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 The aim of this research was to determine the influence of learning physics using project 

and experimental methods in terms of social interaction and creative thinking of students. 

The learning material used is about optical devices. The results of the study include: (1) 

Students are not fluent in providing answers; (2) Students are less able to think openly in 

answering questions; (3) When the teacher gives questions, students do not immediately 

take the initiative to answer; (4) Students tend to answer questions whose answers are 

already listed in the textbook; (5) Students give examples according to what the teacher 

gave; (6) Students are less able to combine information that has been given by the teacher 

to provide examples or other answers to a question; (7) Students are less able to give 

ideas about a thing with several different points of view; (8) Students are less able to 

create their own ideas that are new and different from usual. The results of students’ 

conceptual understanding on optical geometry can be placed into pattern and be 

influenced by social interaction and creative thinking skills.   
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INTRODUCTION 

Education is a means to improve the quality of a nation, the quality of a nation can be measured based on the 

progress of education (Pasi Sahlberg 2007).  Good quality education is the quality of education that can 

improve the quality of human resources so as to increase the success of a nation (Robert B. Barr & John Tagg 

1995). Improving the quality of education depends on the quality of teachers, curriculum, leadership of the 

school principal and infrastructure (Duman,T. & Karagoz, 2016; Kaya, 2018; Kenneth Leithwood, Alma 

Harris & David Hopkins 2008). Education aims to explore the individual's potential by understanding and 

completing what is being faced through a learning process. The learning process at school is part of the 

formal education process used to provide students' learning experiences, one of which is by using learning 

approaches and strategies. 

Effective learning that is if in learning two-way interaction occurs between the teacher and students, 

meaning that the teacher does not have to be the dominant party (Michael Simonson, Charles Schlosser & 

Dan Hanson 1999). Where in this learning the teacher is not only as a provider of information but also the 

teacher must be able to be responsible as an implementer who must create a situation of leading, stimulating, 

and actively moving students. In addition students should also dare to express opinions, ask questions and 

issue ideas. The change of a teacher from an informant to a learning manager that aims to teach students to 

be active so that changes in behavior occur in accordance with the learning objectives (Mahnaz  Moallem 

1998). 

In the 2013 curriculum the learning approach applied is a scientific (scientific) approach for all levels 

(Donovan A. McFarlane 2013). In this learning approach includes: digging information through observation, 

asking, trying, then processing data or information, presenting data or information, followed by analyzing, 
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reasoning then concluding, and creating and forming networks. The learning process using this scientific 

approach touches three domains, namely attitude (affective), knowledge (cognitive), and skills 

(psychomotor) (Punia Turiman 2012). 

Physics learning in schools will bring students to find a concept based on experimental and observational 

activities. Students are usually also required not only to be able to master the concepts of physics in theory 

alone, but also are required to understand and be able to solve problems using mathematical formulas 

(Lillian C. McDermott 1990). Scientific-based physics learning aims to provide an introduction and 

understanding to students by using a scientific approach, one of which is by the application of practicum 

systems in learning. Thus, information about physical material obtained not only comes from the teacher, 

but students can obtain their own information through observations they do. Learning using this scientific 

basis must be supported by using other methods, such as the experimental and project methods. 

The ability to think creatively belongs to everyone because humans are creative creatures. A creative 

process is a thought process that can solve problems in Hebert's original and useful way (Rawlinson: 1979). 

Munandar (2004) states that there are several characteristics of creative thinking according to Guilford 

namely fluency, flexibility (originality), elaboration (Elaboration). In recent years there has also been 

increasing pressure on teachers to support the development of 21st century abilities such as communication, 

problem solving, and creativity (Wagner, 2010; Robinson, 2011 in Richardson, 2018). Creativity is one 

component in the ability to think that is realized as an important feature for developing countries like 

Indonesia. The ability to think creatively is very important in learning activities to improve the ability to 

think higher in solving problems in learning physics (Armandita et al., 2017). 

Social interaction and students' creative thinking abilities influence student learning outcomes. Based on 

Tori's (2015) research, there is a significant influence between social interaction and student learning 

outcomes. Creative thinking abilities also affect student learning outcomes (Wahyuni, 2018). Besides the 

learning methods used by teachers also affect student learning outcomes. According to Nur M's research 

(2012) there is an effect of the application of experimental methods on physics learning on student learning 

outcomes. According to the research of Heni R (2016) learning using the project method provides increased 

student learning outcomes. 

