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Abstract 
 

Brain wave data collection had been conducted on 35 students from SMAN 2 

Cikarang Selatan, Indonesia, during their physics exam between August and 

September 2024. This research aimed to process brain wave activity 

experienced by students three minutes before the exam, during the 40-minute 

exam period, and three minutes after the exam, focusing on stress 

management that may affect brain activity through amplitude changes and 

frequency shifts using the consumer-grade EEG device Muse 2.0. Mental 

demand and frustration can be objectively measured using EEG through 

Beta/Alpha (β/𝛼) power ratio and Theta/Beta (θ/β) power ratio. In addition to 

using EEG, students' cognitive load is also assessed subjectively using the NASA-

TLX questionnaire. The analysis of β/𝛼 power ratio differences after and before 

the exam categorized subjects into five groups: Positive 2, Positive 1, Neutral, 

Negative 1, and Negative 2. The results indicate that a certain level of 

increased cognitive load during the exam led to lower test scores than neutral 

cognitive load conditions. A rise in β wave power during the exam provides 

insight into individuals striving to engage with cognitive tasks optimally. The β/𝛼 
power ratio difference has a moderate positive correlation (0.263) with 

increased mental demand, suggesting that subjects experienced excessive 

cognitive load during the exam. Higher mental demand is associated with an 

increase in the power of β frequency in the frontal lobe. Additionally, a weak 

positive correlation (0.077) was found between the frustration indicator in 

NASA-TLX and the (θ/β) power ratio difference. 

 
Keywords: Brain waves, cognitive load, mental demand, frustration, theta/beta 

power ratio, beta/alpha power ratio, NASA-TLX 
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1.0 INTRODUCTION 
 

Stress is a mental health phenomenon affecting 

individuals due to various causal factors. The brain 

plays a critical role in stress management because 

stress can influence brain activity by altering the 

processing of information provided [1]. Acute stress 

levels are associated with changes in the prefrontal 

cortex, responsible for decision-making, memory, and 

attention modulation. Stress also affects the 
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hippocampus, which is related to memory and 

learning functions [1]. There are two types of stress: 

positive stress, which enhances learning abilities, and 

negative stress, which suppresses learning abilities [2]. 

An educational journey is one of the triggers of 

stress for students during the learning process [3]. 

Packed schedules often cause excessive anxiety at 

school due to diverse demands, a multitude of 

stressors, including academic workload, exams, peer 

pressure, and academic expectations from parents or 

teachers, which can lead to anxiety, depression, and 

burnout [4] [5]. Academic accomplishments are a 

significant life goal for students and can be severely 

impacted if students succumb to depression, which 

induces cognitive burdens [6] [7] .  

The 2015 PISA (Programme for International 

Student Assessment) revealed that 64% of female 

students and 47% of male students experienced 

excessive anxiety when facing exams [8]. This anxiety 

arises from the fear of failure or making mistakes, 

affecting students' performance during exams. 

Physics, a subject demanding high concentration and 

cognitive ability, often requires literacy and numeracy 

skills to analyze problems. Students’ perception about 

physics and its nature, such as being cumulative and 

hence missing one concept makes it hard to grasp the 

subsequent one, too much material to learn, being 

abstract and theoretical with many laws and rules, 

and being abundant with many formulas requiring 

mathematical background etc., makes them feel 

physics is difficult [9]. Consequently, physics often 

becomes a daunting subject for students, increasing 

their cognitive load. 

Measuring academic stress levels among students 

is particularly challenging since there are variations in 

individual mental conditions. 

Electroencephalography (EEG) is a technique used to 

measure electrical activity generated by brain neuron 

firing, also known as cerebral electrical activity [10]. 

Electroencephalograms (EEGs) measure the brain's 

electrical activity, which is often employed for 

quantitative methods to study stress. Due to its ability 

to reflect both normal and abnormal brain electrical 

activity, EEG is a powerful tool in neurology and 

clinical neurophysiology [11]. EEG is a non-invasive 

and painless procedure widely used to study the 

brain's cognitive processes [11]. EEGs show variations 

in amplitude and frequency of brain waves, which are 

associated with mental states and psychological 

disorders [12].  

