together and created "2 sets of standard language paradigms that strike a balance between ease 84 

of application and clinical utility". An adult language paradigm for pre-surgical language 85 

assessment that includes the sentence completion task and another paradigm geared toward 86 

children (Black et al., 2017). 87 

Given this scenario, the present study proposes to apply the fMRI paradigm, 88 

developed in the study of Black et al., 2017 with EEG, to analyze the brain activation of 89 

aphasic individuals with the task of completing sentences or phrases. This study was 90 

developed at the Center for Prevention and Rehabilitation of People with Disability 91 

(CEPRED) which is a unit of the Brazilian Unified Health System (SUS) of reference in the 92 

state of Bahia.  93 

With the perspective of application in other rehabilitation and clinical units, this 94 

research has in its essence three pillars: daily accessibility (cost and mobility of the 95 

equipment), usability (ease of use of the therapy equipment), and whether the technology is 96 

invasive or not for the participant.  97 

The monitoring of rehabilitation, throughout the therapeutic process, generally occurs 98 

with the repetition of language tests and the evolution of responses to these tests. There is a 99 

lack of studies that analyze the applicability of accessible instruments, outside the hospital 100 

environment, that can support the health professional in monitoring aphasia rehabilitation.  101 

We hypothesize that by investigating the electrical activation of the brain and the wave 102 

frequencies during the execution of language tests, we can analyze whether there is activation 103 
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in a non-dominant area of language. The method can serve as a support inupport improving 104 

the therapeutic process by monitoring the rehabilitation of the aphasic. 105 

 106 

Literature Review 107 

Aphasia 108 

Aphasia is a language disorder caused by an encephalic injury or dysfunction, 109 

accompanied or not by cognitive changes. It is considered "one of the most common 110 

neurological alterations following focal lesion acquired in the central nervous system, in areas 111 

responsible for comprehensive and/or expressive language, oral and/or written" (Kunst et al., 112 

2013).  113 

For Brady et al. (2016) aphasia is "a language impairment acquired after brain damage 114 

affecting some or all language modalities: speech expression and comprehension, reading, 115 

and writing". Other diseases can also cause aphasia, such as tumors, trauma, degenerative or 116 

metabolic diseases.  117 

Aphasia has been "a historical target of investigation and scientific debate in the areas 118 

of medicine, neuropsychology, and linguistics" (Mineiro et al., 2008). There are eight types of 119 

aphasia: Broca's aphasia (or expressive aphasia), Wernicke's aphasia, conduction aphasia, 120 

global aphasia, transcordial motor aphasia, transcordial sensory aphasia, mixed transcordial 121 

aphasia, and anomic aphasia. 122 

For Mineiro et al. (2008), the classification of aphasias is based on the participant's 123 

"performance in certain parameters that are evaluated through batteries of tests", and the most 124 

used parameters are: speech fluency, ability to understand orders, ability to name objects, and 125 

ability to repeat words.  126 

For the prognosis of aphasia, Plowman, Hentz & Ellis (2012) emphasize that this is a 127 

daunting task and involves considering the location and size of the injury, the type of aphasia, 128 

the person's age and gender, and other elements focused on family support, motivation, and 129 

medical care. 130 

Regarding lesion location associated with aphasia type, Bocquelet et al. (2016) states 131 

that "lesions of ventral temporal lobe flow regions result in Wernicke's aphasia characterized 132 

by impaired speech comprehension, while lesions of frontal areas result in Broca's aphasia 133 

characterized by impaired speech production".  134 

Diagnoses of aphasia are obtained through neurological evaluation and  brain imaging 135 

tests, such as magnetic resonance imaging (MRI) or computed tomography (CT) 136 

(Pommerehn, Delboni & Fedosse, 2016). The assessment process involves the use of 137 

linguistic examination instruments and should "address different levels and linguistic 138 

components, including comprehension and expression and the use of language at the levels of 139 

word, sentence, and speech" (Pagliarin et al., 2013).  140 

Also, according to Pagliarin et al. (2013), in a study conducted to evaluate the 141 

panorama of national and international literature about language examination instruments 142 

used after left hemisphere brain injury (LHE), it concludes that "efforts are needed for the 143 

development and standardization of language instruments for the assessment of adult 144 

participants with LHE and other neurological conditions suitable to the Brazilian sociocultural 145 

reality". ." They also draw attention to the scarcity of studies with such instruments 146 

specifically involving participants with LHE. 147 
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The study developed by Casarin et al. (2011) also revealed a scarcity of instruments 148 