Based on the results of the pre-research stage using needs analysis and interviews with teachers and 

students, students want interesting and fun learning, such as the existence of experimental learning methods 

and projects, in addition to the skills gained through observing, asking, trying, associating and 

communicating activities can encourage participants students to make observations to the creation to 

improve students' creative thinking abilities (Xu, M. A., & Storr, G. B. 2012).. When the teaching and learning 

process takes place using the experimental and project methods, good social interactions between students 

and teachers will be realized. 

The various reasons that arise are irrelevant to the expected physics learning. Teachers can develop and 

apply various learning methods or strategies with reference to the characteristics of students to empower 

their creative thinking abilities and social interaction between students(Lilia Bartolomé 1994). Students 

should improve their ability to think creatively by always practicing to solve a problem with various 

alternative answers. The training of a student to solve problems with various alternatives will make the way 

of thinking of students better. 

From the background of the problems above, the authors are interested in research on learning physics-

based physics using project and experimental methods in terms of social interaction and creative thinking of 

students. The learning material used is about optical devices. 

https://aapt.scitation.org/author/McDermott%2C+Lillian+C
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METHOD 

This research is a quantitative descriptive study using the test method. The test method was chosen to 

describe the percentage of students' creative thinking skills in one of the state high schools in Surakarta. This 

study uses a purposive sampling technique based on class categorization (low and high categories). Data 

collection techniques or assessment instruments used in this study were in the form of test instruments for 

students' creative thinking abilities that had been prepared based on indicators of creative thinking abilities. 

The students work on the tests given by researchers to analyze students' creative thinking abilities, especially 

for optical devices, using indicators of creative thinking skills. For open-ended question scores, this study 

uses rubrics that have been validated by experts for each indicator. Data on test results were analyzed with 

descriptive percentages. The level of development of students' creative thinking abilities is measured by 

looking for percentages. 

Students are given tests to analyze their creative thinking skills, especially in science learning. The test 

uses a multiple choice form with the type of open-ended questions based on creative thinking indicators 

previously validated by a team of learning evaluation experts and item validity testing using the Karl Person 

product moment correlation coefficient formula, reliability testing using Alpha formula, differentiation test 

and test difficulty level. The science topics in the problem include the phenomena of daily life. Scoring of 

multiple-choice open-ended questions uses rubrics that have been validated by experts of each indicator( 

Anders Jonsson Gunilla Svingby 2007). 

The data obtained in the form of creative thinking skills results are processed by calculating the percentage 

of scores obtained by students on each indicator of creative thinking abilities then the percentage is 

interpreted according to the criteria of the level of creative thinking abilities Burch T. (Kealey, Jonna 

Holland, and Marsha Watson 2005). The sample of this study was class XI IPA 1 and XI IPA 2 in one of the 

senior high schools in Surakarta. the total sample was 59 students, 23 male students and 36 female students. 

Category of students’ creative thinking skills can be seen in Table 1. 

Table 1. Category of creative thinking skills adopted 

from Shriki 

6 pt  

Percentage Category 

< 55% Low 

≤ 55% - < 75% Medium 

≥ 75% High 

 

The data obtained in the form of social interaction results are processed by calculating the percentage of 

scores obtained by students on each indicator of social interaction then the percentage is interpreted 

according to the criteria of the level of social interaction. Category of students’ social interaction can be seen 

in Table 2. 

Table 2. Category of social interaction skills adopted 

from Kelley 

6 pt  

Percentage Category 

https://www.sciencedirect.com/science/article/pii/S1747938X07000188#!
https://www.sciencedirect.com/science/article/pii/S1747938X07000188#!
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< 40% Low 

≤ 40% - < 80% Medium 

≥ 80% High 

 

 

RESULT, DISCUSSION, AND SUGGESTIONS 

In this study there are three variables, namely the independent variable, moderator variable, and the 

dependent variable. The independent variable is scientific-based physics learning using experimental and 

project methods. The moderating variables are students 'social interactions and students' creative thinking 

abilities. The dependent variable is student physics learning outcomes in aspects of knowledge, attitudes, 

and skills. Data in this study include data on students' initial abilities, data before learning, and data after 

learning. Students' initial ability data is used to select samples from both classes that have equivalent or 

equal initial abilities.  

1.1. Students’ social interaction 

Data on students' social interactions were obtained through filling in the observation sheet by the observer 

which was conducted before the research took place with the help of the physics teacher in the class used as 

a sample. 