Under stress, the brain responds with changes in 

electrical signals observable through EEG. An increase 

in β activity has been found in stressful conditions, 

which is associated with alertness, focus, and 

concentration [13]. At the same time, the brain also 

typically exhibits a decrease in 𝛼 activity during stress, 

suggesting that stress can suppress the 𝛼 rhythm. This 

relation forms the basis of the β/𝛼 ratio, where higher 

values indicate stress and lower values indicate 

relaxation [14], [15]. The β/𝛼 power ratio can indicate 

the cognitive load experienced by students [16]. The 

analysis of this ratio provides insights into the relative 

balance between relaxation and mental alertness. An 

elevation of 𝛼 to β activity in the frontal area can 

reflect increased cognitive load [17]. The EEG results 

showed significant decrease in alpha rhythm power 

(p<0.01) and increase in beta rhythm power (p<0.02) 

on the PFC under stress condition [18]. 

The 𝛼 band often shows sensitivity to mental 

workload experiments [19] [20], cognitive fatigue [21], 

attention and alertness [22]. Continuous suppression in 

the 𝛼 band appears linked to increased task difficulty 

[23]. The β band is associated with visual attention 

[24], short-term memory tasks [25], and working 

memory [26]. Increased β band activity correlates 

with heightened task engagement [27] and 

concentration levels [28]. Reduced 𝛼 activity 

corresponds with increased frontal-parietal activity, 

indicated by higher β power and decreased θ, 

reflecting heightened vigilance [29]. The theta/beta 

(θ/β) power ratio is another indicator of student stress. 

The θ/β ratio aids the study of emotional-cognitive 

interactions and their biological functioning [30]. 

Apart from EEG's objective methods, students' 

cognitive load can be measured subjectively through 

the NASA-TLX questionnaire, with quantitative results 

to measure human performance objectively. The 

questionnaire consists of primary and secondary task 

measures [31]. 

This study aims to measure high school students' 

cognitive load and stress levels due to physics exams. 

The objective measurement uses EEG data through 

β/𝛼 and θ/β ratios, and the subjective measurement 

uses the NASA-TLX questionnaire. A more 

comprehensive analysis is conducted by examining 

the correlation between EEG results and NASA-TLX.  
 

 

2.0 METHODOLOGY 
 

Based on data completeness and the health status of 

participants, 35 male students were selected from 41 

volunteers at SMAN 2 Cikarang Selatan, Indonesia. The 

participants, aged 15 to 17 years, were chosen to 

facilitate practical access and ensure the efficient use 

of equipment. The research site was determined by the 

approval granted for data collection. EEG recordings 

were conducted for 46 minutes per participant 

between August and September 2024. Prior to 

participation, all students provided written informed 

consent, confirming their voluntary involvement in the 

study. The study began with the preparation of tools, 

namely Muse 2.0 (InteraXon Inc., Canada; RRID: 

SCR_014418) (Figure 1a) and an Android tablet 

equipped with the Mind Monitor application. The 

equipment was a consumer-based EEG device with 

electrodes AF-7, AF-8, TP-9, TP-10, and references 

CMS/DRL (Figure 1b), and it is not intended for 

diagnostic or clinical use in this study. Previous 

validation studies demonstrate that the Muse system 

can reliably record ERP components such as the N200, 

P300, and reward positivity [32], and more recent work 

has confirmed its capability to measure the N400 effect 

with acceptable reliability [33].  
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(a) 

 

 

(b) 
Figure 1 (a) Muse 2.0 (b) Electrode’s position [34] 

 

 

EEG data recording consists of three stages: 

before, during, and after the exam. The data 

collection process for three minutes before the exam 

was conducted by asking subjects to sit quietly and 

remain relaxed. During the 40-minute exam, the 

subjects were instructed to answer 30 physics exam 

questions sequentially, with a maximum score of 100. 

The method of answering followed the real exam 

activities conducted in school, using Google Forms as 

the medium and paper with pens for calculations. 

Subjects were asked to minimize movements that 

could affect the data. After completing the exam, 

EEG recording was conducted for three minutes with 

the subjects in a relaxed state. Following this, subjects 

were asked to complete the NASA-TLX questionnaire 

based on their feelings. Finally, a brief verbal interview 

was conducted for confirmation. 

