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The Error In Drawing Graphic Of Quadratic Function In Pbl Model By Using True Or False Strategy With GeoGebra-Assisted
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Abstract. Quadratic function is one of the important theory in mathematics. The purpose of this study is to describe the mistakes made by students when drawing a quadratic function graph. in this research, the focus of the problem is what type of mistakes made by students in drawing a graph of quadratic functions. the form of error here referred to an error in doing the exercise of drawing quadratic function graph in learning with the PBL model using a true or false strategy assisted by GeoGebra application. The conclusion of this research is that the error in drawing quadratic function graph is dominated by procedural errors. PBL model with true or false strategy with the help of GeoGebra application can be an alternative learning to overcome students' mistakes in drawing quadratic function graphs.
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Introduction
Mathematics is a very important subject in school. We can solve everyday problems easily, because we are trained to think systematically through regular steps. When we learn mathematics we are also trained to be thorough and careful, one of the example is in doing on math exercise through calculations and logic. Our creativity and imagination are also trained, for example in drawing graphics. One of the special graphs is the quadratic function graph.
Lots of application of quadratic functions. The shape of the curve that is very attractive also becomes a beautiful thing when applied in bridge construction. Another application is also in determining the speed of objects and analyzing falling objects. This makes the theory of quadratic function very important and interesting to study. Students need to master the ability in drawing quadratic graph functions. However, there are still many obstacles in understanding it.
Based on the results of the observation in class 9H, SMPN 5 Purwokerto, it shows that students do not have problems in operating numbers. However, when studying the material that involves algebraic forms, students begin to have difficulty in operating it. In the material of drawing quadratic functions there are also parts where students look for the intersection of curves with the x-axis and y-axis by factoring or other methods related to operating algebraic forms. This becomes an obstacle for students in drawing a graph of quadratic functions.
Based on the explanation above, it is necessary to have innovations to solve the problem, one of them is through learning with Problem Based Learning (PBL) with the true or false strategy assisted by the GeoGebra application. Through this learning, it can train students to think step by step in drawing a graphic of quadratic function. Students can also understand the shift of quadratic function graph easily through group discussion activities, wherein the group is given a problem that they must find a solution and conclude the point of the problem.
The purpose of this study is to describe the mistakes made by students when drawing a quadratic function graph. In this study, the focus of the problem is what type of mistakes made by students in drawing a graph of quadratic functions. The Material of quadratic functions are taught by using the PBL model with a true or false strategy assisted by the GeoGebra application. So, the form of error here referred to an error in doing the exercise of drawing quadratic function graph in learning with the model.

According to Arends in Trianto (2014), PBL has the following characteristics:
a. Submitting a question or problem.
	The initial step of PBL is to present the next problem based on the problem that found in concepts, principles and rules. That problems are authentically addressed with reference to real life, avoiding simple answers and allowing a variety of solutions.
b. Focusing on the link of interdisciplinary science
The problem that will be investigated has been chosen really real so that the solution is done coherently. Students also review the problem from many subjects.
c. Authentic inquiry.
Students do the authentic investigations to find real solutions for real problems. Students must analyze and define problems, develop hypotheses and make predictions, gather and analyze information, conduct experiments (if needed), make inferences and formulate conclusions.
d. Producing products and marketing them
PBL requires students to produce certain products in the form of real creation or artifacts and demonstrations that explain or represent the form of problem solving that they found. In this case, it can be in the settlement of the problem in the results of the discussion.
e. Collaboration
PBL conducted by students who cooperate with each other, most often in pairs or in small groups. Working together provides motivation to sustainably engage in complex tasks and expand opportunities to share inquiry and dialogue and to develop social skills and thinking skills.
According to Silberman (2007), the steps for a True or False Learning Strategy are as follows:
a. The teacher makes a list of statements that are suitable with the material of the subject, that contain of which are true and false. Statements are written on each card separately and make sure the number of statements is in accordance with the number of students.
b. Distribute card to student.
c. When the subject is finished, ask each student to read the card that he got and get a class opinion about the statement being true or false.
d. The teacher gives a response about the truth or the fault for each of these cards
e. The teacher gives conclusions.

