Distance and displacement concept: Comprehension shifting of students on learning process
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Abstract. This study aims to investigate comprehension shifting students of distance and displacement concept on learning process. A mixed methods approach using embedded experiments has been used to analyze the comprehension shifting of students. Quantitative and qualitative data obtained from responses to multiple-choice conceptual questions and the reasons put forward during the discussion in the learning process. The results of the analysis have shown that initially all students were not able to distinguish distances and displacements correctly. After the initial verbal discussion, about 10% of students were able to correctly distinguish distance and displacement. The discussion was continued with lecturer intervention by asking students to visualize the problem through pictures or graphics, so that all students (100%) were able to distinguish distances and displacements correctly. Furthermore, the results of the analysis of changes in student understanding can be used as a basis for educators to design learning strategies for the topics of distance and displacement in particular and kinematics in general.
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Introuction
Research on students 'general understanding of physics concepts is an important one (1), because students' initial understanding of a physics concept will build other physics concepts. This is due to the strong relationship between concepts in physics. Knowing students' initial understanding of a physics concept and changing understanding from initial understanding to final understanding, will help educators to determine effective strategies that will be applied in learning (2). So that problems that arise during learning can be minimized (3). One of the important physics concepts is kinematics, including distance, displacement, velocity, velocity, acceleration and other essential kinematics concepts. This concept is a basic concept and is very important for learning physics concepts (4–8).  
Research in physics continues to be developed, such as research on earth physics (9–11), nuclear physics (12), as well as in the field of education. Educational research continues, such as research to explore critical thinking (13), student creativity (14),  student conceptual understanding (15), and others. Likewise, research to examine students' understanding of kinematics, whether specific understanding of students is limited or general understanding of students is widely used. From this research, it can be seen that many of the students' initial understanding is still not in accordance with expert understanding, such as understanding displacement, speed, velocity, acceleration, graphic interpretation of kinematics, vector operations in kinematics (5,16–20). However, research that discusses changes in students 'understanding of the kinematic concept, especially students' understanding of the difference between distance and displacement, is very little done. This study aims to analyze the students 'initial understanding, the shift in understanding after the intervention of the educator, and the students' final understanding of the concepts of distance and displacement.
Methods
This research has used a mixed-methods approach and was carried out in October 2020 in the Physics Education Study Program of Kanjuruhan University Malang for the 2020-2021 Academic Year. The research subjects were first semester students taking basic physics 1 courses. The research instrument that has been used is a simple question to distinguish between distance traveled and displacement, which is shown in Figure 1.
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Figure 1. Simple test about distance and displacement

Students 'initial and final understanding of the concepts of distance and displacement has been analyzed from students' responses and arguments to the tests given at the beginning and end of the lesson. Meanwhile, the shift in student understanding has been analyzed from interviews and student responses when there is a discussion process during learning.
Result and Discussion
Students 'initial understanding was analyzed through students' responses and arguments to the simple test. The distribution of student responses is shown in Figure 2 (a), with choice A about 20% and choice C being 80%, while options B, D and E are 0%. From the picture, it is known that all students do not understand with a correct and strong understanding of the difference between distance traveled and displacement.
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	(a) Initial respons
	(b) Response after initial discussion
	(c) Final respons


Figure 2. Respons of students by test about distance and displacement (D correct answer)

In general (80% of students) it is known about students' initial understanding of the concept of distance and displacement, namely "the distance traveled from an object is the same as the distance it is displaced". In addition, some other students (20% of students) understand that "the distance traveled from an object is greater than the distance it is moving". Based on the initial arguments that have been put forward, students are very confident in their choices, especially those who choose the answer "C", which is shown in Figure 3.
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	(a) Students who have chosen the answer C
	(b) Students who have chosen the answer A


Figure 3. Examples of initial arguments of students

From the two arguments that have been put forward, it can be seen that students have begun to distinguish between distance and displacement. This is indicated by different definitions of the lines they have created themselves, one that indicates distance and another that represents displacement. However, the group of students "C answer" and "A answer" were different in determining the path taken by Ahmad. the “C answer” group determined the path by directly drawing the closest straight line, while the “A answer” group chose the path towards the X axis (right) first then turned towards point B along the Y axis (up).
This has also been strengthened by the arguments that were put forward by the two groups during the initial discussion. Excerpts of a brief discussion between the two groups are as follows:
Instructor: Please, a representative from the student group "C answer" to explain their arguments and then the group "A answer" can respond to them.
Student C: when Ahmad moves, he will take a straight path from point A to point B. So it is clear that the distance traveled with the displacement will be the same.
Instructor: How about the other? I mean the “A answer” group?
Student A: In my opinion, Ahmad cannot walk in a straight line. There must be a turn even slightly. So that the distance traveled will be greater than the distance traveled.
From the preliminary discussions that have been carried out at the beginning of the learning process, it can be stated that in general students have argued with their daily knowledge and experiences. This is reflected in the statement "it is impossible for Ahmad to walk in a straight line".
After the learning process which started with the initial discussion with verbal, it can be seen that there has been a shift in students' general understanding. This has been shown by different student responses to the same problem, as shown in Figure 2 (b). After the initial verbal discussion, the composition of the student responses changed to 50% choosing A, 0% choosing B and E, 30% choosing C, and 20% of students choosing D (correct answer). From the distribution of these choices, it can be seen that there has been a shift in the understanding of a group of students from "The distance traveled is the same as its displacement" to "The distance traveled is greater than its displacement". One of the compelling reasons for this change was the argument that "it was impossible for Ahmad to walk a straight line".
After the initial discussion has been carried out, the next discussion process begins with an explanation of the instructor about the difference in distance and displacement by using simple pictures as a learning medium. Then a parallel discussion was then carried out. After the discussion which was assisted by pictures as a learning medium, all students were able to correctly distinguish and master the difference in the concept of distance and displacement. This is shown in Figure 2 (c), where all students responded to the simple test that was tested correctly. The use of pictures, graphics and other representations in learning has been able to encourage students to understand the concepts that have been discussed in the learning process. This is also in line with previous research, that multiple representations can help students master and understand the concepts of physics (21,22). One of the student arguments in the final test is shown in Figure 4.
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Figure 4. Examples of final arguments of students
Conclusion
Students' initial understanding is built on their daily knowledge and experiences. So that in responding to a problem, students tend to combine the concepts obtained in formal education with their daily experiences. However, the student's initial understanding can shift to a correct and stronger understanding. One of the things that an instructor can do to shift student understanding to a correct and strong understanding is by conducting visual-based discussions.
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Ahmad walked from point A to point B at a constant speed. The journey is
represented in the image below. Which of the following statements about Ahmad,
after arriving at point B?

a) The distance traveled is greater than its displacement

b) The distance traveled is smaller than its displacement

¢) The distance traveled is the same as its displacement

d) The distance traveled is greater than or equal to its displacement
e) The distance traveled is less than or equal to its displacement
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