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ABSTRACT 

The development of Science and Technology is a feature of the 21st century which requires students to have 

critical thinking, creative thinking, communication, and collaboration skills. This study aims to need analysis to 

develop an e-module for a renewable energy-integrated PBL model based on a smartphone to improve students' 

creative thinking and communication skills. The objects of this study were three high school physics teachers, 70 

class X high school students, and teacher documents in the form of learning objectives, teaching modules, and 

documents on the student's midterm assessment results. Data collection techniques used in this study were 

questionnaires, documentation, and tests of student's creative thinking and communication skills. Data collected 

were analyzed using quantitative descriptive statistical analysis techniques. Based on data analysis, the study 

results include: 1) the use of ICT in physics learning is in the sufficient category, this is not in line with the 

significant potential use of technology in schools, especially the use of smartphones, 2) students characteristics 

seen from the components of background, interest in learning, learning motivation, learning styles, and students' 

attitudes are in a good category, but the value of knowledge and creative thinking skills and students' 

communication is still low, 3) the learning objectives carried out by the teacher as seen from the flow analysis of 

the learning objectives of three teachers are in the category sufficient, 4) the learning arrangements carried out 

by the teacher by looking at the teaching modules of three teachers are in the sufficient category. 
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I. INTRODUCTION 

The development of science and technology in education has produced many innovations to support the 

learning process [1]. The rapid development of science and technology has changed the paradigm of learning in 

the world of education, shift in digital learning marks the development of science and technology, requiring 

individuals to have 21st-century skills. Development Science and technology characterize the 21st-century and 

influence the global order of life. The pace of science and technology development has indirectly required 

prerequisites for the human ability to obtain opportunities to participate in it [2][3]. In order to cope with the 

advancements in science and technology individuals are expected to possess relevant skills in the 21st century to 

cope with the advancements in science and technology. 

The 21st-century skills are skills that a person needs to successfully face increasingly complex challenges, 

especially to achieve success in life [4][5]. The 21st-century is marked as the century of openness or 

globalization. In the 21st-century human life is experiencing fundamental changes that are different from the 

order of life in the previous century. The 21st century demands student skills to be ready to face existing 

challenges [3][6]. 21st-century skills have become basic skills that students must have today. Four skills are 

essential for students to master, known as the 4C skills. These skills consist of critical thinking, creative thinking, 

communication, and collaboration skills [7][8]. The importance of 4C skills in the 21st-century is due to 

increasingly fierce competition for human resources, one of which is the mastery of various competencies. 

One of the skills students must have is creative thinking skills. The assignments given to students, 

especially those that contain various everyday problems, require students to apply creative thinking skills in 

analyzing problems, finding ideas, and arguing [8]. In line with creative thinking skills, students must also have 

communication skills. Communication skills are skills possessed by a person to convey new thoughts, ideas, 

knowledge, and information to others through speech, writing, symbols, pictures, graphics, or numbers [9]. 
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Through the skills of creative thinking and communication that owned, it hoped to achieve educational goals by 

the demands of the independent curriculum. 

The independent learning curriculum answers the intense competition for human resources globally in the 

21st century [10][11]. Education has a strategic role in forming qualified, creative, and competitive human 

resources. The presence of the independent learning curriculum is the government's effort to improve the quality 

and quality of education in a better direction. Learning in the era of independent learning involves independent 

conditions in fulfilling the goals, methods, materials and evaluation of learning for both teachers and students 

[10]. The concept of independent learning that has developed into a curriculum has relevance to 21st-century 

learning because it is more concerned with the needs of students. Thus, the independent learning curriculum is 

one of the curricula that can overcome the educational crisis and adapt to the times [11]. 

In essence, educational efforts are an investment in the future of a nation for the progress of the Indonesian 

nation through sustainable development. One aspect that needs to get full attention in sustainable development is 

the environmental and energy aspects [12]. The problems Indonesia faces in the environmental and energy fields 

are dependence on dwindling fossil energy reserves, limited access to energy for the community, and the 

development of renewable energy constrained by technological mastery and low financing. The problem of 

limited access to energy requires an effort to reduce dependence on fossil energy, for example, by developing 

renewable energy sources or changing our behaviour in using energy, which is the responsibility of the world of 

education in preparing students to have intelligent behaviour in consuming energy [13]. The curriculum is vital 

in awakening students to care more about the environment. One of the subject matter that studies energy and the 

environment is physics. 