(or assessment tools of functional language components) in the national context and 149 

concludes concluded that there is a need for new studies to fill this gap. They add that "even 150 

at the international level, there seems to be an unmet demand for clinical tools for a brief 151 

assessment of functional language components, such as pragmatic-inferential and 152 

discourse".." 153 

The study by Hill, Kovacs & Shin (2015) points to the challenge of promoting the 154 

interconnection of Brain Computer Interface (BCI) with augmentative and alternative 155 

communication (AAC), using brain signals as an alternative for a "non-invasive approach to 156 

access assistive technologies". ." According to the same authors, conventional alternative 157 

communication is not a satisfactory option satisfactory when it requires a certain degree of 158 

voluntary muscle control, although AAC is "vital for helping people with complex 159 

communication". ."  160 

Brain-controlled technologies appear to be even more promising in aiding 161 

communication for the aphasic individuals, minimizing the consequences of the physical 162 

limitations that many of them have. Brain computer interfaces (BCI) can aid communication 163 

in disabled populations by utilizing neurobiological signals (Brumberg et al., 2010). 164 

Strategies have been developed for BCI's such as "letter selection" systems, which 165 

establish indirect communication with hand, arm, or eye movements, which can be decoded. 166 

For Bocquelet et al. (2016), "the creation of a speech BCI to restore continuous speech 167 

directly from the neural activity of speech-selective brain areas are an emerging field in which 168 

increasing efforts need to be invested". 169 

Brain-computer interfaces seem to hold promisepromising for "enabling artificial 170 

speech synthesis from continuous decoding of neural signals underlying speech imagery" 171 

(Bocquelet et al., 2016). These interfaces, according to the same authors, do not exist yet, and 172 

for their design it is essential to consider three points: "the choice of appropriate brain regions 173 

to record neural activity, the choice of an appropriate recording technique, and the choice of a 174 

neural decoding scheme in association with an appropriate speech synthesis method".." 175 

 176 

Testing, Techniques, and Language Paradigm   177 

Speech therapy treats language disorders and their therapy. Speech and language 178 

therapy (SLT) is a "complex rehabilitation intervention aimed at improving language and 179 

communication skills (verbal comprehension, spoken language, reading and writing), 180 

activities, and participation" (Brady et al., 2016).  181 

A study conducted by Altmann, Silveira & Pagliarin (2019) on "Speech therapy 182 

intervention in expressive aphasia" reveals that "among the traditional therapies found, the 183 

following were observed: word retrieval therapy, melodic therapy, and conversational 184 

therapy". ." The authors conclude that "word retrieval therapy was the most used traditional 185 

method" and "figure naming and figure/word relationship were the most used strategies", 186 

,","",, " the authors emphasize that "the majority used figure naming, and the use of tablets 187 

and computers was frequent, mainly as a means of presenting the stimuli".  188 

Research developed by Pagliarin et al. (2013) sought to identify "language 189 

investigation instruments used for the evaluation of sudden onset neurological pictures 190 

involving the left hemisphere (LHE)" and analyze which linguistic components are the most 191 
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evaluated. As a result of this study, the authors identified "nine internationally used 192 

instruments that assess different language components in participants with LHE", highlighting 193 

the Boston Diagnostic Aphasia Examination (BDAE) as one of the "most internationally used 194 

instruments for aphasia detection". The most investigated linguistic components were 195 

