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Abstract: The purpose of this study is to determine differences in student's learning achievement consisting 

of learning outcomes and science process skills. This research was conducted in a special school for girls and 

used two experimental classes, namely experimental class-1 and experimental-2 class. The experimental 

class-1 is the class applied by PjBL with a brain-based STEAM approach, while the experimental class-2 is 

a class that uses PjBL with the STEAM approach without brain-based. This research is a quasi-experimental 

study with a nonequivalent pre-test-post-test control group design. The data analysis technique used is the T-

test. The brain-based learning activities applied in this study are listening to music, drinking water, doing a 

brain gym, working on crossword puzzles, and group determination based on the dominance of students' 

brains. The results showed that the average value of the N-Gain score of student learning outcomes in the 

experimental class-1 was 80,72. Student learning outcomes experimental class-2 is 73,12. In science process 

skills, the experimental class-1 students had an average N-Gain score of 72,50, while the experimental-2 

class was 60,88. The conclusion is the experimental class 1 students have higher learning achievement than 

students in the experimental class 2. 
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INTRODUCTION 

Program for International Student Assessment or called PISA is an ongoing program that offers 

information on educational policies and practices and helps monitor the acquisition of students’ know-

ledge and skills in various countries (Organisation for Economic Co-Operation and Development, 

2015). The PISA grading system is conducted every three years for students aged 15 years who are 

randomly selected (Fernandez-Cano, 2016). The competencies tested in PISA are reading, mathematics, 

and science competencies (She et al., 2018). Seventy-two countries participated in the PISA assessment 

system in 2015 (Organisation for Economic Co-Operation and Development, 2015). Since the imple-

mentation of PISA in 2000, PISA test results have gradually become the global standard for the quality 

of education in a country (Sjøberg, 2015). The results of the PISA test in 2001 showed that several 

developed countries had poor outcomes, such as Germany (Gorur, 2014) and Norway (Sjøberg, 2015). 

According to the Ministry of Education and Culture in Indonesia, Indonesia's participation in 

PISA in 2000, shows that the achievements of children in Indonesia are still below other developing 

countries (Peraturan Menteri Pendidikan Dan Kebudayaan Nomor 68 Tahun 2013 Tentang Kerangka 

Dasar Dan Struktur Kurikulum Sekolah Menengah Pertama/Madrasah Tsanawiyah, 2013). The results 

released by PISA show that Indonesia is yet ranked 10th lowest (Biro Komunikasi dan Layanan 

Masyarakat Kementerian Pendidikan dan Kebudayaan, 2016). Therefore, the Indonesian Ministry of 

Education and Culture evaluates the results of the PISA to formulate a new curriculum (Paparan Wakil 

Menteri Pendidikan Pendidikan dan Kebudayaan Republik Indonesia, 2014). The curriculum is called 

the 2013 curriculum and is implemented starting in the 2013/2014 school year (Peraturan Menteri 

Pendidikan Dan Kebudayaan Nomor 68 Tahun 2013 Tentang Kerangka Dasar Dan Struktur Kurikulum 

Sekolah Menengah Pertama/Madrasah Tsanawiyah, 2013). 

In addition to the PISA test results, the reasons for the development of the 2013 Curriculum in 

Indonesia include advances in science and technology, improving the creative and cultural industries, a 
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convergence of science and technology, and transformation in education (Paparan Wakil Menteri 

Pendidikan Pendidikan dan Kebudayaan Republik Indonesia, 2014). The ability to communicate, the 

ability to live in a global society, readiness to work, and have intelligence following their respective 

fields are things to consider in the application of the 2013 Curriculum (Peraturan Menteri Pendidikan 

Dan Kebudayaan Nomor 68 Tahun 2013 Tentang Kerangka Dasar Dan Struktur Kurikulum Sekolah 

Menengah Pertama/Madrasah Tsanawiyah, 2013). The form of learning in the 2013 Curriculum must 

also prepare students to enter the workforce, as consideration for the development of the 2013 Curri-

culum is to have the readiness to work (Paparan Wakil Menteri Pendidikan Pendidikan dan Kebudayaan 

Republik Indonesia, 2014). 

