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Abstract.

A power can be seen as the product of multiplying a number by itself, whereas the root
is the opposite of power. These topics are very important to be understood by junior
high school students. This study aims to describe students’ errors in solving powers
and roots tasks based on AVAEM (ARITH, VAR, AE, EQS, and MATH) categories. The
type of this research is qualitative research with a case-study design. The subjects of
this research were 4 students of grade 9, at a junior high school in Banjarmasin, South
Borneo. Data were collected using tests and interviews. During the study, it was found
that errors made by students included errors in applying arithmetic operations (ARITH),
errors in understanding and distinguishing the roles of literal symbols (VAR), errors
in understanding algebraic expressions (AE), errors in distinguishing the meaning of
the “=” sign (EQS), and errors in mathematization (MATH). Errors made by students
in solving tasks are the gateway to analyzing the existence of learning obstacles.
Therefore, the implication of this study is the a first step to investigate learning
obstacles experienced by students in powers and root forms.

students’ errors, solving powers, roots based on AVAEM

Algebra is one of the key branches of mathematics that can be used to learn more
about a situation [1]. Algebra does not only stand alone, but as a unifying thread which
interlaces almost all of mathematics [2]. However, the facts show that students’ algebra
skills in Indonesia are still weak. Results Based on the 2011 TIMSS analysis, only 18% of
students in Indonesia answered correctly on the reasoning algebra content, and even
only 1% answered correctly on the applied algebraic content [3]. The algebraic ability of
students in Indonesia is proven by the results of previous studies related to difficulties

or errors when studying algebraic topic [4—6].
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One of the algebraic topics taught at the junior high school level is powers and roots.
A power can be seen as the product of multiplying a number by itself, which consists
of two numbers that can be written by a” where ‘@’ as the base number and ‘b’ as
the exponent. Whereas the root is the opposite of power. Powers and roots are very
important topics to be understood by students because these topics are prerequisite
topics in studying exponential and logarithmic equations and inequalities at the senior
high school level and other more abstract topics in mathematics.

Many studies have been carried out on powers and roots [7-9]. People consider that
powers and roots are easy topic, but in fact there are still many students who have
difficulty solving task related to this material, especially when they use exponent rules
[7]. Based on the results of daily test from four classes related to powers and roots in
the 2012/2013 school year, the percentage of students’ completeness in each class did
not reach 35% [8]. This happens because students are weak on the basic concepts
of integers, the properties of powers and roots, and the procedures and logarithms
needed to solve problems [8]. The difficulties faced by students in a topic or material
can be seen through the errors they make when completing the given task. Students’

errors are a kind of consistent and systematic error [10].

There is a study that examines student errors in the material of powers and roots. A
study concluded that grade 9 junior high school students did not understand the material
about powers and roots [9]. Based on the results of the study, there were conceptual and
procedural errors made by students when solving problems on the powers and roots
[9]. It is possible that there are other errors that have not been identified, especially if
the errors made by students are categorized into AVAEM (ARITH, VAR, AE, EQS, dan
MATH,) categories. Students’ errors in algebra are classified into five categories, namely
ARITH, VAR, AE, EQS, and MATH (AVAEM). The following is a brief explanation of these

five categories [4].

1. ARITH (Arithmetic)

2. Related operations: student errors when carrying out operations on numbers or

algebraic expressions.

3. Related rules: students do not follow the rules of the order of arithmetic operations

on either numeric or algebraic expressions.

4. Related properties: students are unable to apply the properties of numerical
operations (commutative, associative, inverse, or distributional) when dealing with

numbers or algebraic expressions.
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. VAR (Variable)

. Roles of literal symbols: students cannot distinguish the roles of literal symbols as

placeholders, generalized numbers, unknowns, and varying quantities.

. AE (Algebraic Expression)

. Parsing obstacle: students have difficulty in understanding the order in the original

language and algebraic expressions.

. Expected answer obstacle: students expect to have a numerical answer to an

algebraic expression.

Lack of closure obstacle: students perform addition and subtraction operations
on numbers and algebraic forms to obtain algebraic forms with an algebraic

expression.

