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Abstract  

 One becomes aware of the evidence of cognitive insights following attending the research-based 

learning program with contemplative education, electroencephalography (EEG) and electrodermal activity 

(EDA) were used to track the improvement of emotional and cognitive states. Research-based learning 

(RBL) and teaching models were developed to enhance research characteristics and cognitive training for 

children in the 21st century. To date, there have been no reliable cognitive tools to monitor the cognitive 

insight of the child who attends the course. The EEG, EDA, and cognitive scores of 30 healthy students 

participating in a research-based program for an hour per week were evaluated prior to the course, 3 and 6 

months after the program started. The cognitive tests included a standard progressive matric (SPM) test, 

arithmetic test, Eriksen flanker task and biofeedback sessions. The same procedures were determined in the 

comparative students’ group. After 6 months of taking the program, students in the RBL group showed a 

significant improvement in their SPM and arithmetic test scores. A significant increase in beta and gamma 

activity was detected in the temporal cortex of the RBL group during the SPM test. A more significant 

enhancement of frontal theta power was observed during the arithmetic test. This study shows that 

contemplative education and RBL improve cognitive abilities, indicating a significant increase in EEG 

quantity for cognitive engagement and the ability to confer individual differences in cognitive abilities. 

Keywords: Contemplative education, EEG, Research-based learning, Young children, Cognitive 

development 

 

Introduction 

 RBL consists of 3 domains: Contemplative Education (CE), Systematic Thinking (ST) and 

Professional Learning Community (PLC). CE aims to put the learner and their self-reflective mindfulness 

at the heart of the teaching and learning process, rather than focusing on measurable outcomes. To help 

students develop higher intelligence, learning should be promoted in this way to help them understand and 

realize the value of what they learned. These are processes for coaching and mentoring master teachers 

(MTs) to coach and facilitate their students for RBL [1]. Obtaining knowledge from this concept involves 

3 aspects; profound listening, thoughtful thinking, and seeing as it is the goal to create a fundamental change 

in the way of thinking, beliefs, and new consciousness about self, the world and things that affect intelligent 

behavior and lifestyle [2].  

 Through the use of the research process to explore the subject being studied, learning management 

emphasizes the importance of the student’s knowledge creation for themselves as much as possible. Using 

RBL management, learners will be able to develop their intellectual abilities, advanced thinking skills in 

critical reflection, the ability to solve problems using reason, the ability to work with others and the ability 

to conduct research [3]. Since more interaction occurs between teachers and learners, teachers prepare to 

teach less since they can make the learners know and understand more. Learning skills empower the learners 

to learn continuously, research skills enable them to become knowledgeable, and teachers could exchange 

knowledge with learners. The research-based approach enables the students to not only gain knowledge but 

also develop the skills to cope with changes in a knowledge-based society. In addition to being independent, 

students will be able to criticize from an interdisciplinary perspective [4]. 
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 Cognitive science is the field of psychological research that investigates scientific studies of the way 

people think, feel, recollect, reason, disconnect and solve problems while avoiding overlapping concepts 

such as philosophy that may overlap [5]. There are widespread individual differences in the ability to 

reason, solve problems and learn, and this leads to human differences in the general ability to cope with 

challenges. Cognitive skills development refers to the maturing of a variety of abilities and involves the 

maturation of a broad range of abilities [6]. Skill development is a dynamic process that begins early in life 

and lays the groundwork for later success [7]. A frontoparietal network is generally implicated in 

intelligence based on structural and functional neuroimaging studies [8]. The same network is also 

implicated in perception, memory storage and language functions. It has also been demonstrated that 

emotion and mental readiness have a significant impact on various cognitive processes in humans, including 

perception, attention, learning, memory, reasoning and problem-solving [9]. The insula, frontal, 

anterior/superior and medial temporal, posterior and paracingulate, lateral occipital cortices, thalamic 

volume, and the white matter microstructure of thalamic and association fibers, and of the forceps minor 

exhibited unique contributions to intelligence [10]. Along with neuroplastic mechanisms, disengaging 6 

