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[bookmark: _Hlk55421921]Abstract. Good learning outcomes supported by a good understanding of concepts. A good understanding of the concept is an understanding that do not contain misconceptions. This study aims to identify the misconceptions of prospective mathematics teacher on graphing function. This research was conducted on 8 undergraduate students. This study used a descriptive research design. Descriptive research is used to analyse conceptual understanding and student misconceptions based on test results using diagnostic test instruments and interview results. The questions used were 5 questions that had been validated by 2 mathematics lecturers with valid results. The results showed that most of the students were still doing plotting without identify of the domain dan characteristics of the function. Some of them were also still stuck with using integers as the reference.
Introduction
Misconception is one of the topics in the world of education that has not been completed until now. Misconception is a condition where a concept is not properly understood by students, which is not in accordance with the understanding generally accepted by the scientific community [1]. Misconception is different from error or error [2]. Misconceptions can be identified as systematic errors due to misconceptions in students [3]. The errors or errors are caused by carelessness, inaccuracy, misinterpretation of the questions, lack of experience in solving questions related to the given topic, or due to the inability to check the answers obtained [4]. According to Taber, the misconceptions experienced by students come from three sources, namely the books they read, teachers and other knowledge from their environment that they carry before entering class [5].
	Function is material that has an important role to be understood by students since elementary school which will later be used at a higher level of education [6]. To explain this function, teachers often use graphics to visualize a concept. Some of them use the help of various software, animations and applications [7]. However, it is possible that the function graph sketch that is described by students, by hand, is different when compared to the graph displayed by the visual media provided by the teacher. These differences can lead to misconceptions in students. Research on student misconceptions on function graph sketches is rarely conducted by researchers.
	The significant impact of misconceptions on both students and undergraduate students are decrease their learning outcomes. Based on this, these misconceptions must be identified and then searched for their roots so that similar misconceptions do not occur again. Research in the context of both investigative and reduction or improvement efforts was carried out by several researchers [1] with the aim that students can understand concepts in a meaningful way. Among the several studies, most studies were conducted on students at the first or second level, few did it at higher levels such as undergraduate students or prospective educators [8]. Therefore, we need an instrument that is able to identify students' understanding of concepts and misconceptions so that appropriate handling can be carried out immediately.	Comment by power rangers: Paragraph terakhir harus mencantumkan tujuan penelitian
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Misconception
Students' understanding of a concept is classified into three, understanding the concept, misunderstanding and misconception. Students are said to understand the concept if they answer the questions given correctly. Misunderstanding is an error that occurs because of forgetting, miscalculating and memorizing factors. This misunderstanding can be seen when the student's answers do not show consistency of errors. Helm states that a person is said to experience a misconception if his or her understanding of a concept is different from the understanding generally accepted by the scientific community [9].
	There are several sources of misconceptions among students [10]. The first source is experiences found in everyday life. Students make sense of what they observe in their environment and then construct new knowledge based on their experiences. However, these preconceptions often do not fit with a scientific point of view. The second source is school. Less precise learning strategies and less teacher competence will lead to misconceptions. The next source of misconceptions is textbooks. Using incorrect terms and explanations in textbooks can lead to the formation of new misconceptions or reinforce existing ones.
	Misconceptions are difficult to change, persistent and can prevent students from understanding further learning [10]. The nature of these misconceptions shows that overcoming the misconceptions that occur is not something easy. Moreover, learning in Indonesia tends to be teacher-centered where teachers are the source of authority for knowledge.
	To find out student misconceptions, it can be done in several ways. These include (a) in-depth interviews with individuals; (b) a multiple choices test followed by reasons (two-tier test); (c) tests in the form of descriptions or open-ended questions. The way to identify misconceptions that occur in students is to make several questions with the same or related concepts. Mistakes in the same place are indicative of misconceptions. If the way to find out misconceptions is done by interviews, so the misconceptions experienced by students can be found during the interview.
Problems on Graphing Function
The material of making function Graph has been taught to students since middle school. Function is a very important material to be mastered, especially students who are prospective mathematics teachers because this material is used in many areas of mathematics [11]. So far, to explain about functions, teachers or lecturers tend to use software applications such as Autograph Software and GeoGebra Software. The use of this technology in explaining function graphs to students really helps them understand because the software provides a detailed description. However, on the other hand it also creates problems. Students tend to memorize visible pictures so that when they are asked to describe on their worksheets, the hand-drawn drawings do not match with the existing concept.
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This study is carried out to determine prospective mathematics teachers’ misconceptions when they sketch the graph of function. Qualitative research methods are used to reach this aim. Descriptive research aims to measure systematically, factually, accurately about the facts and characteristics of the population and the sample [12]. The subjects in this study were 8 student mathematics teacher candidates. Those subjects were selected using purposive sampling technique. Technical tests and interviews were used in data collection in this study. The test is given in order to find out the mathematical misconceptions that occur in prospective teacher students. This test consists of five items that have been validated by 2 experts with all valid items. Meanwhile, interviews were conducted to find out more information about the misconceptions that occurred and their causes. The data obtained in this study were analysed using an interactive model, which includes data reduction, data display, and verifying.
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Prospective mathematics teacher’s misconception on graphing function is viewed from how they sketch the graph of several function. The study shows that the prospective mathematics teachers have various misconceptions on how to sketch the function graph. Some of them can be summarized as follows: 1) most of the subject were still just doing plotting without identify the characteristic of the function, and 2) some of them were also still stuck with using integers as the reference point. 
	To identify the misconception about graphing function, we give a diagnostic test and interview to 8 undergraduate students. The result of the diagnostic test is given in Table 1 as follow.
Table 1. Student’s results on graphing function test
	