The world of work in the fields of technology, communication, and informatics is expected to 

continue to increase for the next ten years (Frey & Osborne, 2017). Kor and Zakaria (2019) added that 

there is about 75 percent of new jobs available in these fields in Western Australia. To formwork 

readiness for the younger generation, it is necessary to improve the system in education (Centre for the 

New Economy and Society, 2018). Therefore, we need an education system that is suitable to be applied 

in this era of technology and information, one of which is learning STEM (Science, Technology, 

Engineering, and Mathematics) (Roberts, 2012). Recent research in the United States shows that skills 

in the STEM field also provide higher employment expectations than other areas (Casey, 2012; Hudha 

et al., 2019). Therefore several countries agree to the application of STEM learning, including the Japan 

(Takebayashi & Kumano, 2018) United States, Korea, Singapore, the United Kingdom (Jho et al., 2016).  

But STEM learning alone is not enough to do. (Creative Industries Federation, 2015) States that 

learning also requires the development and maintenance of innovation through the integration of 

elements of art. The inclusion of art elements in education can improve student inquiry skills, problem-

solving skills, and creative thinking (Psycharis, 2018), make learning more exciting, increase the 

creativity of students and develop knowledge and social abilities (H. Kim & Chae, 2016). Besides, the 

application of STEM learning can increase the level of student productivity (Kaleci & Korkmaz, 2018). 

So there was a shift from STEM to STEAM (Psycharis, 2018). STEAM learning is learning that 

integrates elements in STEM and the addition of art elements (Watthananon, 2018). The integration of 

art elements in STEAM shows that education is interdisciplinary learning (Henriksen, 2017), which is 

considered as an accommodation for students to change in various fields of knowledge (M. K. Kim et 

al., 2019). Interdisciplinary learning not only provides learning experiences in different disciplines but 

also provides expertise in producing (Holley, 2017). 

Similar to STEAM, the project-based learning model (PjBL) also involves students in producing 

a product and can improve student productivity capabilities (Spoelstra et al., 2014). This is because PjBL 

is a learning model that provides learning experiences for students in the form of designing and working 

on projects to produce a product (Larmer & Mergendoller, 2015). The purpose of implementing PjBL 

is to hone students' knowledge and skills through project work activities following the material and 

competencies students have (Sani, 2014). Similarly, as stated by (Zubaidah et al., 2017) that PjBL is 

designed to create an appropriate learning environment for students to solve problems in daily life. So 

students are able to deal with a variety of situations (Susetyarini et al., 2019). According to Sani (2014), 

the PjBL stage consists of 6 images entered in the Figure 1. 

 

Figure 1. Syntax of PjBL (Sani, 2014) 

To implementing PjBL in learning, it must begin with asking questions by the teacher to make 

students are motivated to investigate. Then proceed with the project design activities and determine the 

Questioning Planning Scheduling

MonitoringAssessingEvaluating
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schedule. Next is the action of monitoring the progress of projects that have been done by students. Then 

enter the stage of product assessment and evaluation of student experience in making products (Darmadi, 

2017). Figure 2 is a picture of the experience cone, according to Edgar Dale. 

 

Figure 2. Edgar Dale’s cone experience (Sani, 2015) 

Based on Edgar Dale's cone experience, through the activities of designing and working on 

projects in PjBL, resulting in students having high memory (Jackson, 2016). Besides, student experience 

can train students to think and apply concepts so that they meet every aspect of the science process skills 

(Siwa et al., 2013). Therefore Ozer and Ozkan (2012) states that the application of PjBL is effectively 

applied to improve students' science process skills. STEAM learning is very suitable if it is integrated 

with PjBL because it integrates every element in STEAM (Hadinugrahaningsih et al., 2017). Through 

the integration of STEAM in PjBL, there will be many ways to shape learning experiences for students, 

to make learning activities more fun (Miller, 2014). 

The principle of learning that is fun, according to Hannah (2013) is learning that pays attention to 

the condition of students to learn so that they can develop their abilities. This can be obtained through 

brain-based learning, namely learning that considers the condition of students' brains to keep working 

optimally (Jensen, 2011). The principle of brain-based learning is learning that can balance students' 

right and left hemispheres (Quiles-Moukaddem & Hernandez, 2011).  

