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Abstract: The brain forms EEG waves due to mental processes. This study aims to investigate the 

effectiveness of the EEG theta wave formed in the brain during different numerical and verbal tasks. 

Twenty healthy medical male students without any health problems were included in the study. The five 

questions were answered by the subjects via PowerPoint on the computer screen. Bipolar electrode 

positioning was performed. In this study, domain measurements, FFT, and power spectral density were 

analyzed. As a result of the study, no statistically significant difference was found between EEG theta 

waves obtained as a result of both numerical and verbal correct and incorrect answers (p>0.05). An 

increase in mean amplitude was found in both the numerical and verbal processes to respond 

incorrectly. As a result, no significant change was observed in the domain measurements, frequency, 

and power analysis of EEG theta waves during numerical and verbal correct and incorrect responses.  
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1. Introduction  

EEG is used to measure the functional state and electrical activity of the brain. Different brain 

waves accompany the rhythmic activity of the brain. In particular, the theta wave shows activity in the 

frequency range 4-7 Hz. Theta wave does not affect phase I of sleep but also in working memory, mental 

effort, short-term memory loadings, and cognitive events [1]. EEG measures neurobiological studies 

that occur in mental processes, resting states, and cognitive processes and directly measures the electrical 

activity of the brain [2]. It is known that the analysis of human EEG during various motor and image 

tasks is useful for evaluating the links between nervous system functions and behaviors and provides a 

simple measure of neural activity in real-time. The EEG is captured using wired sensors connected to 

specific locations along with the head [3].  Due to its non-invasive nature, EEG detection is widely used 

in many areas such as neurophysiology, psychology, pathophysiology, cognitive neuroscience, neuro-

engineering, and even social psychology. Also, many studies have interpreted the relationship between 

specific mental states and EEG [4]. In the process of working memory, an increase in theta activity is 

observed, and a decline in memory working decreases the activity of the theta wave [5].  However, in 
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some studies, in the process of difficult mathematical tasks, the degree of difficulty of the mathematical 

problem can be discussed, it is reported that there is no significant change in theta wave [6]. 

In our study, we established the hypothesis that there is a change in the theta wave between 

different numerical and verbal processes. In this study, we investigated the changes in the parameters of 

Fast Fourier Transformation (FFT), Power Spectral Density (PSD), and domain measurements of theta 

wave in mental processes. 

2. Materials and Methods 

The subjects included in the study declared that they are healthy and have no disease. Therefore, 

they do not include any neurological disorders, smoking status, and medical drug consumption, and 

other disease groups. 20 healthy medical male students with no health problems were included in the 

study. The average age is 21.15±2.10 years. The study was started after the consent of all subjects.  

Ethical Procedure: Kırsehir Ahi Evran University Faculty of Medicine Clinical Research Ethics 

Committee decision was taken (2019-07/85). The experiment was carried out according to the 

Declaration of Helsinki. 

2.1. Experimental procedure and EEG data acquisition 

All subjects continued for 10 seconds for numerical and 10 seconds for verbal procedures. 

Biopac sterile disposable electrodes lead set (EL503) were placed on the left side of the skull. The earth 

electrode was placed under the ear. Using Biopac MP36 Student Lab software version 4.1 (BIOPAC 

System Inc., Goleta, CA, USA), analysis of the raw EEG waves for the theta wave was performed. 

In this study, mental procedures were performed with two different methods. The average 

response was 5 seconds for 10 missions. Method 1: numerical correct questions; a) 9X2 = 18, b) 35/7 = 

5, c) 108+3 = 111, d) 57-8 = 49.   Numerical incorrect operations; a) 9X2 = 16, b) 35/7 = 8, c) 108+3 = 

1111, d) 57-8 = 41. 

Method 2: Verbal correct questions; a) Turkey's capital? = Ankara, b) Who is the president of 

the United States? = Trump c) What is the name of the college you're studying? = Kırşehir Ahi Evran 

University, d) What will your profession be when you graduate from this department? = Doctor.  

Verbal incorrect operations; a) Turkey's capital? = Istanbul, b) Who is the US’s president = 

Obama, c) What is the name of the university where you are studying? = Ankara University, d) What 

profession will you do after graduating from this university? = Engineer.  

This study was carried out at Kırşehir Ahi Evran University. The Biopac MP36 student 

experiment system was used for recording with bipolar electrodes. The electrodes were placed on the 

left side of the head. Domain measurements, FFT, and PSD measurements of EEG theta signals were 

measured during mental procedures from all subjects. Figure 1 shows the experimental design, figure 2 

shows the FFT analysis, figure 3 shows the PSD analysis, and figure 4 shows the raw EEG analysis. 
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Figure 1. Experimental design 

 

  
Figure 2.  FFT analysis example                               Figure 3. PSD analysis example 

 

 

                          Figure 4.  EEG raw data analysis and theta wave 

 

2.2. Data Analysis 

The normality hypothesis was tested by the Kolmogorov-Smirnov and the Shapiro-Wilk tests. 