Physics learning is learning by developing reasoning and analysis, so that almost all issues related to nature 

can be understood [14][15]. The physics learning process provides direct experience in developing competencies 

to explore and understand the natural surroundings scientifically. Physics learning is developed based on the 

principle of active learning, which provides opportunities for students to develop their potential [16]. Physics 

learning is needed in everyday life to meet human needs through problem-solving. Solving problems requires a 

relevant learning model called the Problem-Based Learning model [17]. Physics learning can work by using 

teaching materials that can guide students in the learning process, such as e-module. Based on previous research,  

to make it easier for students to learn independently about renewable energy so that students can become people 

who drive change and fight for clean and affordable energy for all, they need teaching materials in the form of e-

modules which can be carried anytime and anywhere [18]. 

The efforts made by the government, schools, teachers and other parties did not break the fact that the 

conditions in the field needed to reflect the expected conditions. For this reason, a preliminary study was carried 

out to see the problems in the field. The preliminary study was carried out to assess students' creative thinking 

and communication skills, as evidenced by tests measuring their abilities in these areas using the problem-based 

learning model. The results of student's creative thinking and communication skills in one of the public high 

schools in the city of Padang were in the lower category with an average of 56.07 and 55.24. These results differ 

from the demands of the 21st century, which require students to have creative thinking and communication skills 

in every day life. 

The initial study was also supported by analyzing three journals regarding physics e-modules to improve 

students' creative thinking and communication skills. According to the first relevant research, based on the 

results of the initial test giving questions to students, it was found that the student's creative thinking skills had 

an average score of 52.79 in the less category. It can be seen from the students' answers stating that students still 

needed diverse and creative answers [19]. According to the second relevant research, the profile of students' 

creative thinking skills, namely 55.38%, is included in the sufficient category. It is due to the need for 

companion books that hone creative thinking [20]. According to the third relevant research, based on interview 

results, it was found that only a few students had good communication skills when learning physics took place in 

each class. It is influenced by physics learning activities that still need to follow what they should be, and 

practicum activities are only carried out on some deemed necessary material [21]. 

Starting from the ideal and actual conditions described, it found problems with students' creative thinking 

and communication skills. It is essential to make efforts to overcome this problem. One solution to this problem 

is to develop an e-module renewable energy integrated problem-based problem-based learning model on 

smartphone-based enhancetudents' creative thinking and communication skills. One of the learning materials that 

require e-modules is renewable energy because physics teaching materials that contain this material are still 

limited [22]. This material is essential to make students aware of using energy properly and caring for the 
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environment. This solution follows the independent learning curriculum design, which states that the physics 

learning process is adapted to the learning outcomes of each phase. 

The research has three theoretical studies: e-modules, smartphones, problem-based learning models and 

students' creative thinking and communication skills. The first theory, E-module is an electronic version of the 

module with user access via electronic devices such as computers, laptops, tablets or even smartphones. E-

modules can make it easier for students to learn independently and help them understand the material concept, 

whether or not there is a teacher [23]. E-modules are modules in digital form, consisting of text, images, or both, 

which contain digital electronic material accompanied by simulations that can and are appropriate for use in 

learning [24]. One way to make e-modules is to use the Flip PDF Professional application. Flip PDF 

Professional is a feature-rich flipbook maker with a page edit function to create interactive book pages by 

including multimedia such as images, video, audio, hyperlinks, and others [14]. 

The second theoretical study is about the problem-based learning model, the PBL model. The PBL model is 

a learning model that can develop students' mindsets and make students active and creative [25][26]. The PBL 

model allows students to take an active role in seeking information, solving existing problems, being responsible 

for the assignments given and associating a physics concept with events in their lives. Through problem-based 

learning, students experience a learning process by actively solving problems through structured stages and at 

the end of learning, students are expected to produce a particular product [17]. The problem-based learning 

model will make learning activities more enjoyable, increase learning interactions, and students become directly 

involved in mastering the material. Student involvement in learning increases students' creative thinking and 

communication skills [27]. 