The ability of students who are dominant in the left hemisphere includes the ability in language 

and logic, while the abilities in dominant students in the right brain are the ability of creativity and 

intuition (Corballis, 2014). Zulkaida et al. (2005) added that the ability of students who are dominant 

right brain is the ability in music, writing, reading, art, and imagination. For students who are dominant 

left brain will have the ability to conclude and analyze. In addition, Jensen (2011); Purwaningsih et al. 

(2015); and Sumardi (2014) also argue about the characteristics of students who are dominant right brain 

and left brain dominant as summarized in the Table 1. 

Table 1. Differences in Characteristics of The Right Brain and Left Brain 

Characteristics of the left hemisphere Characteristics of the right hemisphere 

Liked calculation learning activities Liked the activity of learning the art 

Tend to be active with the right side of the body Tend to be active with the left side of the body 

Verbal communication Nonverbal communication 

Like words, symbols, tables, and letters Liked graphics, pictures, and charts 

Learn from part to whole Learn from the whole to parts 

Gather factual information Gather information about relationships 

Liked sequential things Like random things 

(Jensen, 2011; Purwaningsih et al., 2015; Sumardi, 2014)  

Implementation of brain-based learning can be done by dividing the dominance of students' brain 

dominance groups heterogeneously. It is intended that interaction between students can be increased so 
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that it is following the principle that the brain is a social brain (Frith, 2007). Interaction and commu-

nication in groups are needed to achieve success in learning (Iksan et al., 2012). 

The characteristic of brain-based learning is applying the rest period in learning (Jensen, 2011). 

Activities that can be carried out when implementing a rest period are (1) brain gym (Ramakrishnan & 

Annakodi, 2013); (2) downtime; (3) reflection; (4) relaxation; (5) asking students to drink water (Jensen, 

2011); (6) listening to music or videos for students who are left-brain dominant; (7) playing games that 

can hone the minds of students who are dominant right brain, for example answering questions of 

crossword puzzles (Purwaningsih et al., 2015). Matching the answers with the number of boxes available 

in the crossword puzzle can give students curiosity and will be motivated to answer the question (Sazati, 

2015). Thus, practice answering questions about crossword puzzles can improve students' thinking 

abilities (Laksmi et al., 2014). The activity of answering questions about crossword puzzles can be used 

by the teacher to hone the students' left brain (Purwaningsih et al., 2015). 

The activity of listening to music in learning causes students to be relaxed (Ellis & Thayer, 2010) 

so that they are better prepared to accept further learning (Pfeiffer & Sabe, 2015). The activity of asking 

students to drink water is intended to meet the needs of students' brains  (National Service Center for 

Environmental Publications (NSCEP), 2013) so that they can meet the needs of students' bodily fluids 

to keep concentrating on learning (Buanasita et al., 2015). The application of the brain gym aims to 

minimize the saturation of students (Sesmiarni, 2014). Besides, the role of the brain gym can expedite 

blood flow, trade muscle (Ramakrishnan & Annakodi, 2013), and increase learning concentration 

(Watson & Kelso, 2014). Movement in the brain gym can be used as an exercise in balancing the right 

brain and left brain of students (Abduh & Tahar, 2018). 

The science learning process tends to be logistic (Amriyah, 2018). Similarly, the mindset of boys 

who tend to be logical (Amin, 2018). This is supported by the results of PISA in 2012, which showed 

that boys had better STEM achievements than girls (Organization for Economic Co-operation and 

Development, 2014). However, research conducted by Ismail et al. (2016) is the opposite of 

(Organization for Economic Co-operation and Development, 2014), where achievements in the STEM 

field of girls are better than boys. It is also different from research by (Afriana et al., 2016), which shows 

boys have the same STEM achievements as girls. So that gender differences cannot be generalized in 

terms of increasing student achievement in the STEM field. This requires further research on student 

achievement in the integrated STEAM field. Therefore, this research will be conducted in special 

schools for women through brain-based STEAM learning and STEAM learning without brain-based. 

METHOD 

This research is a study that was applied to a special school for girls, namely SMP Plus Miftahul 

Ulum. This research was conducted in the even semester of the 2018/2019 school year. The type of this 

study is a quasi-experimental research design, which uses experiment-1 class and experimental-2 class. 

The population in this study were 88 students of class VIII, consisting of three classes, namely class 

VIII-A, VIII-B, and class VIII-C. The amount of students in each class is 30, 27, and 31, respectively. 