EEG data were acquired using the Muse 2 

headband (InteraXon Inc., Toronto, Canada; RRID: 

SCR_014418). To ensure full access to raw EEG signals 

at the native sampling rate (256 Hz), we used the third-

party application Mind Monitor (mind-monitor.com; 

James Clutterbuck, Toronto, Canada), which is not 

bundled with the Muse hardware and must be 

purchased separately. Brain wave frequencies can be 

classified into five categories for further analysis: delta 

δ (0.5–4 Hz), theta θ (4–8 Hz), alpha 𝛼  (8–13 Hz), beta 

β (14–30 Hz), and gamma γ (30–50 Hz) [12].The EEG 

spectrum can be expressed in absolute terms as the 

energy within the selected frequency bands. Absolute 

Band Power (ABP) represents the total power within a 

specific frequency range and is presented on a 

logarithmic scale with units called Bels [34]. Data is 

provided for AF-7, AF-8, TP-9, TP-10 electrode channels 

in Muse 2.0.  

Data in (.csv) format from Mind Monitor only 

provides a sampling rate of 1-2 data points per 

second, which does not meet the tool's specifications 

(256 Hz). Therefore, data processing is conducted 

through the Mind Monitor website. Data from the Mind 

Monitor website includes average comparisons of 

ABP, brain waves in the left and right hemispheres, 

frontal and temporal lobes, and average values for 

each frequency band of brain waves. 

 

Figure 2 Data recording flow 

 

 

The data obtained during the 40-minute exam is 

divided manually every five minutes and then 

processed through the Mind Monitor website to see 

the average ABP data. The data was processed using 

Microsoft Excel to show changes in brain wave 

condition before, during, and after the exam. 

 

∆= (
𝐴𝐵𝑃𝛽

𝐴𝐵𝑃𝛼
)

𝑎𝑓𝑡𝑒𝑟

− (
𝐴𝐵𝑃𝛽

𝐴𝐵𝑃𝛼
)

𝑏𝑒𝑓𝑜𝑟𝑒

 (1) 

 

The β/𝛼 power ratio was calculated in the frontal 

lobe of the brain to analyze the cognitive load 

condition and the θ/β ratio for the indication of the 

stress experienced by the subject. Then, the difference 

(∆) of the β/𝛼 power ratio before and after the exam 

(equation 1) was calculated. The difference in 

β/𝛼 power ratio results was grouped into five 

categories (Figure 3): neutral, positive 1 (P1), positive 2 

(P2), negative 1 (N1), and negative 2 (N2). The criteria 

were performed after calculating the mean value (-

0.026) and standard deviation (SD = 0.138) of 35 

subjects. 

 
Figure 3 Data grouping 

 

 

The processing of NASA-TLX questionnaire data 

begins with calculating the weighted values of six 

indicators listed on the first page of the questionnaire. 

The NASA Task Load Index is a multidimensional rating 

procedure that provides an overall workload 

assessment based on the average of six indicators: 

Mental Demands, Physical Demands, Temporal 

Demands, Own Performance, Effort, and Frustration 

[35]. The weight of each indicator is determined by 

asking the subject to choose between two indicators, 

identifying which one is perceived as more dominant 
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in contributing to mental workload for the given task. 

The total weight amounts to fifteen. 

Subsequently, rating calculations are performed 

for each indicator on the second page of the 

questionnaire. These ratings are scaled from 1 to 100, 

with five-unit intervals. The rating values are then 

multiplied and summed by their respective weights. 

The NASA-TLX score is obtained by dividing the total 

value by fifteen, after which the cognitive workload 

experienced by the subject is classified accordingly.  

The categorization results from both EEG and 

NASA-TLX are then correlated to determine the 

relationship between the two methods using Pearson 

correlation. The Pearson correlation coefficient ranges 

from -1 to +1, measuring the strength and direction of 

the relationship between two statistical categories. A 

negative coefficient suggests that an increase in one 

variable is accompanied by a decrease in the other, 

and vice versa. A correlation coefficient close to zero 

indicates a weak relationship between variables. A 

positive correlation coefficient indicates that both 

variables tend to increase, or both tend to decrease. 

Values approaching -1 or +1 signify a strong linear 

relationship between them. 
 

 

3.0 RESULTS AND DISCUSSION 
 

The increase in the β/𝛼  power ratio in the frontal lobe 

is associated with a rise in cognitive load [16]. Greater 

engagement in cognitive processes during decision-

making leads to an elevated β/𝛼  ratio, indicating a 

less relaxed state and increased stress [36]. 