weeks from the “real world” in favor of virtual settings may similarly induce adverse neurocognitive 

changes caused by significant reductions in grey matter within the orbitofrontal cortex - a brain region 

implicated in impulse control and decision-making [11]. As part of the concept of mental intelligence 

studies, research brain conceptual learning builds rapport among teachers, learning managers, students, and 

communities, by listening to each other and learning from each other while using “conversational 

aesthetics” to foster academic learning within a context of real-life community/social contexts. Student 

achievement is an important indicator of an educated outcome, however, observed behaviors and academic 

scores are insufficient to suggest the positive results of a conscience education. The purpose of this study 

was to examine brain function development of cognitive skills in students participating in contemplative 

education with a research-based program by collecting EEG data and conducting neurocognitive 

assessments. 

 

Materials and methods 

 Participants 

 The participants were included from the specific target group by the selection method of purposive 

sampling as this study aimed to study the competency development process of early childhood education 

students studying in research-based courses. A sample of 30 children from the schools who participated in 

contemplative education with a research-based program was collected in the experiment group. The age 

range was 9 to 10.5 years old. The age average of the children in the experiment group was 9.8 years old. 

A comparative group was conducted with 30 students of the same age from nearby schools in similar 

environments. The age range was 7.7 to 10.4 years old. The age average of the children in the control group 

was 9.5 years old. All participants were verified healthy with normal vision and right-hand dominance. This 

study was performed under the principles of the Declaration of Helsinki and approved by the Prince of 

Songkla University ethics committee (HSc-HREC-63-043-1-1). 

 

Program intervention 

The course was conducted by the academic staff who had expertise in teaching the course for 2 h per 

week over a 6-month period. The institution where the children receive the course reported that the students 

had not received a similar course prior to the current study. Schools in the RBL group have identified active 

teaching activities for the research-based project activity as shown in Table 1 during the 1st semester of the 

academic year 2022, every Wednesday during the 4th and 5th periods, and identified the 2 teachers who will 

lead the project. Lesson plans have been designed for a total of 15 activity procedures based on 4 basic 

steps consisting of contemplative and moral steps, the concept and knowledge stage, the practical of the 

new knowledge creation and lessons learned. Throughout activities, students were given the freedom to 

think and present their thoughts confidently. Teachers acted as mentors and guided them to accomplish. 
Design and building experiment sessions allow students to brainstorm with 2 - 3 individuals per group to 

create a research project. Teachers act as coaches to monitor students’ progress, and students reflect on 

their learning. 
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Table 1 Lesson plans and procedures of a research-based project. 

Lesson plans Procedures 

Preparation 
Know yourself and 

understand your studies 

Thinking and 

problem-solving 
STEM with science skills 

Skill training Questioning skills Communication skills Interviewing and recording skills 

Survey Community 

Data analysis and 

preliminary 

experiments 

Create a project topic 

Designing and 

building the 

experiment 

Variables and 

experiments 

Variables and 

experiments 
Variables and experiments 

Data collection 

and summary 

Analyze and 

summarize 

experimental results 

The simple summary 

of knowledge 
Preparing to publish the work 

 

Cognitive evaluation tests 

The study protocol was drawn as shown in Figure 1. Each session lasts for about 2 min in an air-

conditioned room with a temperature of 25 °C and quiet, and children are allowed a few minutes to rest 

before starting a new session. The test consisted of 3 phases: 2 min eye open focused on the fixation of the 

screen, 2 min eye closed and cognitive evaluation. The cognitive evaluation included Eriksen flanker, 

Raven’s standard progressive matric, arithmetic tasks and biofeedback session. The order of the tests was 

randomized to reduce the effect of late fatigue that might be seen in young participants.  

For the Eriksen flanker task, the target is positioned in the center and is flanked by nontarget stimuli. 

The individual is requested to press the left or right arrow key according to the target’s direction. It is called 

congruent stimuli or compatible mode when the nontarget stimuli are oriented in the same direction as the 

target, and incongruent stimuli or incompatible mode when the nontarget stimuli are oriented opposite to 

the target.  