"naming and listening comprehension". Finally, the authors reveal that the "instruments used 196 

internationally present appropriate adaptations and standardizations for the social, cultural and 197 

linguistic reality of the evaluated population". 198 

In general, for speech and language evaluation, to confirm a diagnosis of aphasia, the 199 

phonoaudiologist analyzes the following areas: naming, repetition, language comprehension, 200 

reading, and writing. In addition to speech and language evaluation, diagnostic imaging tests 201 

can be performed using an MRI or CT scan. 202 

Black et al. (2017) proposed the adoption of a standard language paradigm, to be used 203 

with fMRI as the first step to advance knowledge sharing. The authors hope that by adopting 204 

the reference paradigm, with a battery of language tasks, among them the "complete 205 

sentences" task, validated by a committee of experts, it will be possible to improve participant 206 

care.    207 

Also, according to Black et al. (2017) the Sentence Completion Task (T1) produces 208 

greater activation in both temporal and frontal regions, "suggesting a more robust activation 209 

of language networks because it combines language comprehension as well as production in a 210 

naturalistic way". 211 

For Zapata et al., (2018) the main challenges lie in the uneven learning pace of each 212 

individual and the effective operation of BCI devices, which use many techniques, e.g. fMRI, 213 

fNIRS, EcoG, MEG and EEG, for recording brain activity. Some of these techniques (or 214 

methods) are very expensive to implement or are very robust, making mobility difficult.  215 

However, electroencephalography  (EEG) represents the basis of about 60% of the 216 

systems tested. Electrophysiological recording can offer adequate temporal resolution to track 217 

brain activity at the scale of speech production dynamics (Bocquelet et al., 2016). 218 

Studies have revealed to us that, in addition to analyzing brain activity and 219 

neurological problems, it is possible to investigate neuronal patterns that may be associated 220 

with certain diseases. To improve the recognition of brain activity patterns in BCI 221 

applications, a recent study conducted by Zhang (2021) proposed a clustering-based multitask 222 

learning algorithm to optimize the EEG feature. For the author "unlike single-task learning, 223 

multitask learning allows us to jointly select the most significant features of multiple tasks". 224 

Liang's (2022) study, meanwhile, concluded that "emerging matrix learning methods 225 

achieved promising performances in electroencephalogram (EEG) classification". It points out 226 

that "the methods usually need to collect a large amount of individual EEG data and this, in 227 

general, causes fatigue and inconvenience to the participants".  228 

Chen's study (2022) emphatically reveals to us that "in recent years, machine learning 229 

(ML) and artificial intelligence (AI) have become increasingly popular in the analysis of 230 

complex neural data patterns". He also points out that EEG and fMRI are two rich 231 

neuroimaging modalities, and that these allow us to investigate brain functions 232 

comprehensively. He concluded that "advances in modern ML-powered technologies will 233 

create a paradigm shift in current practice in diagnosis, prognosis, monitoring, and treatment 234 

of mental illness". 235 
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Given this scenario, it is understood that it is essential to seek a method that will 236 

support health professionals in the ongoing rehabilitation process of aphasic people, 237 

considering the applicability in rehabilitation centers. 238 

 239 

 240 

Materials & Methods 241 

The method proposed in this study, shown in Figure 1, uses the standard paradigm 242 

developed by the American Society for Functional Neuroradiology (Black et al., 2017), with 243 

EEG, to analyze the brain activation of aphasic participants while executing sentence 244 

completion tasks. 245 

 246 

Population and sample 247 

The present research was approved by the Ethics Committee on Human Research of 248 

the Integrated Manufacturing and Technology Campus (CIMATEC) - Senai/ Bahia (CAAE: 249 

29622120.2.0000.9287) and approved by the Health Secretariat of the State of Bahia - 250 

SESAB (CAAE: 29622120.2.3001.0052) with the Center for Prevention and Rehabilitation of 251 

People with Disabilities- CEPRED, as a co participant center. 252 

The study population was constituted of participants diagnosed with post-stroke 253 

aphasia, according to the report in medical records, who were in rehabilitation treatment and 254 

recruited by the speech therapy team of CEPRED, in the city of Salvador-Bahia, following the 255 

inclusion and exclusion criteria. 256 

The sample was made up of eleven aphasic participants (Ap = 8 women, 3 men). The 257 

average age of all participants was 54 ± 7 years. Of these participants, 10 people with brain 258 

damage in the left hemisphere and one person with right hemisphere damage, all with 259 

hemiparesis (difficulty moving half of the body). Description of the volunteer participants is 260 

shown in Table 1. None of the participants had hearing impairment. They signed informed 261 

consent to participate in the study. 262 

Inclusion criteria: participants of both genders, aged over 18 years, diagnosed with 263 

post-stroke aphasia and normal or normal-corrected vision. 264 

Exclusion criteria: participants who had mental disorders, identified by a healthcare 265 

professional were not invited to the study. Participants with unstable cardiovascular disease or 266 

other serious diseases that impeded them from performing the tasks were also not part of the 267 

research. 268 

 269 

The Instrument: EEG 270 

For this study, we used the Emotiv Epoc+, 16-channel, EEG Brainwear with Brain 271 