Before the sample selection is made, homogeneity tests will be conducted first to ensure students in the 

experimental class-1 and the experimental class-2 have the same variant or are called homogeneous. 

Randomization will be carried out if all samples show homogeneous results. 

Student learning groups in the experimental class-1 are distinguished by upper-lower and right-

left class categories, whereas the experimental class-2 is based on the upper-lower class only. The 

experimental class-1 is a class implemented by the PjBL with a brain-based STEAM approach, while 

the experimental class-2 is a class that will be applied by a PjBL with a brain-based STEAM approach. 

Learning material that will be applied in the experimental class-1 and experimental class-2 is about 

sound waves in KD 3.11. Analyzing the concepts of vibration, waves, and sounds in everyday life, 

including human hearing systems and sonar systems in animals. The forms of brain-based learning 

activities for students in the experimental class-1 are as follows: doing a brain gym, group formation 

based on student brain dominance, drink water, listening to music for left-brain dominant students, and 

working on crossword questions for students who are right-brain dominant. 

Learning achievement will be processed through learning outcomes and science process skills 

tests of students. Data collection instruments that will be used are tests of the dominance of students' 

brains, tests of learning outcomes, and tests of science process skills. The brain dominance test of 
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students' is done before the application of learning, which aims as a guideline for group formation in 

students in the experimental class-1. The form of students' brain dominance tests is in the form of 

multiple-choice questions with a total of 20 items. 

The instruments in this study were in terms of learning outcomes, questions about science process 

skills, brain dominance tests, learning plans, and inquiry instructions. All instruments will be validated 

by two experts each. As for the test results of learning and science process skills tests, will be tested to 

other schools and then tested the difficulty, validity, and reliability. The implementation of learning will 

be observed by two observers. The aim is to observe the suitability of the learning plan and its appli-

cation. These two observers will observe through learning videos that have been previously recorded in 

the experimental class-1 and the experimental-class 2. 

Learning outcomes and science process skills tests in the form of essay questions that are carried 

out twice, namely pre-test and post-test. The pre-test is done before treatment, while the post-test is done 

after treatment. The cognitive level used as a reference for making learning outcomes test is C4 (Analy-

zing). Whereas the matter of science process skills measured is only basic science process skills in 

aspects of observing, concluding, interpreting, applying concepts, and communicating. 

Improved student learning outcomes and science process skills between before and after treatment 

are obtained through the calculation of the N-Gain score. The data analysis technique that will be used 

is a two-sample free T-test if the N-Gain score data of learning outcomes and science process skills of 

students are normally distributed. However, if it is not normally distributed, the Mann-Whitney test will 

be used. 

RESULTS AND DISCUSSIONS 

Instrument Test Results 

The following is a summary table of results of instrument validation testing by experts. 

Table 2. Expert Validation Test Results 

Instrument Type Expert 
Percentage of Eligibility  

I II 

Brain Dominance Test 1 92% - 

2 92% - 

Lesson Plan in the first experimental class 1 92% 98% 

2 92% - 

Lesson Plan in the second experimental class 1 92% 98% 

2 92% - 

Investigation Instructions 1 87,5% 100% 

2 91,6% - 

Learning Outcomes Test 1 75% 95% 

2 77,5% 90% 

Science Process Skills Test 1 75% 95% 

2 75% 92,5% 

The Table 2 shows that all instruments have an eligibility percentage above 75%. This shows that 

the instrument used is suitable for use in a study. 

Learning outcomes and science process skills tests that have been tested at other schools, then the 

difficulty, validity, and reliability are measured. The following are the results of the difficulty test about 

the learning outcomes and science process skills. 

Table 3. Difficulty Test Results 

Instrument Interpretation  No. item   Percentage  

Learning Outcomes Test Medium 1,2,3,4, and 6 83% 

Easy 5 17% 

Science Process Skills Test Medium 1,2,3,4, and 5 100% 

Table 3 shows that learning outcomes have medium and easy interpretation, while science process 

skills questions have medium interpretation. The results of the validity test on the instrument are shown 

in Table 4.  
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Table 4. Summary of Validity Test Results 

Instrument Information  Total  No. item  Percentage 

Learning Outcomes Test Valid  3 1,2, and 6 50% 

Invalid 3 3,4, and 5 50% 

Science Process Skills Test Valid  3 1,4, and 5 60% 

Invalid 2 2 and 3 40% 

Table 4 shows that there are three valid and invalid questions each in the learning outcome ques-

tions. In the matter of science process skills have three valid categories and two questions with invalid 

categories. The results of a reliability test on the instrument trials are shown in the Table 5. 