SPM test consists of 24 items, with each item becoming progressively more difficult. The SPM 

presents a series of 2×2 geometric designs with 1 piece missing. The participants must select the correct 

missing piece from the 5 options correctly and promptly. The SPM score is calculated based on the score 

multiplied by the amount of time to answer correctly since the stimulus was presented.  

In the arithmetic test, there are 2 levels, each of which contains 15 items. There are 0 and 1 on the 

item of level 1 and 1 to 9 on the item of level 2. Numbers appear randomly for 3 numbers in each 3 s, and 

the participant has 30 s to answer the summation. Participants monitored their skin conductance levels on 

the screen for the 2-minute biofeedback session, and they constantly controlled themselves to keep or 

increase the tracing levels. There was another audio disturbance 2 min later that they had to control in the 

same way. 

 

EEG and EDA acquisition and analysis 

Participants sat on the chair with a backrest and recorded EEG using the MuseTM EEG headband while 

performing the tasks prior to the research project course, 3 and 6 months after the courses [12,13]. 

Electrodes on the MUSE EEG system are analogous to 2 frontal (AF7 and AF8) and 2 temporals (TP9 and 

TP10). Fpz serves as the reference electrode. These are named and positioned according to the International 

10 - 20 System. The electrode impedance of the device was kept lower than 5 kΩ, the sampling rate was 

digitized at 1 kHz, and a band-pass filter of 0.01 - 100 Hz was used. A 50 Hz notch filter was applied to 

eliminate power line artifacts. Brainwave amplitudes for delta (1 - 4 Hz), theta (4 - 8 Hz), alpha (8 - 12 Hz), 

beta (12 - 20 Hz), and gamma (30 - 50 Hz) were measured in decibels (dB). Data was sent to the Mind 

Monitor app to compute their power spectral density (PSD) using a Hanning window cosine with 50 % 

window overlap and 1,024 FFT size. EEG powers from 2 specific electrodes were averaged for the frontal 

region and temporal region. The relative change of the EEG band was expressed as a proportion to the 

open-eye period as shown in the formula below. In cases of electrode artifacts, the electrodes were adjusted, 

and the recording session restarted.  

 

Relative change of EEG/EDA = ((Test – Eye opened))/((Test + Eye opened)).                         (1)    
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EDA activity signals were measured by BIOPAC MP36 data acquisition hardware with a 2,000 Hz 

sampling rate. Along with Biopac Student laboratory software, SS57LA electrode leads were placed on the 

index and middle fingers of the non-dominant hand. The EDA measured skin conductance between 2 silver-

coated electrodes with a 35 Hz sampling frequency. Maximal skin conductance values were analyzed in 

each session as relative change calculated according to the same relative change of EEG.  

 

 
Figure 1 Study paradigm. 

 

 Statistical analysis 

 All data were expressed as the mean ± SEM. The behavioral and electrosignal data were analyzed by 

using the open-source software Jamovi Version 2.4.1.1. Two-way ANOVA and Tukey post hoc test were 

used to determine the significant effect of the treatment and recording sessions.  

 

Results and discussion 

 Analyses of EEG determinations and autonomic nervous system responses were conducted on RBL 

education. The significant effect of RBL and time taken to the course on the SPM task (F(2,274) = 12.52, 

p < 0.001) was analyzed by 2-way ANOVA. Students taking the course showed a significantly higher SPM 

score after 3 months (p = 0.0029) and 6 months (p = 0.015) as shown in Figure 2. For the control group, 

the significant change was found after 3 months from prior recording, but not after 6 months. This effect 

was compared to the prior score before taking the class. The effect of the course showed the influence on 

EEG brain activity at the temporal brain region with the specific frequency ranges in the beta (F(2,100) = 

6.414, p = 0.0024) and gamma (F(2,100) = 3.475, p = 0.0348) ranges. Relative change of beta (p = 0.0032) 

and gamma (p = 0.0089) bands during performing SPM tasks were significantly increased in students who 

took the course for 6 months in comparison to the comparative group. 