The classification of the differences in the β/𝛼  
power ratio is presented in Table 1. The neutral 

category suggests that the cognitive load of the 

subjects did not undergo significant changes after 

being given the stimulus of completing 30 physics 

exam questions within 40 minutes. The negative 

category indicates that the subjects’ cognitive load 

tended to decrease following the exam process, 

whereas the positive category signifies an increase in 

cognitive load during the exam. The p-value was 

derived using the Shapiro-Wilk test, confirming that the 

data satisfied the assumption of normality. 

 

Table 1 Difference in the β/𝛼  power ratio and exam scores 

for each category 

 

Excessive increases (p = 0.223) or decreases (0.273) in 

the difference in the β/α power ratio (positive 2 or 

negative 2) result in lower average exam scores 

compared to other categories. Six individuals were 

identified as experiencing an increase in cognitive 

load after the physics exam, with an average ± SD 

exam score is 23.5±6.9 out of 100. For subjects in the 

positive 2 (P2) category, cognitive overload occurs 

when task demands exceed the available resources 

of an individual, rendering them unable to accurately 

process relevant information or generate appropriate 

responses. Cognitive load is a fundamental concept 

in human performance studies, arising from the 

observation that the human cognitive system has a 

limited capacity for executing cognitive tasks. This 

limitation reduces efficiency and drastically increases 

the likelihood of errors [37]. This phenomenon can be 

explained by the hypothesis that students in the P2 

category experienced an increase in cognitive load 

due to time constraints during the exam, a 

competitive learning environment that hindered their 

comprehension of the material, ultimately leading to 

a decline in their performance. 

In the negative 2 (N2) category, a decrease in 

cognitive load and a decline in the average exam 

score to 20.9±6.1 out of 100 were observed, indicating 

that the subjects did not put forth optimal effort during 

the examination process and demonstrated 

insufficient concentration in utilizing working memory 

to complete cognitive tasks. Working memory 

functions as the central processing unit of the nervous 

system, serving as a temporary storage mechanism 

that depends on individual capacity [11]. It is defined 

as a structural component of the human brain 

responsible for temporarily storing and manipulating 

specific information [38]. The quantitative data from 

this study aligns with previous research conducted by 

other scholars, which has demonstrated a significant 

decline in student performance during timed tests 

compared to untimed tests, despite both assessments 

having identical levels of difficulty [39]. These 

experimental findings suggest that time constraints 

may be a key factor contributing to the decline in 

student performance in real exam scenarios. 

The Positive 1 (P1 and Negative 1 (N1) categories 

have higher average exam scores and higher p-value 

because the subjects tried to focus on the questions 

and enhance their memory in completing cognitive 

tasks. The Neutral category indicates that the subjects’ 

mental load did not undergo significant changes after 

taking the exam, allowing them to accurately process 

relevant information. 

The β frequency band, operating at 13-30Hz in the 

frontal lobe, provides insights into cognitive processes 

such as thinking, task focus, problem-solving, and 

decision-making [40]. Alpha 𝛼 waves exhibit sensitivity 

to mental workload and cognitive fatigue, with 

increased α wave activity being associated with 

reduced attention and alertness [31]. The frontal lobe 

plays a crucial role in high-level cognitive processes, 

prospective memory, speech and language 

∆ β/𝜶   Category 
Exam 

Score  

Number of 

Subjects 

P-

value 

(∆ ≥ 0.103) Positive 2 23.5±6.9 6 0.223 

(0.034 ≤ ∆ 

< 0.103) 
Positive 1 28.0±9.1 5 0.389 

(-0.034 ≤ ∆ 

<0.034) 
Neutral 27.2±8.4 9 0.273 

(-0.034≤ ∆ 

< -0.103) 
Negative 1 31.7±7.3 7 0.391 

(∆ ≥ -

0.103) 
Negative 2 20.9±6.1 8 0.473 
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functions, as well as the ability to make decisions 

related to reasoning, learning, and creativity [41]. 

Investigative findings suggest that the frontal region of 

the brain is the dominant area in representing stress 

[42]. 