Computer Interface (BCI) technology. Designed for human brain research, from Emotiv 272 

based in San Francisco, USA, to capture EEG signals, sampled at 128/256 Hz. Commercially 273 

available and validated by other researchers (BADCOCK, 2013; YU,2016; KOTOWSKI, 274 

2018; FOUAD, 2021; MELEK,2020). 275 

The device (headset type) is flexible and wireless, with the electrodes placed 276 

according to the international 10-20 positioning system, which is the standard international 277 

arrangement for electroencephalographic analysis. 278 
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Many studies have used the portable electroencephalography (EEG) system outside 279 

the hospital environment because it is less expensive, easy to set up, and comfortable. This 280 

device is opening doors to a wide range of studies, offering promising potential in 281 

rehabilitation. 282 

One of the great advantages of EEG is the high temporal resolution, which reaches an 283 

accuracy of milliseconds, when compared with techniques such as fMRI. Figure 2 shows the 284 

location of each of the 16 sensors and the anatomical correspondence of the brain area. The 285 

odd-terminated channels are in the left hemisphere and the even-terminated channels are in 286 

the right hemisphere, which are: antero-frontal (AF3, AF4), frontal (F3, F4, F7, F8), front-287 

central (FC5, FC6), temporal (T7, T8), parietal (P7, P8) and occipital (O1, O2). The mastoid 288 

sensor (M1) acts as a reference point to which the voltage of all other sensors is compared. 289 

The other mastoid (M2) is a feed-forward reference that reduces external electrical 290 

interference. 291 

 292 

Sentence Completion Task 293 

We used the fMRI paradigm for adults, with adaptations for the Portuguese language. 294 

We will present in this study the results of the "Sentence Completion Task", here called Task 295 

1 or simply T1, with duration of 4 min (240 seconds), where each volunteer participant 296 

performed one experimental session.  297 

About the T1 stimuli, the participant sees, on a video monitor, an incomplete sentence 298 

(example: Whales and dolphins live at .......) and is asked to mentally respond, just think the 299 

word (without speaking or moving lips). While the sentence is on the screen (5 seconds), the 300 

participant must continue to think of alternative words that complete the sentence until the 301 

next sentence appears. Then, there are three more phrases to be completed mentally.  302 

After the end of the stimulus time (20 seconds), the "control" of the task begins, where 303 

the participant sees nonsense sentences (a set of letters separated by spaces), at the same time 304 

and quantity of repetitions. Thus, there are 4 stimulus sentences and 4 control sentences, 305 

interleaved in this order, until the 4 minutes are completed. The task has a total of 24 stimulus 306 

sentences and 24 control sentences. 307 

The researcher read sentence by sentence, aloud, to the participant who had little 308 

education. This procedure activates Wernicke's area that is in the left hemisphere, specifically 309 

in the temporal lobe, which is the area responsible for understanding and receiving language, 310 

meaning that "we can activate it without necessarily speaking or communicating, simply by 311 

listening or reading" (ARDILA, 2016). Performing the sentence completion task increases the 312 

activation of both the temporal region and the frontal region, activating Wernicke's area and 313 

Broca's area (Black et al., 2017). 314 

 315 

Details of the method 316 

For the execution of the experiment, the participant was comfortably seated in front of 317 

a computer screen. The research protocol was read, informing that the participant is there 318 

voluntarily to participate in the study, which aims to investigate aphasia in expectation of 319 

supporting rehabilitation. Next, it was confirmed that the participant signed the free and 320 

informed consent form, which contained the details of the research, the researcher's contact 321 

information, and the confidentiality of the participant's personal data.  322 
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The method has five stages, detailed below: 323 

The first stage is: Pre-test. This was created to explain to the participant how the task 324 

would be executed. We presented a PowerPoint file with examples of the task, giving them 325 

the opportunity to test and ask questions before starting to collect the electroencephalographic 326 

signals. 327 

The second stage: Data collection. To capture and record the electrophysiological 328 

signals, the EEG headset was placed on the participant's head, with the antero-frontal 329 

electrodes (AF3 and AF4) positioned at a distance of three fingers above the participant's 330 

eyebrow, allowing easier adjustment of the other electrodes in their respective areas. 331 