The third theoretical study is about smartphones as a tool used in the learning process. A smartphone or 

smartphone is a mobile phone that can use and function like a computer. The smartphone is a type of media that 

can distribute information quickly through its internet facilities [1][28]. Smartphones can connect humans to one 

another over long distances with supporting facilities such as SMS, chat, telephone, and viber (telephone using 

internet data package facilities). The function of a smartphone is not only for texting and calling, but users can 

freely add applications, add functions or change according to the user's wishes. Smartphones also benefit 

students because they are multimedia learning media, which they can use for various purposes, including 

technology-based learning resources [24]. 

Based on the contextual background of the described issues, preliminary research analyzes the need to 

develop an e-module renewable energy integrated problem-based learning model on smartphone-based to 

enhance students' creative thinking and communication skills. The purpose of the study was to analyze the use of 

ICT in teaching physics in schools, student characteristics, teacher learning objectives from the ATP, and teacher 

learning arrangements from the teaching module. 

II. METHOD 

The research conducted is a type of quantitative descriptive research that is oriented towards the 

development of a product. Descriptive research is research with a method of describing and interpreting objects 

according to what they are. In general, descriptive research is carried out with two main objectives: 

systematically describing the facts and characteristics of the object being studied accurately [6][29]. Quantitative 

descriptive research is a method for describing, researching, and explaining something studied as it is and 

drawing conclusions from the phenomena that are observed using numbers [14]. 

Needs analysis In this initial study, there were three objects investigated. The objects investigated were 

three high school physics teachers at a state high school in Padang city, 70 high school students in class X, and 

teacher documents in the form of ATP, teaching modules, and documents on the results of student midterm 

assessments. High school physics teachers are used to get information about the use of ICT in learning physics. 

High school class X students are objects for obtaining information about student characteristics during learning 

and viewing creative thinking and communication skills. On the other hand, documents in the form of ATP and 

teacher teaching modules are used to obtain information on the learning objectives designed by the teacher and 

the learning arrangements carried out by the teacher. The midterm assessment document is used to see students' 

knowledge in learning physics. 

Data was collected through appropriate instruments and analyzed using specific analytical techniques. The 

data collection technique used in this study was a questionnaire consisting of teacher and student questionnaires, 

document studies, and tests of creative thinking skills and communication. Teacher and student questionnaires 

were used to find information about the use of ICT in learning and student characteristics; document studies 

were used to see the results of students' midterm assessments as well as ATP and teaching modules used by 
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teachers, tests of creative thinking and communication skills were used to see creative thinking skills and student 

communication through the PBL model. 

The data analysis technique used in this research is descriptive statistical analysis. Descriptive statistics are 

statistic that function to describe the object under study through sample data or population as it is. On these 

descriptive statistics, without conducting analysis and making conclusions that apply to the public. Several 

presentations of data that can be used in descriptive statistics are, such as ordinary tables, frequency 

distributions, graphs, and explanations of data groups through the mode, median, mean value, group variation 

and standard deviation [30]. The first step is to quantitatively analyze the questionnaire data, namely to 

determine the highest score for each indicator. Then, calculate the total score given to all students sampled for 

each indicator. The next step is to calculate the percentage value of each indicator. The formula for calculating 

the indicator is as follows: 

Percentage of Value = 
           

             
       

The percentage of values obtained from data processing is analyzed using the categories in Table 1: 
 

Table 1 . Tendency of Data Alignment of Learning Objectives with Learning Outcomes 

Category Percentage 

Very good 

Good 

Sufficient 

Not good 

80-100 

70-79 

60-69 

 60 

Source: Ministry of Education and Culture [31] 

III. RESULTS AND DISCUSSION 

RESULTS 

Results of Analysis of Problems Utilizing ICT in Physics Learning 

The first result of the research is the problem of using ICT in learning in schools. The data collection 

technique and the instrument used was the teacher's questionnaire instrument. The questionnaire provided was 

filled out by three physics teachers at one of the state high schools in Padang City. Based on the questionnaire 

results, it was found that the use of ICT in learning physics in the classroom was in the sufficient category, with 

an average of 65.25%. These results do not align with the significant potential use of technology in schools, 

especially smartphones [32]. The questionnaire analysis consisted of four components consisting of the use of 

ICT in learning (L), the use of ICT in physics teaching materials (TM), the use of ICT in learning media (LM), 

and the use of ICT in assessment (A). Each component consists of three statement indicators. The results of the 

analysis of ICT utilization are explained in Figure 1. 