Figure 3 shows data on the β/𝛼  power ratio in the 

frontal lobe for one subject chosen randomly, 

representing each category during the exam. The 

frontal brain region is connected to sensor electrodes 

AF-7 and AF-8, which correspond to the left and right 

foreheads, in the Muse 2.0 device. Completing physics 

exam questions is a cognitive task performed to 

observe the subject's brain wave conditions 

The quantitative data of three subjects in 

categories P2, P1, and neutral show a fluctuating and 

increasing trend at the end of the exam session, 

indicating that all three subjects were trying to focus 

on the questions and enhance memory in completing 

cognitive tasks. The high and stable β/𝛼  power ratio 

condition for S13-Neutral provides information about 

an individual striving to fully engage with the cognitive 

task with 𝑝 =  3.69 𝑥 10−8 as shown in Table 2. 

Figure 3 β/𝛼  power ratio for one subject per each category 

during the exam 

 

 

A Shapiro–Wilk test was conducted to examine the 

normality of the β/𝛼  power ratio distributions across 

one representative subject in each experimental 

categories as shown in Table 2 number one to five. The 

results indicated that all subjects demonstrated 

normally distributed data (all p > 0.05). Subsequent 

significance testing revealed that the β/𝛼  power ratio 

was highly significant across each subject in all 

categories, including Positive 1, Positive 2, Neutral, 

Negative 1, and Negative 2 (all p < 1.2 × 10⁻⁸). These 

findings suggest that the β/𝛼  power ratio is a stable 

and robust neural marker during the exam, regardless 

of emotional category. 

However, for S27 in category N1, the β/𝛼  power 

ratio decreased during the exam process (𝑝 =
 1.98 𝑥 10−9). Similar data was also observed for S35 in 

category N2, which had the lowest β/𝛼  power ratio 

among all subjects and showed a declining trend (𝑝 =
 5.82 𝑥 10−8). Research from other studies suggests that 

β waves are associated with visual attention, short-

term memory tasks, and working memory 

enhancement [31]. Based on this, it can be 

concluded that during the physics exam, S35 did not 

experience excessive cognitive load and made little 

effort to concentrate to activate working memory for 

completing the cognitive task. 

 

Table 2 Data statistics of β/𝛼  power ratio per each category 

during the exam 

 

No Category Normality P_value 

1 S1-Positive 2 0.165 1.18 x 10-8 

2 S9-Positive 1 0.494 7.65 x 10-9 

3 S13-Neutral 0.263 3.69 x 10-8 

4 S27-Negative 1 0.468 1.98 x 10-9 

5 S35-Negative 2 0.300 5.82 x 10-8 

6 All-Positive 2 0.015 1.91 x 10-27 

7 All-Positive 1 0.865 7.88 x 10-40 

8 All-Neutral 0.095 6.98 x 10-58 

9 All- Negative 1 0.164 6.22 x 10-37 

10 All-Negative 2 0.083 2.05 x 10-42 

 

 

When comparing across categories for all subjects 

(number 6 to 10), the results indicated that all 

conditions yielded extremely significant β/𝛼 power 

ratios (all p < 10⁻²⁷). Among them, the neutral 

condition demonstrated the strongest effect (p = 6.98 

× 10⁻⁵³), followed by negative 2 (p = 2.05 × 10⁻⁴²), 

positive 1 (p = 7.88 × 10⁻⁴⁰), negative 1 (p = 6.22 × 

10⁻³⁷), and positive 2 (p = 1.91 × 10⁻²⁷). Although 

positive 2 showed a significant deviation from 

normality (p = .015), the overall trend suggests that the 

neutral condition elicited the most pronounced β/𝛼  
ratio differences, whereas positive 2 produced the 

weakest—though still highly significant—effect. These 

results highlight variation in the magnitude of neural 

responses depending on emotional category, with 

neutral yielding the strongest statistical evidence. 

The brain wave conditions of five selected 

representative subjects are shown in Figure 4 for the β   
frequency band in the left and right hemispheres. In 

the cognitive task of solving physics exam questions, 

the left hemisphere is associated with reasoning 

processes for solving numerical and scientific 

problems and the ability to use and understand 

language. Meanwhile, the right hemisphere manages 

spatial perception and patterns, generating mental 

images to compare spatial relationships [41]. During 

cognitive tasks, attention focus, and the central 

nervous system interact, particularly in maintaining 

and manipulating relevant information, which is 

commonly modelled by the concept of working 

memory [37]. 
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Figure 4 ABP in beta frequency band for left and right 

hemisphere (a) S1-P2 (b) S9-P1 (c) S13-Neutral (d) S27-N1 (e) 

S35-N2 

 

 

Based on Figure 4(a), EEG recordings indicate that 

S1-P2 tends to use the left hemisphere of the brain 

more than the right hemisphere. This suggests that S1-

P2 approaches the physics exam questions using 

numerical and scientific reasoning processes. 