With the EmotivPro 3.3.0.433 software, the connection of all electrodes was checked. 332 

When correctly positioned, they turned green on the program's interface. If any electrode did 333 

not show green color, some adjustments were necessary, such as removing hair strands under 334 

the electrode or performing a new hydration with saline solution, as recommended by the 335 

manufacturer. The signal collection only started after the correct connection of all the 336 

electrodes. The participant was instructed to not not to move his head, arms, legs, and hands 337 

to reduce the occurrence of unwanted noise. 338 

On the day of the collection, the participants were instructed to have their hair washed 339 

and dry without using moisturizing creams, oils, or similar cosmetics. For participants with 340 

voluminous hair, it was requested that, if possible, their hair be braided to facilitate the 341 

placement of the headset and electrode contact. 342 

Data collection begins with the execution of the baseline protocol (from the EEG 343 

device), which lasts 40 seconds in total. The protocol starts with a 5 second count and then an 344 

image appears indicating for the participant to keep his eyes open for 15 seconds. This is 345 

followed by a 5 seconds countdown and an image indicating that the participant should close 346 

his or her eyes. With 15 seconds countdown the participant should keep his eyes closed. 347 

When the baseline protocol is finished, the researcher presses key 1 to mark the beginning of 348 

the sentence completion task.  349 

The acquisition of brain signals is finished when the participant completes the last 350 

sentence (4min defined in the task). The researcher closes the session and exports the raw data 351 

in CSV (Comma-separated values) format. 352 

We used four electrodes positioned on the frontal lobe, two electrodes on the left 353 

hemisphere (F7, F3) and two electrodes on the right hemisphere (F4, F8) and investigated five 354 

frequency ranges: Theta (4-8 Hertz), Alpha (8-12 Hertz), Low Beta (12-16 Hertz), High Beta 355 

(16-25 Hertz) and Gamma (25-45 Hertz). 356 

Third stage: Importation of the electroencephalographic signals. For steps 3 and 4 we 357 

used Matlab since it is a tool and a high-level programming language, widely used for signal 358 

processing by millions of engineers and scientists to analyze data, develop algorithms and 359 

create models. We used MATLAB version 9.12 (R2022a) where we worked with calculus, 360 

matrices, signal processing and graph construction. We developed scripts to import the 361 

electroencephalographic signals (CSV files) from all the participants. 362 

After that, we checked the beginning of the task (with the registration of the numeral 363 

1), so that we could separate the electrophysiological registers before the "start" of the task. 364 

Therefore, the raw data were loaded and stored in vectors. 365 
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Next, we converted the signal to microvolts (uV) and then take the DC level of the 366 

signal (offset). The asymmetric response to the fault is called DC Offset, which is a natural 367 

phenomenon of the electrical system. Afterward, we plot graphs of the channels in time and 368 

frequency. We follow with the generation of the spectrum at frequency, applying the 369 

algorithm that calculates the Discrete Fourier Transform (DFT) and its inverse (inverse 370 

Fourier Theorem). In summary, we applied the Fast Fourier Transform (FFT) so that the raw 371 

EEG signal could be identified as distinct waves with different frequencies. The detail of the 372 

data processing scheme is shown in Fig. 3 and includes pre-processing and post-processing. 373 

Fourth stage: Signal processing. We use the Signal Processing Toolbox™ and the 374 

Designfilt function for filter testing. We tested FIR (Finite Impulse Response) and IIR 375 

(Infinite Impulse Response) filters on the data, analyzing the best option for removing noise 376 

and artifacts (such as muscle, motion, sweating artifacts). We also tested the following filters: 377 

a) Low-pass filter: A low-pass filter allows low frequencies to pass through without 378 

difficulty and attenuates the amplitude of frequencies higher than the cutoff frequency. 379 

b) Band-pass filter: A band-pass filter allows frequencies in a certain range to pass 380 

through and rejects frequencies outside this range. 381 

c) High-pass filter: A high-pass, or high-pass filter, allows high frequencies to pass 382 

through easily, and attenuates the amplitude of frequencies below the cutoff frequency. 383 

