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Abstract. This study aimed to (1) describe the students' conception of class X in exponent material and (2) describe the misconceptions experienced by students of class X in exponent material. Subjects in this study were the students of class X at one of vocational school in West Kalimantan. The instrument used in this study was a three-tier test, a test consisting of three levels, the first level is a multiple choice question regarding the concept of exponents, the second level is a matter of reasoning about the reason for the answer from the first step, and the third level questions about confidence in the answers given by students. The results of this study indicate that 69.71% of students understand the concept, 14.71% of students experience misconceptions, 0.59% of students experience misconceptions (false positive) and 0.88% experience misconceptions (false negative), 7.65% of students do not understand the concept, and 6.45% of students are identified correctly because of luck or true but not confident. Misconceptions experienced by students in learning exponent material are students do not understand the properties of exponents so students are wrong in using exponential properties to simplify exponential equations involving the operation of addition, subtraction, multiplication, division, and rank. Misconceptions that also occur a lot are students wrong in understanding the definition of negative exponent.
Introduction
Mathematics is a subject full of concepts. If one concept is not understood, it will affect the understanding of other concepts because the concepts are interrelated. That is, an understanding of basic concepts is needed so that later it will be easier to understand the following concepts. To understand students' conceptions, several different types of instruments are used to indicate them, such as interviews, open questions, concept maps, and multiple-choice questions all of which have advantages and disadvantages in their use practices [1]. Multiple-choice tests are often preferred because it is easy to apply in measuring students' understanding of a concept/ material, but regular multiple-choice tests have some limitations in their application, such as in determining whether students respond correctly to tests consciously or accidentally. On the other hand, interviews can provide more complete information about alternative concepts of students and their understanding related to certain concepts, but it takes a long time to carry out interviews with many students and generalize their concepts.
The three-tier test is one instrument that can be used to identify students' conceptions. This instrument proved to be very accurate in observing the effectiveness of learning, measuring student understanding, and distinguishing students' misconceptions due to not understanding concepts or misconceptions [2]. Three-tier test is an instrument with three levels, namely: (1) content tier that measures respondents' knowledge related to a concept/material, (2) reason tier to see the reasons behind the answers given by respondents in the content tier, and (3) certainty response index which measures how confident the respondent will be in the first and second level [3]. This type of test is considered to be able to diagnose students 'conceptions/misconceptions well because there is a second level of test that asks the reasons for the respondents' answers at the first level. And also the third level that asks how confident respondents are with the answer ([1], [2], [3], [4]).
When students learn about a concept, in general, there are three possibilities, namely: students understand the concept, students do not understand the concept, and students experience misconceptions in understanding the concept. Three-tier tests can further identify whether the truth of students in answering questions because students understand the concept or correct only because of luck (students lack confidence in answering questions). Likewise, when students answer incorrectly, a three-tier test will be able to identify whether the error is because students do not understand the concept or students experience misconceptions in understanding the concept.
When teachers teach a concept to students, teachers need to know the students 'conceptions so that they can evaluate students' understanding of concepts and evaluate how to teach them. When students do not understand the concept, the teacher can re-teach to give students an understanding of the concept. When students experience misconceptions, the teacher must explain students' misconceptions in understanding the concepts, and explain the correct concepts. Misconceptions will interrupt the acquisition of new knowledge because misconceptions in understanding the prerequisite concept are believed to hold back the new knowledge acquisition and integration [5]. 
Exponent is one of the mathematical materials learned in vocational high schools in class X. exponentiation is important for the understanding of advanced mathematical concepts, such as exponential functions, logarithm, and calculus. Furthermore, exponentiation is crucial to interpret some of the models in different fields, such as population control, radioactive decay, problems of inflation, musical scales, algebra, and complex analysis [6]. The difficulty of students in the exponent concept will cause students to also experience difficulties in learning advanced mathematical concepts. Based on the background that has been mentioned, the writer feels interested in doing research related to the conception of vocational students on exponent material. This study aims to describe the students' conceptions and misconceptions experienced by students of class X in exponent material
Method
The method used in this research is descriptive because this research will describe students' conceptions and misconceptions in exponent material. The research subjects were grade X vocational school students in one school in West Kalimantan who had studied exponent material. The instrument used was a three-tier test, a test with three levels consisting of 10 questions. The indicators of the test are presented in Table 1.
Table 1. Indicators of Exponent Test Questions
	