 
Figure 2 (A) SPM scores, (B) temporal beta, and (C) gamma brain activities while performing the SPM 

task.  
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 Two-way ANOVA also revealed the influences of time taking the course on arithmetic reaction time 

(F(2,348) = 7.837, p = 0.0005). Figure 3 shows the reaction time to answer the simple arithmetic questions 

in level 1 of students who took the course spent more speed in the 3 months (p = 0.0211) and 6 months (p 

= 0.0126) in comparison to the prior recording. The influence of the course and time taken was significant 

to the frontal EEG brain activity during arithmetic tasks (F(1.98) = 12.16, p = 0.0007). Theta activity was 

significantly higher in students who took the course at the 6 months (p = 0.0089) in comparison to the 

comparative group. No significant change was observed in the temporal cortex. 

 

 
Figure 3 (A) Reaction time and (B) anterior frontal theta brain activities during performing the arithmetic 

task.  

 

 The course was also statistically found to be influential on the ability to control themselves according 

to frontal EEG brain activity (F(1,100) = 18.71, p < 0.0001). Figure 4 shows students who took the course 

for 6 months had high activity on delta frequency (p = 0.019) in comparison to the comparative group. The 

same pattern was found in the effect of the audio disturbance during biofeedback (F(1,100) = 17.76, p < 

0.0001). Students who took the course for 6 months had higher theta frontal activity (p = 0.0219) when 

compared to the comparative group. 

 

 
Figure 4 (A) EEG delta brain activities at the temporal cortex during performing biofeedback and (B) EEG 

theta brain activities at the frontal cortex during auditory disturbance biofeedback. 

 

 

 Changes in the skin conductance level (SCL) reflect an increase or decrease in autonomic arousal, 

and there is a 2nd component known as the phasic component that refers to the signal elements that change 

quickly, the Skin Conductance Response (SCR). In the representative EDA recording shown in the upper 

of Figure 5, the SCL dropped when the eyes were closed, and then spiked when the tasks were performed, 

and the ANOVA analysis revealed no significant differences in relative EDA of the tasks between the 

groups.  
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Figure 5 EDA tracing among phases during recording sessions. (A) relative change of maximal skin 

conductance value during pre-, post-3 and post-6 months of the course starting in SPM test, (B) arithmetic 

task, (C) Eriksen flanker, (D) biofeedback, and (E) biofeedback with audio-disturbance. 

 

 

The concept of cognition is much more complex than what we usually consider it to be, and 

intelligence is a more finely tuned concept of cognition. There have been numerous psychological 

constructs analyzed as predictors of academic success over the past century, and they have been relevant 

for more than a century [14-16]. It has been shown that academic achievement is heavily influenced by the 

functioning of basic cognitive processes, such as a person’s ability to process information, their working 

memory ability and their sense of numbers [17-21]. Higher-order cognitive abilities are determined by the 

accuracy and speed of information processing [22]. In direct perception, the visuospatial working memory 

is responsible for storing and processing visual information related to spatial location and visual stimuli 

[23,24]. Furthermore, visual working memory is also critical for success in a variety of scientific 

disciplines, from mother-tongue acquisition to mathematics, including basic arithmetic and geometric 

calculations, as well as spatial relationships [15,25]. 

 Using Raven’s standard progressive matrices test or progressive test, individuals are assessed for their 

ability to reason and solve problems without extensive reliance on declarative knowledge from schooling 

or previous experience [26]. Consequently, the significant increase in gamma and beta activity in the 

temporal cortex of the RBL group after 3 and 6 months of taking the program points to development in 

fluid intelligence which reflects the individual’s clear-thinking ability, and spatial and logical skills. There 

is a strong correlation between cognitive processes and integral outputs in the temporal brain regions, in 

particular learning and memory, involving fast and flexible dynamic coordination and information gating. 