However, the difference in Absolute Brain Power (ABP) 

for β frequency between the left and right 

hemispheres for this subject is relatively small, with 𝑝 =
 0 .067. This value indicates relatively balanced β 

activity over the 40-minute session.  A High amplitude 

of ABP (≥75 B) indicates that the subject experiences 

an increase in cognitive load during the exam. This 

aligns with the previously established β/𝛼  category, 

where S1-P2 undergoes excessive cognitive load, 

decreasing performance during the exam, with a 

lower exam score. Similarly, Figure (c) (p = .054) and 

Figure (d) (p = .140) revealed no statistically significant 

hemispheric asymmetry, suggesting that in these 

conditions, β/𝛼   power was distributed comparably 

across both hemispheres. 

S9, categorized as positive 1, demonstrated a 

highly significant effect (p = 1.89 × 10⁻⁶), with 

consistently stronger β activity in the right hemisphere 

relative to the left across all time intervals. (𝑝 =
 1.89𝑥 10−6). Relevant research indicates that β 
frequency brain waves in the left hemisphere show 

increased activity when solving complex arithmetic 

problems [43]. This aligns with the data shown for S9 in 

Figure 4(b), as the physics exam questions presented 

increased in difficulty sequentially. This implies that S9 

heightened attention and focus on an effort to 

complete the cognitive task. 
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A comparable pattern was observed in Figure 4(e), 

where the right hemisphere exhibited greater beta 

activity than the left, supported by a robust level of 

significance (p = 4.52 × 10⁻⁷). Taken together, these 

findings suggest that while β activity was largely 

symmetrical in some conditions, specific experimental 

contexts elicited pronounced hemispheric 

differences, particularly favouring the right 

hemisphere. 

S35-N2 exhibited dominance of the right 

hemisphere of the brain, which was more active 

during the exam process. According to relevant 

research, β brain waves are typically higher in the left 

hemisphere than in the right, and an increase in right 

hemisphere β asymmetry is an indicator of anxiety or 

stress [44]. However, S35 falls into the negative 2 

category based on the previously conducted β/𝛼  
power ratio classification. The interpretation of this 

phenomenon could suggest that S35-N2 did not 

experience excessive cognitive load due to a lack of 

understanding of the physics exam questions and 

instead relied more on mental recall by processing 

memory images using the right hemisphere of the 

brain to solve problems. 

After the test, the researcher interviewed all 

subjects (based on Figure 2). The interview results show 

that out of 30 physics exam questions, all subjects were 

required to answer 20 questions within 40 minutes, with 

some not completing the entire exam. They resorted 

to guessing the answers as time ran out. On average, 

subjects attempted 15-25 questions.  

Additionally, subjects were asked about their 

problem-solving methods: S1 solved questions directly 

using rough calculations, S13 skipped difficult 

questions and used rough calculations, while only 

recalling materials, formulas, or questions previously 

discussed in class.  NASA-TLX is a subjective assessment 

of a subject's mental state based on six subscales: 

mental demand, physical demand, temporal 

demand, own performance, effort, and frustration. 

Before rating, the subject must choose between two 

indicators 15 times to determine the indicator weights, 

then provide a rating for each scale from 1 to 100. 

During the questionnaire completion, subjects were 

informed about the rating criteria for each indicator 

on a scale of 1 to 100. 

The processed data is then classified based on 

Figure 5, which presents data from all 35 subjects. The 

quantitative scores obtained from the questionnaire 

analysis are categorized according to cognitive 

workload classification based on the NASA-TLX 

questionnaire. The workload classification is defined as 

follows: 1)0 ≤ x ≤ 20: very low, (2) 20 ≤ x ≤ 40: low, (3) 40 

≤ x ≤ 60: moderate, (4) 60 ≤ x ≤ 80: high, and (5) 80 ≤ x 

≤ 100: very high [45]. 