 
Figure 1. The Results of Analysis The Use of ICT in Physics Learning 

The data in Figure 1 explains that the use of ICT in learning physics in schools is quite good. The use of 

ICT in physics learning has been carried out by teachers with a percentage of 75.00%. Teachers use ICT to send 

assignments, read references, and communicate with students. The use of ICT in physics teaching materials has 

also been carried out by teachers with a percentage of 65.00%; teachers use ICT to make teaching materials such 

as worksheets and modules. The use of ICT in learning media has also been carried out with a percentage of 

61.00%; teachers make learning media in the form of PowerPoint slides to make it easier for teachers to teach 

physics. The teacher has also carried out the use of ICT in assessment with a percentage of 60%; the teacher 

conducts student assessments by using the Google form to see student learning outcomes on the learning 
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material that has been studied. The teacher only sometimes uses ICT in learning; the teacher uses ICT if learning 

is not effectively carried out in the classroom, for example, during the pandemic period, holiday 

commemorations, or specific events. 

Results of Analysis of Student Characteristics 

The second result of this study is the characteristics of students, as seen from the questionnaire instrument. 

Questionnaires were given to 70 class X students at one of the public high schools in Padang. The analysis 

results show that the characteristics of students in the SMA are in a good category with a percentage of 72.60%. 

The characteristics of the students who were assessed consisted of several components, namely, background (B), 

interest in learning (I), learning motivation (M), learning style (S), and attitude (A) during the teaching and 

learning process in the classroom. Student characteristics can be seen in Figure 2. 
 

 
Figure 2. Results of Analysis of Students Characteristic 

 

The results of the analysis of student characteristics can be seen in Figure 2 that class X students at the 

SMA have a good background with a percentage of 73.00%. It shows that some students come from 

economically capable families, have reasonably good achievements, and receive guidance from their parents in 

studying. Students' interest in learning physics is also quite good, with a percentage of 70%; some students are 

enthusiastic, earnest, willing, and self-aware. Students' motivation in studying physics is also quite good, with a 

percentage of 68.00%; some students are enthusiastic about working on and submitting physics assignments. 

Students' learning styles in physics are also quite good, with a percentage of 73.00%; some students like visual 

learning styles, some students like auditory learning, and some students like learning with kinesthetic learning 

styles. Students' attitude when learning physics in the classroom is also good, with a percentage of 79.00%; 

students listen to the teacher explaining the material, focus on learning, and are responsible for making 

assignments that the teacher has given. The teacher's concern for students must also support the characteristics of 

pretty good students, the teacher's teaching skills, the teaching materials and learning media provided by the 

teacher, and the learning models and methods carried out by the teacher [33]. 

The characteristics of good students are different from the value of physics knowledge in the midterm 

assessment of students and the value of students' creative thinking and communication skills. Analysis of 

students' midterm assessments and creative thinking and communication skills was conducted in two classes in 

one of the public high schools in the city of Padang. The students' midterm assessment was seen from the 

documents provided by the physics teacher in the two classes. Creative thinking skills are seen from the test 

scores of student's creative thinking skills essay questions with creative thinking components: fluency, 

flexibility, novelty, and elaboration [34]. Student communication is seen from the value of students' 

communication skill instruments using problem-based learning model steps. The student's communication 

assessed was written communication skills with systematic/format components, language use, and content 

completeness [35]. Analysis of the value of students' midterm assessment knowledge, creative thinking skills, 

and communication skills can be seen in Table 2. 