The hippocampus (HPC) is a structure of the temporal lobe extensively studied in spatial cognition where 

information is selectively processed using beta and gamma oscillations to shape cognitive behavior. The 

window of opportunity of the gamma cycle corresponds to the cell assembly lifetime. When multiple 

objects must be kept in mind during working memory tasks, 1 object is coded by a gamma cycle nested 

within 1 theta cycle. As a result of inhibition in GABAergic transmission, hippocampal gamma is activated 

and cognitive performance is improved [27]. The research found that emotion recognition using EEG was 

positive in gamma band distribution in the lateral temporal lobe (roughly 30 to 50 Hz) [28]. As part of the 

retrieval and formation of memory, perceptual attention, decision-making, and manipulation, the angular 

gyrus (AG) has extensive connections with the medial temporal lobe, precuneus, dorsolateral prefrontal 

cortex, and superior parietal lobe. The use of 40-Hz high-frequency repetitive transcranial magnetic 

stimulation (rTMS) over the bilateral angular gyrus in patients with probable Alzheimer’s disease shows 

that modulating gamma-band oscillations improves cognitive function, improving long-range, dynamic, 

and local brain connectivity [29]. Increasing the EEG rhythm indicates heightened brain activity and higher 
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consciousness degrees [30]. This core node can facilitate the integration of information across cognitive 

domains [31,32].  

 A distributed brain network called the default mode network (DMN) is responsible for cognition, 

including episodic memory and internal thought monitoring. It is composed of a diverse set of brain regions, 

including the posterior cingulate cortex, the medial prefrontal cortex, the angular gyrus, the anterior 

prefrontal cortex, the lateral temporal cortex, and the medial temporal lobe (MTL). A slow-wave (< 4 Hz) 

synchronization dominates intra-DMN connectivity, and Beta synchronization dominates cross-DMN 

interactions [33]. The slow delta activity in the temporal lobe indicated the involvement in the brain process 

of emotional control and coordination on inhibition of the sensory afferents. Therefore, the decrease in delta 

power activity in the temporal cortex of the comparative group during 3rd recording suggests that doing the 

test repeatedly is generally boring for them, which results in a limited attention span and lack of interest in 

what is occurring repeatedly. This effect was not observed for students in the RBL group. 

 An indicator of success in mathematics learning from primary to high school is the ability to estimate 

the number of objects without directly counting them [34]. Arithmetic proficiency is mediated by fact 

retrieval and calculation since prior knowledge facilitates fast access to learned arithmetic facts [35]. Speed 

and accuracy of performance are also affected by attentional resources, sequencing mental operations and 

decision-making. Moreover, resources for working memory (i.e., storing and manipulating information 

temporarily) are needed when it is difficult to retrieve results and they need to be calculated based on 

decomposition rules and other criteria. In order to retrieve learned facts and perform more elaborate 

calculations, when necessary, the prefrontal cortex is responsible for decision-making, sequencing and 

working memory. Theta increases in them with the workload associated with numerous processes including 

working memory, problem-solving, encoding, or self-monitoring and representing the dynamic functional 

binding of widely distributed cortical assemblies, essential for cognitive processing. The frontal lobe 

(reasoning center) is intertwined with the posterior parietal lobe, occipital lobe and temporal lobe with the 

midbrain to pursue and accomplish neuroplasticity and learning [36]. Lower frontal theta activity was 

observed in the boredom condition, indicating a lack of cognitive control [37]. Thereafter, the higher speed 

to answer in the arithmetic task level 1 of RBL students suggests an achievement process via visual sensory, 

retrieval memory, numeric integration and decision-making. In addition to that, theta activity in the frontal 

areas was higher in the 3rd recording, whereas frontal theta dropped in the comparative group. 

 

Conclusions 

 Putting together, research-based project classroom activities could develop fluid intelligence, 

mathematic learning, and cognitive self-control. The maintaining beta and gamma activity in the temporal 

cortex during the SPM task, frontal theta during the arithmetic task and temporal delta power during 

biofeedback including frontal theta activity during audio disturbance confirms the engagement of the brain 

to succeed in cognitive learning. Because the course was assigned once a week to students, this RBL course 

must be strengthened more than once a week to maintain high performance over time. The study of brain-

behavior relations can be evaluated by using multiple methodologies, and EEG is a relatively simple and 

inexpensive approach to examining relationships during development. 
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