The PBL Model activities with the True or False Strategy assisted by the GeoGebra Application are as follows:
a. Students are given motivation and apperception by the teacher.
b. Students are given a card that contains a statement / question with answers that have true or false values where later, at the end of learning, students write whether the statements / answers on the card are true or false.
c. The teacher gives some problem cases in math to students that will be solved together through group discussions.
d. Students present the results of their discussion in front of the class.
e. Students do an evaluation.
f. Students regularly look back on what they have done before.
g. Students with the teacher conclude the material that they have learned.
h. Students check the cards that have been saved in their pockets.

Subaidah in Layn (2017) states that errors in solving mathematical problems can be divided into three types, those are: concept errors, principle errors and operating errors. Concept errors are errors in using the concepts related to the material, concept errors can occur in students' learning because they are wrong in using the concept of the variable. Principal errors are errors relating to the relationship between two or more mathematical objects, one of the principle errors can occur because the students are wrong in using formula and translating the problem. Operation errors are errors in doing calculations, operation errors can occur because the students do not use operating rules or calculations correctly. Meanwhile, according to Lerner in Nurjanatin (2017), present the common various of errors made by children in doing mathematical tasks, those are lack of knowledge about symbols, place values, incorrect use of processes, calculation errors, and writing that cannot be read clearly.
	Based on the description above, in this study students' mistakes in drawing graphics were divided into two, those are procedural errors and concept errors. The procedural error in this case is the student's mistake in following the steps of drawing a graphic. Then the concept error here referred to the student's mistake in calculating or putting a curve in the Cartesian diagram.

Research Methods
This research is descriptive research. Held in SMPN 5 Purwokerto, class IX H, on the PDS (Lecturer Assignment to School) activities. The method of collecting data is with the tests conducted twice to see the changes and the consistency of the data. The sampling was carried out by using the Purposive Sampling technique, with considering the students' clear answers, taking two tests, the changes from the first and second tests.

Results and Discussion
PBL model learning activities with the strategy true or false assisted by the Geogebra application begins with giving cards that contain statements in the form of questions and answers. There are some questions with right answers and some questions with wrong answers. Students write whether the statements right or wrong on the card then keep it in their pockets and open or check again at the end of the class. At first, students are still inadequate in writing the answer, even though this activity is not required to count, just write right or wrong. the students looks a little longer in writing right or wrong on the card. However, after getting used to the learning model, students are faster in writing right and wrong on the cards.
	The giving card-activity has changed the way of learning to be more enthusiastic and cheerful. Students get a surprise at the end of learning,when they check what they write on the card is appropriate or not. This activity has been a very good feedback for teachers. Students can find out which problems with the right solution or not. This activity is also one of the things that shows whether students are happy with the learning that has been followed or not. If students enjoy learning, it can make students easy to understand the material that has been taught, that is drawing a graph of quadratic functions.

[image: ]	[image: ]
Picture 1.Students Write on Cards		Picture 2. Group Discussions

	After students had been given a card and keep it in their pockets, then the teacher asked students to gather in some groups. Students in groups discussed to complete the tasks that were given in the form of LKPD. Then students presented the results of their discussion. Furthermore students, together with the teacher, concluded the material. Before the class ended, students opened cards from their pockets and together checked whether their answers were appropriate or not. In this activity it was a surprise for students because they just know that some of their answer was appropriate and some others were not. This activity can be a reinforcement of students' understanding of the material that has been studied.

[image: IMG20190925082610]		[image: ]
Picture 3. Presentation				Picture 4. Card Checking