Table 5. Summary of Reliability Test Results 

Instrument Cronbach Alpha Value Information  

Learning Outcomes Test 0,724 Reliable  

Science Process Skills Test 0,737 Reliable 

The Table 5 shows that the results of learning and science process skills have a level of reliability 

with a reliable category. 

Learning Implementation Results 

The results of the implementation of learning carried out to measure the suitability of the learning 

plan with learning activities. Figure 3 is a picture of the percentage agreement between Observer 1 and 

Observer 2 in the experimental class-1 and the experimental-class 2. 

 

Figure 3. Percentage of Observers' Agreements in Experimental Class 1 and 2 

The Figure 3 shows that the percentage of observer agreement in the experimental class-1 and 

experiment-2 at 1st meeting was 96%, the percentage of observer agreement in the experimental class-

1 and experiment-2 at 2nd meeting was 100%, the percentage of observer agreement in the experimental 

class- 1 at 3rd meeting was 97% and the percentage of observer agreements in the experimental class-2 

3rd meeting was 93%. 

Homogeneity Test Results 

A homogeneity test was performed using the results of students' daily tests. Here is a table of 

homogeneity test results (Table 6). 

Table 6. Homogeneity Test Results 

Class Significance Information 

Class VIII-A and VIII-B 0,233 Homogen 

Class VIII-B and VIII-C 0,687 Homogen 

Class VIII-A and VIII-C 0,439 Homogen 

The Table 6 shows that all classes have the same or homogeneous variants. Therefore randomiza-

tion was carried out to determine the experimental class-1 and the experimental class-2. The random-

ization results are class VIII-B as experimental class-1, while class VIII-C as an experimental class-2. 

Brain Dominance Test Results 

The brain dominance test is applied in the experimental class-1 for group formation according to 

the dominance of the students' brains. The following is a comparison picture of the brain dominance of 

students in the experimental class-1 (Figure 4). 

96%

100%
97%96%

100%

93%

1st meeting 2nd meeting 3rd meeting

Experiment class-1 Experiment class-2
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Figure 4. Comparison of Student Brain Dominance in the Experimental Class-1 

Based on the Figure 4, it can be concluded that the majority of students in the experimental class-

1 have right-brain dominance with a percentage of 75%, while the dominant brain is 25%. This shows 

that students in the experimental-1 class tend to have the ability to play music, imagine, and draw. It's 

the same as what is stated by Jensen (2011) students who are dominant right brain tend to have the 

ability to play music, images, and draw. 

Learning Outcomes Data 

Student learning outcomes data of experimental class-1 and experimental class-2 are summarized 

in the Table 7. 

Table 7. Learning Outcomes Data of Student 

Class Test form Average value Average N-Gain score N-Gain score criteria 

Experiment Class-1 Pre-test 6,48 
90,72 High 

Post-test 81,85 

Experiment Class-2 Pre-test 6,86 
73,12 High 

Post-test 69,02 

Table 7 shows that the N-Gain score of the experimental class-1 is 80,72 higher than the N-Gain 

score of the experimental class-2, which is 73,12. Criteria for the N-Gain score in the experimental class-

1 and experimental class-2 are high. 

Science Process Skills Data 

Data on the science process skills of the experimental class-1 and experimental class-2 students 

are summarized in the table below.  

Table 8. Science Process Skills Data of Student 

Class Test form Average value Average N-Gain score N-Gain score criteria 

Experiment Class-1 Pre-test 10,37 
72,50 High 

Post-test 75,19 

Experiment Class-2 Pre-test 9,61 
60,88 Medium 

Post-test 64,71 

The Table 8 shows that the N-Gain score of the experimental class-1 is 72,50 better than the N-

Gain score of the experimental class-2 class, which is 60,88. Criteria for N-Gain score in the 

experimental class-1 is high while in the experimental class-2 is medium. 

Normality Test Results 

Table 9 below summarizes the results of normality tests. 