We subsequently created "windows" by fragmenting the signal every 5 seconds (Fig. 384 

4). The window creation time was determined by the time a sentence is on the video monitor 385 

as a stimulus for the participant. We used the calculation of the RMS value of the signal in 386 

each window (the effective value, also known as the RMS value from the acronym Root 387 

Mean Square). For post-processing, we developed scripts called "Brain Activation" and 388 

"Band-Power", detailed in the results section. 389 

The fifth stage: Analysis of the results. The health professional, based on the results 390 

obtained, will adjust, or maintain the language stimulation conducted in the next sessions. 391 

 392 

 393 

Results 394 

From the 11 participants evaluated, regarding the determination of the areas of greater 395 

brain activation and wave frequencies by EEG, problems occurred in the performance of two 396 

participants (Ap10 and Ap11). These two participants went through step 1 of pre-test (Fig. 1) 397 

and verbalized that they understood the task, we moved on to step 2, for connection and data 398 

collection. After connecting the electrodes, we started the "Baseline Protocol", with eyes open 399 

and then with eyes closed.  400 

However, we noticed that both participants seemed to misunderstand the baseline 401 

protocol. During the performance of the task, these participants frequently shifted their focus 402 

of attention to look at their hands, to objects in the room, and verbalized a few words. These 403 

two participants had a diagnosis of global aphasia, with deficits in expression and in 404 

comprehension; due to this typology and the degree of distraction, it was not possible to 405 

include the data collected in our sample. The absence of comprehension is common in global 406 

aphasics. Therefore, for this study we considered only aphasics with preserved 407 

comprehension as shown in Table 1. 408 
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After importing the raw data, we did the pre and post processing of the data (Fig. 3). In 409 

the preprocessing, we did the filtering process, as explained in the materials and methods 410 

section, and used the strategy of creating "windows" that is used by health professionals for 411 

visual inspection and selection of windows without artifacts.  412 

With the use of the windows, we were able to have the first view (view of each 413 

individual of the sample) of how the electrical activation occurred in each of the four 414 

electrodes (F7, F3, F4 and F8), verify the frequencies (Delta, Theta, Alpha and Beta), and 415 

disregard the windows with artifacts (represented in Fig. 4(b) with a red line).  416 

In the post-processing step, we calculated the average value of each wave and 417 

normalized the power per electrode. This allowed us to have a comparative view of the 418 

frequencies, participant by participant, as shown in Fig.5.  419 

We hid the Delta wave because it is recorded more frequently in infants and children, 420 

and because it is related to involuntary body movements such as breathing, heartbeat, and 421 

digestion, therefore focusing our analysis on the language task.  422 

In Figure 6, we have examples of aphasic participants and their electrical activation 423 

(difference) between hemispheres. For ease of understanding, we considered the left 424 

hemisphere to be the negative values (bars down) and right hemisphere to be the positive 425 

values (bars up). The value shown on the y-axis represents the difference, in percentage, of 426 

the electrical activation between the two hemispheres of the brain. 427 

Thus, we verify that there was a significant difference of electrical activation in the 428 

brain hemispheres. To exemplify, in Fig. 6(b) we observe that the frequency Theta, alpha, 429 

BetaH, and Gamma had greater electrical activation in the right hemisphere (bar up) with a 430 

difference between the hemispheres of 25% more. In addition, the BetaL frequency showed a 431 

difference of more than 30%. 432 

In 5 participants we found higher electrical activation in the right hemisphere, at all 433 

frequencies (Theta, Alpha, BetaL, BetaH, Gamma), as examples in Fig. 6(a,b). Two 434 

participants (AP08 and AP09) showed higher electrical activity at the frequencies Theta, 435 

Alpha and BetaL, also in the right hemisphere. One participant (Ap07) had greater activation 436 

at the Theta and Alpha frequencies in the right hemisphere (Fig. 6d), and a single participant 437 

(Ap05) had greater activation, in all frequencies, in the left hemisphere (Fig. 6c). 438 