Descriptive statistics of the variables are given as Mean±Standart deviation, Median (25th percentile - 

75th percentile). Paired t-test and Wilcoxon matched-pair test were used for univariate analysis of 

dependent variables. Statistical analysis of the study was performed by using Statistical Package for 

Social Sciences version 21.0 software for Windows (V.21.0. Armonk, NY: IBM Corp., USA). 
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3. Results 

In this study, 3 electrodes were placed on the left side of the subjects as shown in Figure 1. The 

analysis was performed with the help of two computers. Mental tasks were monitored in one computer 

and the EEG record was measured on the other computer. In our study, time-based field measurements 

were taken. These are shown in Table 1 and Table 2.  Min: The minimum measurement finds the 

minimum amplitude value within the selected area. Max: The maximum measurement finds the 

maximum amplitude value within the selected area. Mean: The mean measurement computes the mean 

amplitude value. Std: Standard deviation is a measure of the variability of data points. Skew: Skew is a 

statistical measure of the degree of asymmetry in a distribution. The normal distribution has a skew of 

0. The left tail has a negative skew, the right tail has a positive skew. Kurtosis: It indicates the degree of 

peaknedness in distribution, e.g. the size of the "tails" of the distribution. Lin reg: It is a better method 

to calculate the slope when you have noisy, erratic data [7]. 

 

Table 1. Domain measurements (Mean parameter results for 20 subjects) 

Mean 

(µV) 

Min 

(µV) 

Max 

(µV) 

Std 

dev 

(µV) 

Skew 

(µV) 

Kurtosis 

(µV) 

Lin 

reg 

(µV) 

FFT 

Max 

Value 

FFT 

Max 

F 

PSD 

Max 

F 

PSD 

Max 

Power 

Correct calculation of numerical question for Theta, 10 sec 

0.0025 -8.3887 8.4343 2.3219 0.0089 4.4417 0.0001 0.247 5.394 5.505 0.007 

Miscalculation of numerical question for Theta, 10 sec 

0.0029 -6.7304 7.3858 2.2174 0.0697 3.3104 -0.0001 0.253 5.312 4.905 0.007 

Correct answer to the verbal question for Theta, 10 sec 

-0.0092 -7.5684 7.6766 2.3793 -0.0137 2.9594 0.0019 0.275 5.15 5.252 0.009 

Incorrect answer to the verbal question for Theta, 10 sec 

-0.0009 -8.0445 8.4283 2.4155 0.0084 3.5146 -0.0024 0.273 5.549 5.227 0.008 

 

During numerical correct tasks, mean: 0.0025 µV, FFT value: 0.247 µV, FFT max Frequency: 

5.394 Hz, PSD max power: 0.007µV2/Hz, PSD max Frequency: 4.905 Hz. When numerical tasks are 

answered incorrectly, mean: 0.0029, FFT value: 0.253, FFT max Frequency: 5.312 Hz, PSD max power: 

0.007 µV2/Hz, PSD max Frequency: 4.905 Hz was found to be. Verbal during correct tasks, mean: -

0.0092 µV, FFT value: 0.275 µV, FFT max Frequency: 5.150 Hz, PSD max power: 0.009 µV2/Hz, PSD 

max Frequency: 5.252 Hz. When verbal tasks are answered incorrectly, mean: -0.0009, FFT value: 

0.273, FFT max Frequency: 5.549 Hz, PSD max power: 0.008 µV2/Hz, PSD max Frequency: 5.227 Hz 

was found to be. 

There was no significant difference between numerical correct calculation and numerical 

incorrect calculation in all variables (p>0.05). Similarly, verbal mental tasks were examined and there 

was no statistically significant difference between right and wrong theta waves in all variables (p>0.05). 
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Table 2. Comparison of frequency and power spectral densities obtained from correct and incorrect 

numerical and verbal responses 

 

Parameters 

for Theta 

Mean ± Standart deviation, 

Median (25th percentile - 75 

th percentile) 

Mean ± Standart deviation, 

Median (25th percentile - 75 

th percentile) P 

Numerical correct 

calculation 
Numerical miscalculation 

FFT Max  value (µV) 0.239 (0.1720~0.3020) 0.226 (0.2102~0.2957) 0.538 

FFT Max F (Hz) 5.029 (4.3205~6.6160) 4.931 (4.5890~5.9320) 0.881 

PSD Max F (Hz) 5.058 (4.6690~6.5167) 5.058 (4.669~5.7387) 0.217 

PSD Max Power (µV2/Hz) 0.005 (0.0030~0.0105) 0.005 (0.004~0.0077) 0.867 

 