Responses regarding problem-solving methods 

confirmed the categorization of subjects based on the 

β/𝛼  power ratio difference, with S35 ranking last in the 

negative 2 category due to not fully utilizing cognitive 

ability during the exam. The final question asked about 

the subjects' conditions after the exam, with most 

feeling relief and calm. However, S1 reported 

experiencing dizziness, which aligns with the increased 

β/𝛼  power ratio difference. In contrast, S35 reported 

feeling neutral, corresponding to a decreasing β/𝛼  
power ratio difference. 

Figure 5 Number of subjects based on NASA-TLX with EEG 

results 

 

 

Based on the data in Figure 5, eight subjects fall 

into the classifications of very high, high, moderate, 

and low cognitive workload according to NASA-TLX. 

Yet, they are categorized as N2 based on the β/𝛼  
power ratio results from EEG. This discrepancy arises 

because the NASA-TLX questionnaire is subjective 

assessment of cognitive load, influenced by each 

subject's individual condition.  

Subjects in the N2 category, according to EEG 

results, reported experiencing anxiety, stress, and 

frustration while working on the physics exam, but they 

did not utilize their brain's full capacity to solve the 

problems effectively. For subjects in category P2, three 

individuals were classified as experiencing high and 

moderate cognitive workload based on NASA-TLX. 

Literature reviews suggest that subjects with a high 

cognitive workload experience stress, leading to 

frustration while solving mental arithmetic tasks due to 

their lack of mastery in arithmetic concepts [45].  

Subjects with a moderate cognitive workload face 

slight difficulties when solving arithmetic problems [45]. 

Meanwhile, subjects with a low cognitive workload do 

not experience stress or difficulty in solving mental 

arithmetic tasks because they have a strong grasp of 

arithmetic and feel confident [45]. Based on this 

research interpretation, subjects classified as 

experiencing high and moderate cognitive workload 

in category P2 have not yet mastered the physics 

exam material and struggle with problem-solving, 

which aligns with the β/𝛼  power ratio analysis, 

indicating excessive cognitive load. The physics exam 

material covered vectors and kinematics, which 

require mathematical comprehension and critical 

reasoning skills for proper understanding.  

The raw data analysis between the difference in 

β/𝛼 power ratio and the mental demand of NASA-TLX 

was conducted on all 35 subjects, as shown in Table 3. 
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A similar analysis was performed on the difference in 

θ/β power ratio in the same table. Additionally, 

correlations between NASA TLX and EEG power ratio 

difference were statistically analyzed and the results 

are presented in Table 4.  

Several studies using EEG to evaluate stress levels 

have indicated that brain waves with lower 

frequencies (δ, θ, 𝛼) can serve as features for 

distinguishing between stress-related and normal 

emotional states [42]. Theta (θ) activity shows signs of 

stress response, and an increase in θ oscillations 

suggests periodic memory representation retrieval 

[36]. Higher θ values are associated with increased 

cognitive resource demands, greater task difficulty, 

and enhanced memory. Specifically, θ levels appear 

to rise in situations requiring prolonged concentration 

during task execution [31]. 

 

Table 3 Data of ∆ Power Ratio and NASA-TLX for all subjects 

 

Subject ∆ θ/β ∆ β/𝜶 
NASA-TLX 

Mental Demand Frustration 

S1 -0.236 0.252 100 25 

S2 -0.362 0.211 360 400 

S3 -0.189 0.147 150 300 

S4 -0.277 0.137 100 120 

S5 -0.109 0.135 70 90 

S6 -0.553 0.106 225 55 

S7 -0.064 0.086 320 50 

S8 -0.172 0.080 210 400 

S9 -0.135 0.048 120 110 

S10 -0.026 0.044 210 240 

S11 -0.037 0.040 160 0 

S12 -0.228 0.027 280 85 

S13 -0.052 0.027 135 60 

S14 0.051 0.023 195 340 

S15 0.018 0.017 135 0 

S16 -0.105 0.017 40 0 

S17 -0.062 0.012 65 400 

S18 -0.118 -0.001 70 300 

S19 -0.120 -0.004 180 130 

S20 -0.136 -0.006 60 30 

S21 0.288 -0.037 45 150 

S22 -0.067 -0.041 65 0 

S23 0.003 -0.048 165 0 

S24 0.026 -0.054 60 80 

S25 0.012 -0.067 30 0 

S26 0.164 -0.083 150 0 

S27 0.118 -0.085 180 0 

S28 0.448 -0.107 150 375 

 