	Indicators
	Question Number

	1
	Multiplication of exponential expressions with the same bases.
	1, 2

	2
	Multiplication of exponential expressions with different bases.
	7

	3
	Division of exponential expressions with the same bases.
	3, 5

	4
	Division of exponential expressions with different bases.
	4

	5
	Rank of exponential expressions
	6, 8

	6
	Division and rank of exponential expressions with different bases.
	9

	7
	Addition of negative exponent with the same bases.
	10


Three-tier diagnostic test consists of three levels, the first level is a multiple choice question with five answer choices (A, B, C, D, and E) regarding the concept of exponents, the second level is a matter of reasoning about the reason for the answer from the first step, this reason also in the form of multiple choices consisting of five answer choices (A, B, C, D and E). The third level is the certainty of response index of questions about confidence in the answers given by students, consisting of two choices, namely sure and not sure.
The procedures in this study are: (1) giving three-tier tests to research subjects, (2) grouping students’ conceptions based on students' answers to the three-tier tests, (3) calculating the percentage of students’ conceptions, (4) describing students' conceptions, especially on concepts that are most students experience the most misconceptions. The grouping of students' conceptions based on answers to the three-tier tests given by respondents can be seen in the following Table 2.

Table 2. Student Conception Based on Answers on the Three-tier Test
	Student Answers on the Three-tier Test
	Student Conception

	Level 1
	Level 2
	Level 3
	

	correct
	correct
	sure 
	understand

	correct
	incorrect
	sure
	misconception (false positive)

	incorrect
	correct
	sure
	misconception (false negative)

	incorrect
	incorrect
	sure
	misconception

	correct
	correct
	unsure
	lucky guess, lack of confidence

	correct
	incorrect
	unsure
	do not understand

	incorrect
	correct
	unsure
	do not understand

	incorrect
	incorrect
	unsure
	do not understand



Results and discussion
Based on students' answers on the three-tier diagnostic test, students are grouped into five categories, namely understanding concepts (U), misconceptions (M), false-positive misconceptions (MFP), false-negative misconceptions (MFN), not understanding concepts (NU), and true because of lucky  guess or true but not confident (LG). Students' conceptions on each item from the three-tier test are presented in Table 3.
Table 3. Students' Conceptions on Each Item from the Three-Tier Test
	Number of Question
	Percentage

	
	U
	M
	MFP
	MFN
	DU
	LG

	1
	85.30%
	0%
	2.94%
	2.94%
	8.82%
	0%

	2
	94.12%
	2.94%
	0%
	2.94%
	0%
	0%

	3
	82.35%
	2.94%
	2.94%
	0%
	11.77%
	0%

	4
	55.89%
	26.47%
	0%
	0%
	8.82%
	8.82%

	5
	64.70%
	17.65%
	0%
	0%
	5.88%
	11.77%

	6
	76.47%
	8.82%
	0%
	0%
	2.94%
	11.77%

	7
	82.35%
	8.82%
	0%
	0%
	2.94%
	5.89%

	8
	85.30%
	5.88%
	0%
	0%
	2.94%
	5.88%

	9
	29.41%
	52.94%
	0%
	0%
	14.71%
	2.94%

	10
	41.17%
	20.59%
	0%
	2.94%
	17.65%
	17.65%

	Average
	69.71%
	14,71%
	0.59%
	0.88%
	7.65%
	6.47%


Based on Table 3, it was concluded that mastery of students' concepts on exponents was quite good. This can be seen from the average of students who understand the concept of 69.71%. But there are still 16.18% of students experiencing misconceptions (14.71% misconceptions, 0.59% false-positive misconceptions, and 0.88% false-negative misconceptions) and 7.65% of students do not understand the concept of exponents. Based on Table 3, it is also seen that many students experience mistakes in questions number 4, 5, 9, and 10, which is less than 65% of students who understand the concepts in these questions. The following will describe the mistakes made by students in solving questions number 4, 5, 9, and 10. Question number 4 of the three-tier test as in Table 4.
Table 4. Three-tier Test: Question Number 4
	Tiers
	Three-Tier Question

	Tier 1
	4. 1. Simplify the exponents:   
A. 
B. 
C. 
D. 
E. 

	Tier 2
	4.2. Which one of the followings is the reason of your answer for the previous question?
A. 
B. 
C. 
D. 
E.  