	Graph of

	
	
	
	
	
	

	Correct
	3 (37.5%)
	2 (25%)
	
	2 (25%)
	1 (12.5%)

	Correct with notes
	5 (62.5%)
	6 (75%)
	2 (25%)
	
	2 (25%)

	Incorrect
	
	
	5 (62.5%)
	5 (62.5%)
	4 (50%)

	No Answer
	
	
	1 (12.5%)
	1 (12.5%)
	1 (12.5%)



Graph of Linear function 
Since the function of  is a linear function, it easily can be sketched by finding the intersection point with the axis and then draw the line through those point. However, all the students’ answer is correct. But, it’s only 3 of 8 (37.5%) students who are using this method (finding intersection point with the axis). The other 5 are using plotting method with choose some integers as the input. This is not absolutely wrong method, since a line (linear function) can be drawn by at least 2 known points lay on it. But if the students use more than 2 points, its actually ineffective way. Thus, we can say that 5 of 8 students didn’t use the characteristic of the linear function.
[image: ]	Comment by power rangers: Gambar harus memiliki resolusi yang baik (tidak blur)

Figure 1. Student’s answer on linear function
	As seen in the Figure 1, the student sketch the graph by choosing several numbers as inputs then plot them on the coordinate plane. The problem is in the choosing of those numbers as inputs. The following transcripts of the interview with the students make sure that the students didn’t concern to the characteristic of linear function. But they just plotting.
	Interviewer	: 	Why did you choose -3 to 3 as inputs?
	Students	:	Actually, it’s arbitrary. There is no must in choosing -3 to 3. I just choose them because I think it’s well-matched negative and positive numbers and also 0 as mid number.
Graph of quadratic function 
The quadratic function has some characteristic that can be used to sketch the graph. The graph of a quadratic function is called a parabola and has a curved shape. One of the main points of a parabola is its vertex. It is the highest or the lowest point on its graph. Quadratic function also certainly has an intersection point with -axis and in some case with -axis. Most the students answer (6 of 8) on graphing quadratic function is correct but with some notes. Figure 2 and transcript below indicate that the graph is again all about plotting. However, students are aware that a quadratic function has a graph called a parabola which is a curved shape.
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Figure 2. Student’s answer on quadratic function
	Interviewer	: 	How did you do to get the graph?
	Students	:	Same with function no.1, I chose some number as inputs then find the value of  to get the coordinate.
	Interviewer	: 	Why the shape is like this?
	Students	:	Yes, we all know that this is quadratic equation so the graph is parabola.
  Graph of rational function 
The function  have several characteristics that must be emerge on the graph. To sketch the graph of this function must be noticed that the domain is not all of real number and it has asymptote.
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	Figure 3. Student’s answer indicating misconception on domain
	Figure 4. Student’s answer indicating misconception on curving



	As seen in Figure 3, students only sketch the graph with positive value of . Actually, he is already aware on the domain but he didn’t think that negative value of  is also available. About the asymptote, the students could explain that the value of  tends to 0 for  tends to  which means the graph is getting close to x-axis but will never touch it. While in Figure 4, the student sticked on choosing whole number as the inputs. The consequence is, he could only draw graph as two lines. He also can’t explain how this graph should be drawn.
Graph of rational function 
Function  is kindly similar to the function  but has a bit different characteristic. The domain is restricted for a number  that is . The graph has no asymptote and it is like a linear function but discontinue at . In this graphing function, 2 of 8 students have already answered correctly, but 5 students still incorrect. Some of incorrect answer given in the following figure.
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	Figure 5. Student’s answer indicating misconception on domain
	Figure 6. Student’s answer indicating that its still stick on whole number as inputs



	As seen in Figure 5, the student has already aware that the function is algebraically can be simplify. Therefore, the function now is like linear function. But this student forgot that simplifying the function doesn’t mean change the domain. Otherwise in Figure 6, the student is already aware that for  the function is undefined. Therefore, he drew nothing for . But the problem is nothing drawn for . From the following transcripts of the interview, it is again indicating that students still stick on the whole number.
	Interviewer	: 	Why did you draw nothing for  from 0 to 2?
	Students	:	Yes, because for  the value of the function is , and it’s undefined. So, I don’t know how to draw it.
Graph of square root function 
It is easy to find that not all real numbers are available as the input. So, to sketch the graph of this function, firstly we need to find the domain. And it should be known that square root of any non-negative real number must be non-negative. There is 1 of 8 student that have answered correctly, 2 answered correctly with notes, 4 answered incorrectly and 1 give no answer.
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	Figure 7. Student’s answer indicating misconception on square root
	Figure 8. Student’s answer indicating misconception on the curve and stick on the whole number



	From Figure 7 and Figure 8, it can be seen that both students were aware about the domain. But, Figure 7 also show us that the student forgot about the concept of square root. Other side, student’s answer on Figure 8 show that the graph is from plotting and stick to the whole numbers as a reference.
Conclusion
Mathematical misconceptions in prospective mathematics teachers on graphing function more often found in the domain. This misconception include misconception about the function itself. The method to sketch the graph of the function mostly like plotting. And in the procedure of plotting, it is still stick on choosing whole number as reference.	Comment by power rangers: Berisi sintesis dari isi penelitian
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