Table 2. Statistical Parameter Values of Knowledge, Creative Thinking Skills and Student Communication 

Statistical Parameters 

Mid-Semester 

Assessment Knowledge 

Students' Creative 

Thinking Skills 

Student 

Communication Skills 

X.1 X.2 X.1 X.2 X.1 X.2 

The number of students 35 people 35 people 35 people 35 people 35 people 35 people 

Average 63,42 61.02 50.88 61,27 49,42 61.07 
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Median 68.00 60.00 50.00 56,25 50.00 60.00 

Mode 76.00 56.00 58.75 50.00 31.67 68,33 

The highest score 96.00 96.00 71.25 90.00 80.00 91.67 

Lowest Value 4.00 24.00 33.75 45.00 30.00 38,33 

Reach 92.00 72.00 37.50 45.00 50.00 53,34 

 Source: PTS Documents and Student Creative Thinking and Communication Skills Tests 

The value of knowledge in the midterm assessment of students is in the sufficient category, with the 

average of each class respectively 63.42 and 61.02. Class X.1 in the midterm assessment got a higher average 

than class X.2. The highest score for the two classes is also the same, namely 96.00. However, the lowest score 

for the two classes is different and dramatically deviates from X.1 because the lowest score for class X.1 is 4.00 

in the less category. The value of student's creative thinking and communication skills in both classes was in the 

less category, namely having a successive average of 50.88 creative thinking skills, 49.42 communication skills 

for X.1 and 61.27 creative thinking skills, and 61.07 communication skills for X.2. This is not in line with the 

characteristics of students at the school who have the character of students who have a reasonably good 

background, interest in learning, learning motivation, learning style, and attitude. 

Results of Analysis of Learning Objectives 

Learning objectives are analyzed by analyzing teacher documents in the form of ATP that exist in the 

teacher. This analysis of learning objectives refers to the Decree (SK) of the Head of Standards, Curriculum, 

Assessment, Education, Ministry of Education, Culture, Research, and Technology Number 033/H/KR/2022 

[36]. The SK has made the expected Learning Outcomes (CP). The analysis of learning objectives consists of 

four components, namely, audience aspect (A), behaviour aspect (B), condition aspect (C), and degree 

aspect (D). The analysis results of learning objectives obtained a value of 65.00% in the sufficient category. The 

following is explained in Figure 3. 
 

 
Figure 3. Results of Analysis of Learning Objectives 

 

The results of the analysis of learning objectives made by teachers at ATP are good in the aspects 

of audience, behaviour, condition, and degree. The audience aspect from the ATP analysis of three physics 

teachers obtained an average score of 70% in the sufficient category. The teacher has shown that learning 

objectives are made for students based on the abilities of students. However, students have yet to be able to 

actualize them in the form of products or performances, either abstract or concrete. The behaviour aspect shows 

a reasonably good value, namely 70%; the teacher has made learning objectives based on active verbs or called 

good KKO; the teacher determines the main concepts and formulates questions that make students understand 

one unit of material being taught, but has not shown behaviour in student. The conditioning aspect shows a value 

of 60% in the sufficient category; the teacher has made learning objectives to improve students' thinking skills, 

such as higher-order thinking, but still needs to include critical and creative thinking skills. The teacher has also 

carried out the degree aspect for formulating learning objectives with a percentage of 60% in the sufficient 

category. The teacher has described several learning success criteria for each indicator, but not all learning 

objectives describe the success criteria for each indicator. 

Results of Learning Setting Analysis 

Setting analysis learning is done by analyzing documents in the form of teaching modules in the teacher. 
This teaching module was formulated after formulating ATP which was developed from Learning Outcomes or 

known as CP [37]. In the teaching module, there are settings learning which consists of preliminary activities 
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(P), core activities (Co), and closing activities (Cl). In the teaching module, the teacher uses the discovery 

learning model with the syntax of stimulation, problem statements, data collection,data processing, verification, 

and generalizations [38]. Based on the analysis, it was found that the value of 64.70% was sufficient. The 

following is explained in Figure 4. 
 

 
Figure 4. Results of Learning Setting Analysis 

 

Physics learning by the teacher based on the results of the analysis of the learning settings in the teacher's 

teaching module is quite good. The teaching modules made by the teacher have steps of learning activities that 

refer to the discovery learning model. Preliminary activities in the learning steps are pretty good, with a 

percentage of 65.00%; the teacher starts learning activities by providing stimulus or stimulation to students by 

providing phenomena in everyday life. The core activities are also quite good, with a percentage of 66.00%; 

teachers in the core activities are set up to invite students to find problems, collect data, process data, and find 

solutions to the problems presented. However, it needs to be made clear whether students provide hypotheses, 

how students collect data and make data processing. Closing activities on the learning steps presented by the 

teacher are also good, with a percentage of 64.00%. The teacher closes the lesson by setting it so that students 

can conclude from the results of the investigation that has been carried out. However, the teacher still needs to 

present a review and evaluation of the problems in the material at the meeting. 