In question number 4, 26.47% of students experienced misconceptions and 8.82% of students do not understand the concept. Misconceptions that occur in this problem are students answering at tier 1 is E and tier 2 is C (. This misconception occurs because students incorrectly apply the properties of exponent, students simplify the division of exponential expressions by using multiplication properties, so students add the power of exponential expressions, not subtraction it. Another misconceptions are students answering at tier 1 is A and tier 2 is A . This misconception occurs because students do not pay attention to the negative exponent of the divisor. Question number 5 of the three-tier test as in Table 5.
Table 5. Three-tier Test: Question Number 5
	Tiers
	Three Tier Question

	Tier 1
	5.1. Calculate the operating results of the exponents:   
A. 625
B. 25
C. 
D. 793
E. 13

	Tier 2
	5.2. Which one of the following is the reason for your answer to the previous question?
A. 
B. 
C. 
D. 
E. 

	Tier 3
	5.3. Are you sure about your answers for the previous two questions;
A. I am sure.
B. I am not sure.



In question number 5, 17.65% of students experienced misconceptions and 5.88% of students do not understand the concept. The mistake made by students who are misconceptions and students who do not understand the concept is that the answer to tier 1 is B and tier 2 is A . This shows that students experience misconceptions in the operation of addition and division of exponent. A similar mistake was also found by [7] in his research which concluded that one of the difficulties of students in exponential material is in carrying out the operation of addition and multiplication of exponents.
In this question, enough students answered correctly in tier 1 and tier 2, but they not sure that their answers were correct. This likely happened because students guessed when answering questions. However, this can also be caused the students do not understand the concept so that they lack confidence in answering questions. Question number 9 of the three-tier test as in Table 6.
Table 6. Three-tier Test: Question Number 9
	Tiers
	Three Tier Question

	Tier 1
	9.1. Simplify the exponents: 
A. 
B. 
C. 
D. 
E. 

	Tier 2
	9.2. Which one of the followings is the reason of your answer for the previous question?
A. 
B. 
C. 
D. 
E. 

	Tier 3
	9.3. Are you sure about your answers for the previous two questions;
A. I am sure.
B. I am not sure.



Question number 9 is the question with the lowest score, only 29,41% of students understand the concept,  52,94% of students experienced misconceptions, 14.71% of students do not understand the concept. This is the most misconception done by students. Most students experience the same misconception, namely answering E at tier 1 and B at tier 2 (). Another misconception is that students answer D in tier 1 and C in tier 2 . This misconception occurs because students do not understand the properties of the powers of exponents. Question number 10 of the three-tier test as in Table 7.
Table 10. Three-tier Test: Question Number 7
	Tiers
	Three Tier Question

	Tier 1
	10.1. Calculate the operating results of the exponents:  
A. 
B. 
C. 
D. 
E. 

	Tier 2
	10.2. Which one of the followings is the reason of your answer for the previous question?
A. 
B. 
C. 
D. 
E. 


	Tier 3
	10.3.   Are you sure about your answers for the previous two questions;
A. I am sure.
B. I am not sure.


In question number 10, 20.59% of students experienced misconceptions, 17.65% of students do not understand the concept. Misconceptions that occur in this problem are students answering at tier 1 is B and tier 2 is E. This misconception occurs because students misunderstand the definition of negative exponents.  Another misconceptions are students answering at tier 1 is D and tier 2 is B (. This misconception occurs because students incorrectly apply the properties of exponent, students simplify the addition of exponential expressions by using multiplication properties. A similar mistake was discovered by [8] who in her research found that students made many mistakes in understanding the concept of negative exponents.
In general misconceptions experienced by students in learning exponent material are students do not understand the properties of exponents so students are wrong in using exponential properties to simplify exponential equations involving the operation of addition, subtraction, multiplication, division, and rank (e.g. . Misconceptions that also occur a lot are students wrong in understanding the definition of negative exponents (e.g. .
Students' misconceptions in learning exponential material are students’ learning obstacles. The misconception analysis produced in this study can be the basis for developing learning designs through didactical design research (DDR). Some researchers have used students’ learning obstacles in designing mathematics learning designs through DDR successfully overcoming students’ learning obstacles in learning mathematics ([9], [10], [11]).
Conclusions
Based on the results of the study concluded that 69.71% of students understand the concept, 16.18% of students experiencing misconceptions (14.71% misconceptions, 0.59% false-positive misconceptions, and 0.88% false-negative misconceptions), 7.65% of students do not understand the concept, and 6.45% of students are identified correctly because of luck or true but not confident. Some concepts that students have mastered well the multiplication of exponents with the same and different bases, the division of exponents with the same and different bases, and the exponent's rank. But many students experience misconceptions in problems with varying operations, students incorrectly use exponential properties to simplify exponential equations that involve addition, subtraction, multiplication, division, and rank operations. Misconceptions are also experienced by students on negative exponents.
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