 

Table 3. Students’ social interaction skills. 

Class N Max Min St Dev Mean 

Experiment 29 11 13 0.673 12.103 

Project 30 23 21 0.691 22.067 

 

In Table 3, it can be seen that the average social interaction value of the experimental class and project class 

students is 12.103 and 22.067, and the combined average value is 17.170. Based on the combined values of the 

two classes, the social interaction of students was categorized for the experimental class and the project class 

into three categories namely high, medium and low. Students have a high category if the value obtained (X)> 

+ SD, while if the value obtained is in the range M-SD < (X) < M+SD, and low if the value obtained (X) < M-

SD. Distribution of social interaction data of students in the experimental class and project class is presented 

in Table  4. 

Table  4. Category of students’ social interaction skills. 

Category Project Experiment 

n f n f 

High 3 10% 5 17% 
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Medium 13 43% 16 55% 

Low 14 47% 8 28% 

 

In Table 4, it can be seen that the average experimental class and project class students have social 

interactions in the medium category. In the project class there are 10% students in the high category, 43% 

students in the medium category, and 47% students in the low category. In the experimental class there were 

17% of students in the high category, 55% of students in the medium category, and 28% of students in the 

low category. 

1.2. Students’ creative thinking skills 

The data of students' creative thinking skills were obtained through filling in the observation sheet by the 

observer which was carried out before the research took place with the help of the physics teacher in the 

class used as a sample. 

 

Table 5. Students’ creative thinking skills. 

Class N Max Min St Dev Mean 

Experiment 29 11 13 0.673 12.103 

Project 30 23 21 0.691 22.067 

 

In Table 5, it can be seen that the average value of the creative thinking ability of the experimental class and 

project class students is 12.206 and 21.967, and the combined average value is 17.170. Based on the combined 

values of the two classes, the students' creative thinking abilities for the experimental class and project class 

were categorized into three categories: high, medium, and low. Students have a high category if the value 

obtained (X)> + SD, while if the value obtained is in the range M - SD <(X) <M + SD, and low if the value 

obtained (X) <- SD. Distribution of social interaction data of experimental class students and project classes is 

presented in Table 6. 

Table 6. Category of students’ creative thinking skills. 

Category Project Experiment 

n f n f 

High 3 10% 5 17% 

Medium 13 43% 16 55% 

Low 14 47% 8 28% 

In Table 6, it can be seen that the average experimental class and project class students have the ability to 

think creatively in the medium category. In the project class, there were 19% of students in the high category, 
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56% of students in the medium category, and 25% of students in the low category. In the experimental class 

there were 28% of students in the high category, 47% of students in the medium category, and 25% of 

students in the low category. 

1.3. Students’ conceptual understanding on optical geometry 

ANAVA test analysis results are carried out to test the hypothesis based on this research that is to find out 

the differences in learning outcomes of students who are given learning by scientific models using 

experimental methods and project methods. It is taken to also know the differences in learning outcomes 

between students who have high character, medium character and low character, know the difference 

learning outcomes of students who have high creative thinking abilities, medium creative thinking abilities 

and low creative thinking abilities, know the interaction of influence between scientific learning using the 

experimental method and project methods with student characters on student learning outcomes. 

Knowing the interaction of influence between scientific learning using experimental methods and project 

methods with students' creative thinking abilities on student learning outcomes, knowing the interaction of 

influence between student characters and creative thinking abilities on student learning outcomes, knowing 

the interaction between the scientific learning method uses the experimental method and the project method 

with the character and the ability of students' creative thinking towards student learning outcomes. The 

mean student learning outcomes in the group of students who were given scientific learning accompanied 

by the experimental method by 66.81 while the mean student learning outcomes in the group of students 

who were given scientific learning accompanied by the project method by 71.19. This shows that the 

learning of scientific learning with the project method produces better student learning outcomes than 

scientific learning with experimental methods. This is because in learning scientific learning with the project 

method, the teacher gives freedom of thought to students to understand the concepts to be learned either 

through face to face or online. This is evidenced through the student worksheets on the project method 

requires more students to think actively such as planning experiments starting from planning experiments 

and experimental steps, data analysis activities ranging from making tables of experimental results and 

experimental charts. This makes students better understand the concept because the learning process makes 

students to learn actively by finding their own concept well through the method. 