DISCUSSION 

The results of this preliminary research can be used e-module renewable energy-integrated PBL model 

based on a smartphone. Through the research conducted, it was found that the students' mid-semester knowledge 

values were sufficient, as well as the students' creative thinking skills and communication skills were classified 

as lacking. This is different from the characteristics of students in high school, which are pretty good. From the 

results of the first preliminary research, it was found that the use of ICT in physics learning had been carried out 

that is in the average percentage of 65,25% with a pretty good category, but this was not in line with the 

extensive use of ICT in these schools, especially in the use of smartphones [32]. 

The results of the second preliminary study regarding the characteristics of students are good because 

students at the high school are already aware of the importance of learning physics. The background component, 

students at the high school have a pretty good family background. The components of interest in learning, 

motivation to learn, learning styles, and attitudes in learning are also quite good with an average percentage of 

72,60%. However, the characteristics of students who are good apart from good teachers, methods and learning 

models must also be supported by practical and easy-to-use teaching materials such as e-modules [33]. 

The results of the third preliminary study regarding the learning objectives formulated by the teacher were 

quite good with an average percentage of 65%. The learning objectives must include whom the learning is aimed 

at, what attitude should be carried out, what conditions are needed, and success in learning must include all 

indicators [36]. Based on the analysis of learning objectives carried out by researchers, the teacher has 

formulated the learning objectives quite well; it is just that there are still areas for improvement in each aspect of 

the learning objectives. For example, in the degree aspect, the teacher has described the criteria for success in 

learning but not all learning objectives include success criteria. 

The results of the fourth preliminary study regarding the learning arrangements in the teacher's teaching 

module are also quite good with an average percentage 64,70%. The teacher has opened, delivered, and closed 

the lesson quite well. However, in the teacher's teaching module, the learning steps using the discovery learning 

model still need to be sequential in syntax. The teacher still repeats discovery syntax in learning settings. This is 

a concern of researchers to improve the learning arrangements made by the teacher in the teaching module 
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according to the existing syntax. The syntax of the discovery learning model successive consists of stimulation, 

problem statements, data collection,data processing, verification, and generalizations [38]. 

An alternative solution provided by researchers to improve students' creative thinking and communication 

skills is to develop an integrated renewable energy e-module, a smartphone-based PBL model. Many previous 

researchers have indeed carried out the development of this e-module. However, the e-module developed by 

researchers differs from previous researchers because the e-module developed supports two aspects of skills, 

creativity and communication. Meanwhile, previous studies only supported one aspect, whether the creative or 

other aspects. Furthermore, integrating the PBL model into the e-module enables students to solve real-life 

problems [25]. In addition to the advantages, this e-module has limitations because only one material is 

presented. 

IV. CONCLUSION 
From the data analysis that has been done, there are four results of this preliminary research. First, the use 

of ICT in physics learning at one of the public high schools in Padang is still sufficient; this can be seen from the 

average value of the teacher's questionnaire analysis, which is 65.25%. This result is different from the important 

potential use of technology, especially the use of smartphones in the learning process at the school. Second, the 

analysis of the characteristics of students in one of the public high schools in the city of Padang is quite good, 

with an average of 73.00%. The characteristics of students who are already good enough are different from the 

midterm knowledge scores and the scores of student's creative thinking and communication skills which are in 

the less category. Third, the analysis of learning objectives formulated by the teacher, which includes aspects 

of audience, behaviour, condition, and degree, is quite good at 65.00% but still needs to be improved to make it 

even better and include all the essential components and indicators. Fourth, settings learning by the teacher, such 

as opening, conveying, and closing learning, is also quite good, with a score of 64.70%. However, the teacher 

needs to pay attention to the syntax of the learning model used. 
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