Correct answer to the verbal 

question 

Incorrect answer to the 

verbal question 

P 

FFT Max value (µV) 0.27505 ± 0.0901 0.27325 ± 0.0692 0.924 

FFT Max F (Hz) 5.1509 ± 1.4377 5.5495 ± 1.1016 0.138 

PSD Max F (Hz) 5.2525 ± 1.1882 5.2278 ± 1.3281 0.918 

PSD Max Power (µV2/Hz) 0.0065 (0.004~0.0130) 0.0060 (0.005~0.01275) 0.684 

P>0.05 was not statistically significant. 

4. Discussion 

In a study conducted by the Jamos et al., in the cognitive performance study of 20 women, it 

was stated that there was an increase in the relative power of EEG theta waves [8]. The researchers 

observed an increase in theta activity during memory study and a decrease in the efficiency of the theta 

wave after memory tasks [9]. As a result of intracranial EEG recording from the hippocampus of 10 

epilepsy patients, two different verbal memory tasks were performed, and it was reported to be 

proportional to theta strength that increased with memory performance by hippocampal stimulation [15]. 

İshii et al. indicated that theta rhythms increased during focused attention on mental computation [10]. 

It is stated that the amplitudes of the theta wave are higher during mental arithmetic performance [11].  

It was found that there was a power increase in EEG theta bands in short-term memory processing 

processes on 10 women [12]. In the study conducted on 16 participants, it was stated that there was an 

increase in frontal theta rhythms during mental arithmetic tasks [13]. In our study, it was observed that 

theta activity in the numerical tasks with the correct answer decreased compared to the theta activity 

with the wrong answer. No change in the power spectral densities of those who gave the correct answer 

and responded incorrectly in numerical tasks was observed. In verbal tasks, an increase in FFT max 

value and PSD max power was observed in the process of responding correctly, while no significance 

was observed in FFT and PSD. No significant decrease or increase was observed between FFT and PSD 
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parameters (p>0.05). In our study, there was an increase in average amplitude in the wrong response 

processes and this was compatible with the literature, but no significant change was observed in the FFT 

and PSD parameters. It is uncertain that this is related to the excitement of the subjects. 

The researchers found an increase in the activity of the EEG theta wave during 4 different mental 

arithmetic tasks [14]. The researchers received the EEG recording from 17 healthy male participants, 

and the participants were asked a total of 10 questions, consisting of numerical, visual, and verbal 

questions with different degrees of difficulty in their favorite music and traffic noise environments. As 

a result of the study, it was concluded that while solving difficult problems, people are more affected by 

the environment than solving simple problems [16]. In our study, an increase in mean amplitude was 

found in both the numerical and verbal processes to respond incorrectly. It was observed that the 

maximum frequency in the raw EEG record taken from the subjects for the theta wave was in the range 

of 4-7 Hz. No significant difference was observed in power analysis in numerical and verbal correct and 

wrong answer tasks. We could not find a statistically significant difference between FFT, PSD, and 

mean values during numerical and verbal tasks (p>0.05). When we look at our literature and study 

findings, it can be seen that EEG recording may be affected by environmental conditions and the 

importance of recording is remarkable. 

Our study is thought to contribute to the literature due to the low number of similar studies. In 

addition, the number of subjects was kept close to the literature studies during the study, but it is a matter 

of curiosity on how the results may change if the sample volume increases. However, since the working 

conditions are standard, the work has repeatability. The disadvantage of this study seems to be the extent 

to which the environmental and subjects' effects are not fully understood. Therefore, more detailed 

studies are needed with different numerical and verbal tasks. Thus, more studies are needed regarding 

theta change in fixed EEG recording and how it changes when mental tasks are applied. 

5. Conclusion 

In this study, the activity of the theta wave formed in the brain during the different responses to 

the same numerical and verbal task was interpreted. Thus, how the brain behaves in the right and wrong 

answers is still a mystery. It is important that a person responds incorrectly to something right, and the 

possibility that it can be detected. It is suggested that the new studies should be attentive to the studies 

by considering the effects such as electrode-induced effects, noises from the devices and subjects, 

ambient sounds, psychological state, and excitement. Therefore, we could not observe a significant 

change in the study, but a more detailed analysis is needed for investigating the brain waves generated 

during these processes. 

 

Ethical Procedure: Kırsehir Ahi Evran University Faculty of Medicine Clinical Research Ethics 

Committee decision was taken (2019-07/85). The experiment was carried out according to the 

Declaration of Helsinki. 

 

The compliance to Research and Publication Ethics: This work was carried out by obeying research 

and ethics rules. 
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