	Drawing quadratic function graphs consists of several activities, those are drawing graphs f(x) = ax2, f(x) = x2 + c, f(x) = x2 + bx, symmetry axis and optimum value, shifting quadratic function graphs and sketches quadratic function graphs. The teacher gives LKPD and when there is no problem of drawing the graph in discussion, because there  have been clear guidelines and sequences to arrive at conclusions. In the subject matter of drawing graphs the function y = ax2, y = x2 + c, y = x2 + bx students determine the points and put on the Cartesian diagram by themselves. the subject matter of symmetry axis and optimum value, and the subject matter of shifting of quadratic functions, the picture is already in LKPD. Students are asked to write down their reasoning so they could draw conclusions where the curve must be shifted.
The test is done twice. First, after students learn to draw a graph f(x) = ax2 and f(x) = x2 + c, students are given a test to draw a graph. The next test is done after studying the material f(x) = x2 + bx, the axis of symmetry and the optimum value, shifting the graph of quadratic functions. the questions that are given to the student have the same form. Students are asked to draw the function f(x) = x2 + c by shifting the function f(x) = x2; the first test draws f(x) = x2-6 and the next test draws f(x) = x2 + 3. These test are done in order to get data about the form of errors in drawing graphics. The results of the tests is also vary.
The first sample (S1), in the first test shows a concept error. S1 starts by drawing a graph f(x) = x2, then drawing graph f(x) = x2-6. S1 doesn't do correctly in shifting the graph. From the 5 points that have been made, 2 points are wrong in sliding. that should be  shifted down 6 units, but two points moved 4 points down. After that on the second test, S1 has answered with the correct procedure, which is drawing f(x) = x2 first, then shift it to get the graph f(x) = x2 + 3. However, not all points are correctly shifted up as far as 3 units, there are two points in the middle of the curve which are shifted only in two units. The two tests that were followed, S1 still made a mistake in shifting the curve.
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Picture 5. S1’s answer (test I)		Picture 6. S1’s answer (test II)

The second sample (S2), in the first test S2 directly draw a graph f(x) = x2-6 without drawing f(x) = x2 first. The points entered directly from f(x) = x2 then the coordinates y minus 6. It is not wrong conceptually, because for this first task, in finding the point can be done by changing the coordinates of y. However, what was asked in the task is not like that. The first task is that the student are asked to draw a graph f(x) = x2 first, then draw a graph f(x) = x2-6. This shows S2 make a procedure error. In the second test, S2 only draws graphs f(x) = x2, they do not draw graphs f(x) = x2+3. S2 has added 3 units of the original coordinate y. But when they draw the graph, S2 has not been able to shift the graph f(x) = x2 up as far as 3 units. This shows the procedure that must be done by S2 has not been done.
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Picture 7.S2’s answer (test I)		Picture 8. S2’s answer (test II)
the third ample (S3), in the first test did the same thing as S2. Draw directly graph f(x) = x2-6, without drawing graph f(x) = x2, than shifted 6 units down. In the second test, S3 make a concept error that they supposed to shift the graph f(x) = x2 as far as 3 units up, but 4 of the 5 points are made wrong in shifting. There are shifted only 1 unit, 2 units and 4 units. This shows S3 is not able to understand the concept of shifting the curve f(x) = x2 + 3.
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Picture 9.S3’s answer (test I)		Picture 10. S3’s answer (test II)

Students answer according to their understanding. The explanation shown above is the student who made a mistake, made a mistake again on the second test. There are also students who made mistakes on the first test, but the second test was correct. the forth sample (S4), in the first test made a procedural error as was done by S2 and S3, that they directly draw a graph f(x) = x2-6. In the second test, S4 is correct in answering the task, that is shifting the graph f(x) = x2 as far as 3 units up to get the graph f(x) = x2 + 3.
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Picture 11.S4’s answer (test 1)		Picture 12. S4’s answer (test II)

Overall, on the first and second tests, students do not always make mistakes. Many of them answered correctly. The details are as follows.
Table 1
The percentage of student answers
	No
	Valuation
	Test I
	Test II

	1
	Correct
	29,63%
	74,07%

	2
	Concept error
	7,41%
	11,11%

	3
	Procedural error
	62,96%
	14,82%


	
The table above shows that procedural errors still dominate. For either the first or second test, procedural errors are more than conceptual errors. This is compatible with the results of Priyati's research (2018),  that the mistakes often made by students are procedural errors in the amount of 71.23%. While conceptual errors have a lower percentage in the amount of 28.77%. Then, judging from the results of the test, learning PBL models with true or false strategies assisted by the Geogebra application can be one of the alternative choices for the teacher to solve the problem in drawing graphs of quadratic function. This is compatible with the results of Siregar's research (2017), that the use of Geogebra simulations is significantly effective in learning quadratic function graphs, the use of Geogebra simulations in learning quadratic function graphs can improve students' ability to recognize the characteristics of quadratic function graphs.

Conclussion
The conclusion of this research is that the error in drawing quadratic function graphs is dominated by procedural errors. PBL model with true or false strategy assisted by Geogebra application can be an alternative learning to solve students' mistakes in drawing graphs of quadratic functions. As for suggestions, research or analysis can be done more deeply related to increasing the ability of students to draw a graph of quadratic functions.
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