Subject ∆ θ/β ∆ β/𝜶 
NASA-TLX 

Mental Demand Frustration 

S29 0.377 -0.123 195 100 

S30 0.065 -0.133 120 300 

S31 0.162 -0.143 170 150 

S32 0.055 -0.180 255 425 

S33 0.747 -0.258 170 425 

S34 0.227 -0.310 60 195 

S35 1.132 -0.421 45 25 

 

 

Based on research conducted using NASA-TLX for 

the mental demand indicator, a negative correlation 

(-0.270) was found with the difference in θ/β power 

ratio. Mental demand is a subscale related to the 

subject's mental state in completing the physics exam 

as a cognitive task [35]. The correlation coefficient 

indicates that high mental demand is associated with 

a lower difference in θ/β power ratio. Relevant studies 

have revealed a link between the θ/β ratio and 

cognitive load, which requires attentional control [46]. 

According to Table 4, a small positive correlation 

(p_value = 0.662) is observed between the frustration 

indicator in NASA-TLX and the difference in θ/β power 

ratio. Theta/beta (θ/β) power ratio has been positively 

correlated with stress levels as obtained previously by 

another study [36]. In NASA-TLX, frustration represents 

anxiety and feelings of pressure experienced by the 

subject during the exam process [35]. The correlation 

coefficient indicates a relationship wherein an 

increase in frustration corresponds to an increase in 

the difference in θ/β power ratio. However, the 

correlation coefficient (0.077) suggests that the data 

gives a weak linear relationship. 

 

Table 4 Correlation between EEG results and NASA-TLX 

 

NASA TLX Indicator 
Correlation 

Pearson  
P_value 

θ/β – Frustration 0.077 0,662 

β/𝛼  – Mental Demand 0.263 0.127 

 

 

An increase in θ spectral power correlates with 

rising cognitive resource usage  [19] [47], task difficulty 

[48] , and working memory [21]. Theta (θ) waves have 

been linked to regulating motivational and emotional 

processes [49]. Higher θ/β ratios are associated with 

higher stress levels [50]. Conversely, lower θ/β ratios 

indicate stronger concentration capabilities [16]. 

These findings are consistent with increased stimulus-

driven attention during anxiety and stress states [51]. 

Alpha (𝛼) waves primarily appear when the brain is in 

a relaxed state, while β waves are present when the 

brain is in an active mode and under stress [36]. Table 
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4 concludes that the difference in β/𝛼  power ratio 

positively correlates (p_value = 0.127) with increased 

mental demand experienced by the subjects, 

indicating that they encountered excessive cognitive 

load during the exam. The correlation coefficient 

(0.263) suggests that the data gives a moderate linear 

relationship. A similar result was also obtained in 

another study [50], where a decrease in the 𝛼/β  (or 

increase in the β/𝛼) ratio occurs when decision-

making requires greater cognitive engagement. 

 

 

4.0 CONCLUSION 
 

The difference in β/𝛼 power ratio between after and 

before the physics exam categorizes the research 

subjects (35 high school students) into five categories: 

positive 2 (P2), positive 1 (P1), neutral, negative 1 (N1), 

and negative 2 (N2). Excessive increases or decreases 

in the difference of β/𝛼  power ratio (P2 or N2) result in 

lower average exam scores compared to other 

categories. In the P2 category, cognitive overload 

occurs when task demands exceed the resources 

available to an individual. In the N2 category, 

cognitive load decreases because subjects do not 

exert maximum effort in the exam process. The P1, 

neutral, and N1 categories have better average 

exam scores because subjects strive to pay attention 

to the questions and enhance their memory for 

completing cognitive tasks. 

Physics exams, which require numerical 

calculation and critical thinking, are associated with 

increased β waves in the left hemisphere. However, 

data from five representative subjects—each 

representing one of the five categories—show 

different tendencies in using the left and right 

hemispheres. This variation is due to individual 

differences in problem-solving approaches, as 

revealed through interviews, such as imagining 

solutions versus performing direct calculations.  

A small positive correlation (0.077) is found 

between the frustration indicator in NASA-TLX and the 

θ/β power ratio difference, which is consistent with 

previous research [36]. A moderate positive (0.263) 

correlation also occurs between the β/𝛼  power ratio 

difference and the increased mental demand in 

NASA-TLX, per a prior study [16]. 
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