Table 9. Summary of Normality Tests Results 

Data type Class Significance Information Statistic test 

Learning Outcomes Data Experiment-1 0,200 Normal distribution T-test for two free 

samples Experiment-2 0,062 Normal distribution 

Science Process Skill 

Data 

Experiment-1 0,000 Not Normal distribution Mann-Whitney Test 

Experiment-2 0,200 Not Normal distribution 

25%

75%

Left Brain Dominance

Right Brain Dominance
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Table 9 shows that learning outcomes in the experimental class-1 and the experimental class-2 

have normally distributed data. So the decision of the statistical test uses the T-test for two free samples. 

Another case is the science process skills of students in the experiment class-1 that is not normally 

distributed. But in the experimental class-2, science process skills data have normally distributed data-

statistical decision tests for N-Gain process skill scores using the Mann-Whitney test. 

Statistical Test Results 

A summary of the statistical test results is shown in Table 10.  

Table 10. Summary of Statistical Tests Results 

Data type Statistic test Significance Alpha Decision 

Learning Outcomes Data T-test for two free samples 0,034 0,05 There is a difference 

Science Process Skill Data Mann-Whitney Test 0,001 0,05 There is a difference 

The Table 10 shows that there are differences in students' learning outcomes and science process 

skills between the experimental class-1 and the experimental-2 class. 
The learning equation applied to experiment class-1, and experiment class-2 is the project-based 

learning model (PjBL) with the STEAM approach. The success of the application of learning is evidenc-

ed by the post-test average value, which is higher than the average pre-test value (Table 7). The imple-

mentation of PjBL in the experimental class-1 and the experimental-2 class provides active learning 

experiences for students in the form of designing and working on projects carried out in collaboration 

and making product presentations, as the opinions expressed (Larmer & Mergendoller, 2015) that the 

application of PjBL causes students to be involved in the process of planning and working on projects 

so they can produce a product. This is consistent with the statement Jackson (2016) that through learning 

experiences such as resulting in students having high memory. The integration of art elements in this 

research is in the form of project design activities. Through this activity, students are very interested in 

participating in learning, which is shown by the enthusiasm of students in asking questions and express-

ing opinions. This is consistent with the idea H. Kim and Chae (2016) that activities in the aspect of art 

make students more interested in learning. 

Increasing the average value of the N-Gain score of student learning outcomes in experimental 

class-1 and experimental class-2 is not the same. The average value of the N-Gain score of student learn-

ing outcomes in the experimental class-1 is higher than in the experimental class-2. This is caused by 

differences in learning that is applied in each class. The difference in learning that is applied in the 

experimental class-1 and the experimental-2 class is brain-based learning. 

Students who are left-brain dominant are treated in the form of listening to music using earphones. 

Based on researchers' observations, students are more enthusiastic about learning after being given 

treatment in the form of listening to music. This is consistent with the opinion Ellis and Thayer (2010) 

that music in learning can cause students to be relaxed so that they are better prepared to participate in 

further learning (Pfeiffer & Sabe, 2015). Right-brain dominant students are given special treatment in 

the form of doing crossword puzzles. The aim is to sharpen the left side of the student's brain as an 

opinion (Purwaningsih et al., 2015) that through crossword puzzles, the teacher can sharpen the left 

brain of the student. Based on researchers' observations, students are very serious about working on 

crossword puzzles. This is following the opinion (Sazati, 2015) that is working on the problem of 

crosswords, and students will be motivated to continue thinking through matching the answers with the 

box provided. So that students' thinking skills can be improved (Laksmi et al., 2014). 

Students in the experimental class-1 also received drinking water treatment. This is intended to 

prevent dehydration in students, as the opinion (National Service Center for Environmental Publications 

(NSCEP), 2013) that teachers must take care of the needs of students' brains, one of which is to prevent 

lack of fluids in the student body. Based on the researchers' observations, the experimental class-1 stu-

dents were more active than the students in the experimental-2 class. In addition, some students in the 

experimental class-2 are sleepy. This is because students in the experimental class-1 get treatment in the 

form of drinking water in learning. This is following the opinion that the fulfillment of student body 

fluid needs leads to optimal learning concentration (Watson & Kelso, 2014). 