These data show us that 8 in 9 of the participants showed increased electrical 439 

activation in the non-language dominant hemisphere. These results may be reflecting 440 

language migration, counter-lateral processing.  441 

Figure 7 shows the difference in electrical activation between brain hemispheres, 442 

considering the average of aphasic participants. Only the Gamma frequency had the highest 443 

activation in the left hemisphere, with approximately 4%. This wave frequency is associated 444 

with the processing of auditory, tactile, and visual stimuli. The other frequencies (Theta, 445 

Alpha, BetaL and BetaH) had greater activation in the right hemisphere. 446 

In two male participants (Ap07 and Ap08) we found less electrical activation in the 447 

right hemisphere, which may be showing us a lower migration of language to the right side, 448 

example in Fig. 6(d). 449 

Therefore, the "complete sentences" task was effective in activating language areas, 450 

using an EEG, in both hemispheres. These results converge with Lam's (2016) study, which 451 

used magnetoencephalography (MEG), with the sentence completion task, and emphasizes 452 
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that the task "recruits areas distributed in both hemispheres and extends beyond classical 453 

language regions". 454 

Our study brings an important contribution to aphasia rehabilitation programs, 455 

regarding the use of EEG to identify the areas of greatest brain activation in task execution, 456 

during rehabilitation. These results may be highlighting that acquired lesions can cause 457 

language to reallocate in the opposite hemisphere. 458 

Discussion 459 

The objective of this study is to investigate the electrical activation of the brain and the 460 

wave frequencies during the execution of a sentence completion task, with the expectation of 461 

helping health professionals, especially speech and hearing therapists, in the rehabilitation of 462 

aphasic participants and the improvement of language deficits. 463 

According to the method adopted, we did not include in our analysis the data from 464 

participants with global aphasia. We considered aphasic participants with preserved 465 

comprehension. Right-sided hemiparesis was observed in these participants and confirmed in 466 

hospital discharge records. From this, we inferred that the brain lesion and the dominant 467 

hemisphere of language were both located on the left side of the brain. However, based on the 468 

data collected and analyzed, we found increased electrical activity in the non-language 469 

dominant hemisphere during the execution of the task. This result may be revealing the 470 

migration of language to the contra-lateral hemisphere. 471 

Our results are in line with the study by Morais (2020) who emphasizes that the brain 472 

may suffer "translocation of primary functions, especially when the lesion is located in the 473 

dominant hemisphere" even though the left hemisphere is considered the "higher language 474 

processor", characterized as verbal, analytical, and intelligent (Harrington, 1989). Therefore, 475 

for this study, the translocation (movement or change of something from one location to 476 

another) of language may indeed have occurred to the right hemisphere, since the language of 477 

these aphasics is allocated to the left (dominant) hemisphere. 478 

Regarding the two male participants (Ap07 and Ap08), we found less electrical 479 

activation in the right hemisphere, which we believe reveals less language migration and 480 

perhaps less recovery. There is a convergence here with other studies that suggest that there 481 

may be "a difference in language impairment and recovery rate after stroke, with women 482 

outperforming men" (Halpern, 2000).  483 

Although our sample has a predominance of female participants, we cannot say that 484 

the result has this bias. We intend to continue with data collection, increasing the sample that 485 

will enable us to apply in-depth statistical analysis. 486 

For Kimura (1983) when comparing the female and male sexes, there is a difference in 487 

speech organization and in the activities of the left hemisphere of the brain. Núñez (2018) 488 

calls attention that the female brain, in general, is more symmetrical than the male brain, and 489 

emphasizes that several structures have been identified as more symmetrical and are involved 490 

in language production. 491 

Previous research has shown that sequential tasks batteries are used in the 492 

rehabilitation of aphasics, but neglect the possibility of "rehabilitation traceability", that is, of 493 

doing a follow-up and analysis of data collected during the rehabilitation process, over time. 494 

This may be due to the lack of experimentation with accessible techniques in a rehabilitation 495 

environment.  496 
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The experimental procedure shown in our work adds this capability and indicates that 497 
an EEG device can adequately capture brain signals, providing a perspective for monitoring 498 

the rehabilitation of the aphasic. A device already recognized for providing adequate temporal 499 
resolution to track brain activity at the scale of speech production dynamics (Bocquelet et al., 500 
2016).  501 