The learning process of scientific learning using the project method is different from scientific learning 

using the experimental method even though the two learning together combine learning face to face and 

online. In scientific learning with the experimental method, students conduct experiments according to the 

guidelines that have been prepared by the teacher so that students' freedom of thought in solving problems 

has not been maximally emphasized. This is because the experimental method emphasizes the direct 

involvement of students to conduct experiments in order to prove a hypothesis to get a concept. In addition, 

scientific learning using the experimental method emphasizes the teacher to participate in guiding and 

guiding students in carrying out the steps in each experiment. This is based on student worksheets on the 

experimental method already containing the experiment plan, the results of the experiment table, and the 

results of the experiment graph. 

Research that proves that the project method is better than the experimental method has also taken place 

in previous studies. Purwandari et al (2017) states that the learning outcomes of knowledge in the project 

method are greater than the experimental method. This is because students experience the process of 

scientific discovery directly so that learning takes place effectively. This is also supported by Saputri et al 

(2013) which states that the cognitive learning achievement of students given the project method is greater 

than the cognitive learning achievement of students who are given the experimental method. This is because 

the project method motivates students' desire to learn while they are trying to understand physics concepts 

(Sola et al, 2007). Figure 1 showed students’ answer sheet to concave mirror drawing using special rays. 
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Figure 1. Student 1 draws in a concave mirror using special rays 

based on Snellius law. 

 

Students who have social interaction tends to draw the rays properly and students who have low social 

interaction draw the rays incorrectly. Thus the results of students’ conceptual understanding on optical 

geometry can be placed into pattern and be influenced by social interaction. 

The mean student learning outcomes in the group of students who have high social interaction by 78.63, 

the average student learning outcomes in the group of students who have moderate social interaction by 

70.58, the average learning outcomes of students in the group of students who have low social interaction by 

57.11. This shows that social interaction influences students' cognitive learning achievement. social 

interactions used in this study are cooperation, tolerance, competition, conflict, and communication. social 

interaction is very needed by students to take action in accordance with scientific and participatory 

methods. This is inseparable from the nature of physics which is one branch of natural science that studies 

about natural phenomena and is able to solve the problems of natural phenomena with scientific methods. 

Social interaction is a character that can improve student cognitive learning achievement. This is because 

students who have high social interaction have a tendency to be curious about a problem and carry out a 

series of creative and structured activities to solve the problem through scientific steps. This is supported by 

previous studies of Rohmani et al (2015) showing that students with high social interaction have better 

learning achievement than students who have low social interaction. This is also supported by Wahyudi 

(2016) who states that the characters have a positive and significant relationship to student learning 

outcomes, so it can be concluded that the higher the social interaction of students, the higher the learning 

outcomes of students' knowledge. 
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Figure 2. Students are right to draw the lens, but the process of 

shading is not right.  

 

Students who have high creative thinking skills tends to draw the rays properly and students who have low 

creative thinking skills draw the rays incorrectly. Thus the results of students’ conceptual understanding on 

optical geometry can be placed into pattern and be influenced by creative thinking skills. So, it can be 

concluded that social interaction and creative thinking skills can influence students’ conceptual 

understanding on several optical geometry concepts. 

Based on these results, they indicate that the way of thinking students are not optimally trained to think 

creatively. Therefore, it is important to empower creative thinking in learning, especially in science subjects 

given its strategic value. In contrary, the percentage of achievement of students’ conceptual understanding 

influenced by social interaction and creative thinking skills that is very far from the target is 

originality indicator. Based on these results indicated, there is a result that the way students think have not 

been optimally trained, especially when they are asked to think creatively and asked to have good social 

interaction. Therefore, it is important to empower creative thinking skills in learning, especially in natural 

science subjects as it has been given the strategic value. 

CONCLUSION 

In general, the results of the study include: (1) Students are not fluent in providing answers; (2) Students are 

less able to think openly in answering questions; (3) When the teacher gives questions, students do not 

immediately take the initiative to answer; (4) Students tend to answer questions whose answers are already 

listed in the textbook; (5) Students give examples according to what the teacher gave; (6) Students are less 

able to combine information that has been given by the teacher to provide examples or other answers to a 

question about optical geometry; (7) Students are less able to give ideas about a thing with several different 

points of view in understanding on optical geometry; (8) Students are less able to create their own ideas that 

are new and different from usual. The results of students’ conceptual understanding on optical geometry can 

be placed into pattern and be influenced by social interaction and creative thinking skills. So, students need 

to improve their two skills to have better conceptual understanding on several concepts of optical geometry 

in senior high schools. Supported by learning methods used by teachers. 
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