The formation of the experimental group-1 class students was carried out based on the top-down 

group and the right-left brain group, while the experimental-2 class was only formed according to the 

top-down group. Based on researchers' observations, students in the experimental-1 class interact in 
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project planning and are more active when working on projects, giving rise to the same understanding 

between students in the group. This is consistent with the statement that the brain is a social brain, 

namely the principle of the brain, in terms of being happy with activities that require interaction in 

groups whose brain dominance is heterogeneous (Frith, 2007). Interaction and communication in the 

group also cause students to learn good learning outcomes as an opinion (Iksan et al., 2012) that to 

achieve success in learning also requires interaction and communication in groups. 

In the experimental class-1, students who are dominant right brain will focus more on project 

design while students who are dominant left brain will focus more on the application of project concepts. 

This is consistent with the opinion (Corballis, 2014) students who are dominant left brain has the ability 

to analyze while students who are dominant right brain have the ability in creativity. Unlike the case 

with the experimental class-2 students whose group formation is not based on brain dominance, students 

tend to be passive in interacting with their group peers. This is due to the possibility of one group of 

students of experimental class-2 having homogeneous brain dominance. For example, a group that is 

dominant in the right brain or dominant in the left brain. The dominant right brain group will continue 

to focus on project design and difficult to focus on the application of project concepts. Similarly, in the 

dominant left brain group, students will continue to focus on the application of concepts and experience 

difficulties in terms of project design. 

The application of a brain gym is used to minimize student boredom due to a dense learning 

process and aims to prepare students to receive further learning (Sesmiarni, 2014). The application of a 

brain gym is made at the beginning of learning, and when students begin to not focus on learning. In a 

class that applies a brain gym, students are more enthusiastic about learning and more ready to accept 

the next learning. This is because movements in the brain gym can expedite blood flow and stretch the 

nerve muscles due to fatigue and stress as an opinion (Ramakrishnan & Annakodi, 2013) that a brain 

gym can smoothen blood flow so students can concentrate more (Watson & Kelso, 2014). The brain 

gym movement used is a different movement between the right hand and the left hand at the same time, 

which aims to balance the students' right and left brains. This is consistent with the opinion (Abduh & 

Tahar, 2018), which states that the movement can be used as an exercise to balance students' right and 

left brains. 

Similar to learning outcomes, the average N-Gain score of students' science process skill scores 

in the experimental class-1 and experiment-2 class also increased. This is evidenced by the average 

value of the N-Gain post-test score, which is better than the average value of the N-Gain score pre-test 

for students' science process skills in each class. Through PjBL learning that is applied in the experi-

mental class-1 and the experimental-2 class, students have active learning experiences in the form of 

designing projects, working on projects, and presenting products as proposed by Larmer and 

Mergendoller (2015). Through these learning experiences, students can think and apply concepts direct-

ly so that they can meet aspects in the science process skills of students as the opinion expressed by 

Siwa et al. (2013) that every aspect of science process skills can be fulfilled and applied through PjBL. 

This is consistent with what was stated by Ozer and Ozkan (2012) that the application of PjBL could 

improve students' science process skills. 

However, the increase in the average value of the N-Gain score of students' science process skills 

in the experimental class-1 is better than the average value of the N-Gain score of the experimental 

class-2 (Table 2). One factor that distinguishes this is the application of brain-based learning. Experi-

mental student-1 has a high concentration of learning. It was proven during the learning process, and 

the experimental class-1 students were not sleepy, actively asked questions, and argued. While the 

experimental class-2 tends to be passive in the learning process, this indicates that learning applied to 

students in the experimental class-2 does not show the principle of pleasant learning, in accordance with 

the opinion (Hannah, 2013) that pleasant learning is learning that considers the condition of students in 

learning. Learning that pays attention to the condition of students causes students to have an optimal 

concentration of learning through paying attention to the condition of the student's brain as (Jensen, 

2011) states that learning that pays attention to the condition of students can influence students 

concentration. The concentration of learning can be done in various ways, one of them by implementing 

a brain gym (Watson & Kelso, 2014). 
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CONCLUSION 

Based on the results of research and discussion, it was concluded that there were differences in 

student achievement in the experimental class-1 and the experimental-2 class. The average value of 

learning outcomes and science process skills of experimental class 1 students is better than in 

experimental class 2. 
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