We have defined a strategy that can be used by healthcare professionals in 502 
rehabilitation settings outside of hospitals. By using the experimental procedure in this study, 503 

and seeing that a certain frequency is changing, the health care professional will be able to 504 
monitor the rehabilitation, verifying if the participant is recovering better or not.  505 

That said, we adopted the reference paradigm proposed by the American Society for 506 
Functional Neuroradiology, as a standard language paradigm that strikes a balance between 507 
ease of application and clinical utility. It was developed as a strategy for "sharing, comparing, 508 

and generalizing results". ." The literature shows us that institutions conduct their research 509 
with different methods and techniques, and this is a complicating factor for in studying the 510 
brain (Black et al., 2017). These factors were essential for our study developed at CEPRED as 511 

we needed to structure a procedure that was user-friendly, portable, and non-invasive.  512 
As advantages of our method, we highlight three aspects: accessibility, usability, and 513 

non-invasiveness. Regarding accessibility, our method has a lower cost and greater mobility, 514 
since it is portable, when compared to fMRI. Regarding usability, it is easy to use by health 515 

professionals, especially speech-language pathologists. The third advantage is the fact that the 516 
electrophysiological monitoring method is not invasive to the participant. 517 

As a limitation, the proposed method was restricted to the analysis of aphasic 518 
participants with preserved comprehension, t. The other participants with disturbed 519 
comprehension were unable to follow the guidelines and therefore did not have their data 520 

included in the result.  521 

The notable limitation in this study was our sample size, which was attributed to the 522 
complexity of the participants' condition, most of whom had depression, sadness, and 523 
limitations in moving around. Therefore, our results may not be applicable to all aphasic 524 

participants, and do not preclude the possibility of using other techniques.  525 
The preliminary results obtained may guide the construction of new therapeutic 526 

strategies and may help in the monitoring of aphasic participants. As a near future 527 
perspective, we hope to increase our sample size, extend the analysis to the other lobes of the 528 

brain, and include 3 more tasks (word generation, rhyme, and object naming). We also hope 529 
that other studies can continue this line of investigation, working with the application of 530 
artificial neural networks and artificial intelligence. 531 

 532 

 533 

Conclusions  534 

We used EEG, which allows the recording of electrical currents emitted by the brain 535 

through electrodes applied on the scalp, to analyze how brain activation and wave frequencies 536 

occur in aphasic participants with preserved comprehension. Preliminary results indicate that 537 

the portable EEG device was able to adequately capture brain signals with the perspective of 538 

rehabilitation monitoring, which may support health professionals, especially speech-539 

language pathologists, in rehabilitation centers. 540 

In our sample, 8 in 9 of the participants showed increased electrical activation in the 541 

non-language dominant hemisphere. This may be revealing a migration of language, counter-542 

lateral processing. This is a very interesting result because the idea is that "those who migrate 543 

the function to the other side recover more language". ." Another interesting result was that 544 
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the male participants showed less electrical activation in the right hemisphere, which may be 545 

revealing less language migration and perhaps less recovery.  546 

Based on the experimental results, the proposed method has some positive 547 

implications, such as the possibility of graphical visualization of which areas are more active 548 

in the brain, and especially if there is activation in non-dominant areas of language, which 549 

may indicate improvement in the rehabilitation of the participant, including provoking greater 550 

involvement of the aphasic.  551 

Another implication is the customization in the therapeutic conduct, that is, the speech 552 

therapist may customize the battery of tests in the therapeutic sessions, for each participant, 553 

based on previous sessions, the evolution and monitoring of brain activation. 554 

We also believe that with the expansion of our sample, further analysis of the results, 555 

and inclusion of other linguistic tasks, new studies will emerge to improve the rehabilitation 556 

of aphasics, in the rehabilitation environment or even at home. 557 

For this study, we were interested in analyzing brain activation of aphasic participants 558 

during a sentence completion task. Our next steps will include the adoption of 3 more tasks 559 

(word generation, rhyming, and object naming), to try to associate the EEG patterns with the 560 

pathology of aphasia. 561 

The results obtained may be the starting point to use in the rehabilitation of aphasic 562 

individuals. In future studies we will extend the analysis to the other lobes of the brain to 563 

obtain a complete picture of oscillations. We hope to improve our experiment by creating a 564 

method that can try to predict the improvement of aphasics. 565 

 566 
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