Lack of gestalt view: students ignore visual salience of algebraic expressions, both
on pattern salience (sign of inequality, variable x, negative or positive sign of an
algebraic term) and local salience (algebraic expression with two terms and within

a bracket).
EQS (Equal Sign)

Different meanings: students do not understand the different meanings of the
equal sign in algebra (“is algebraically equivalent to0”) and in arithmetic (doing

calculations and writing answers).
MATH (Mathematization)

Horizontal mathematization: students have difficulty formulating or translating

between problem situations and mathematics.

Vertical mathematization: students have difficulty in reorganizing the mathematical

system or the process of moving with symbols.

Based on interview with a teacher, many students did not follow the exponent rules

so that they are not able to complete the task given correctly. In operating the root forms,

students tend to directly add or subtract the numbers inside the roots. If classified into

the AVAEM categories, the students’ error is categorized as ARITH, which is related

operations. Teachers should pay attention to how students respond, and errors made

when solving problems [11]. Through the errors made by students, it can be revealed

what learning obstacles are faced when studying the topic of powers and root forms
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so that the teacher can use it as a reference in designing learning methods on powers
and roots so that students can achieve great learning outcomes and are more ready
to accept material at a higher level of education. This study aims to describe students’
errors in solving power and roots task based on AVAEM (ARITH, VAR, AE, EQS, and
MATH) categories.

This study used qualitative research method with case study design. The subjects were
4 students of grade 9, a junior high school in Banjarmasin, South Borneo. The main
instrument in a qualitative research is the researcher itself. Therefore, it is important for
qualitative researchers to have perception into the field under study [12]. The data in this
study were collected using test and interview. Students were required to answers six
tasks related to powers and roots. Unstructured interview were conducted to strengthen
the information obtained from student test results. Data analysis techniques in this study
include data reduction, data presentation, and conclusion. The data would be identified
and classified into five types of errors according to AVAEM categories, i.e. ARITH, VAR,
AE, EQS, and MATH. The procedure of data processing in this study consists of, (1)
recording all student responses in completing the given task, (2) analyzing student
responses and seeing patterns of errors made by students, (3) describing patterns
that have been observed to in simple language and possible reasons for the mistakes
made by students, and (4) interviewing students by asking them to explain how they

completed the task to confirm the suspected error pattern.

This study discusses students’ errors in powers and roots topic. Students’ errors in this
study were analyzed based on test results and interview responses. The results show
that there are five categories of errors made by students in completing task related to

powers and roots.

The first error identified was ARITH. The ARITH category is classified into three
concerns, namely capabilities in carrying out arithmetic operations, understanding in the
priority rules of arithmetic operations, and applying properties of numerical operations
[4]. In this study, all students made an ARITH error. These results are in accordance with
other research that ARITH error category is the most common error found in students

than other error categories [13]. One of students’ errors related to ARITH are shown
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in Figure 1. In Figure 1, students were asked to perform arithmetic operations with
exponents. One of students made errors from the start since doing the calculation
where the expected result is . Based on interview response, the student said that the
result was 8 because 2 to the power of 3 equals 8, and then the base number and
its power (exponent) are both negative, so negative multiplied by negative results in
a positive. Here it is seen that the student did not apply or even did not understand
exponent rules that should be used in working the task. In addition, the student also tried
to perform addition operations on rational numbers in a way such as doing multiplication
on rational numbers which should be in addition on rational numbers must equalize the
denominator first. The most influential factors in ARITH are students made errors when
carrying out arithmetic operations and does not follow the rules of order of arithmetical

operations in numerical or in algebraic expressions [4, 13].

(-a)” + (o) At 2
-8 43 W W™
- 1 = W'

K

Figure 1: Example of student’s error in ARITH.

The next error made by students was VAR. Students who have difficulty in the VAR
category can be seen from their inability to distinguish the roles of literal symbols as
placeholders, generalized numbers, unknowns, and varying quantities [4]. In this study,
one out of four students made a VAR error. Example of student’s error in VAR can be
seen in Figure 2. In Figure 2, students are asked to determine the value of ‘a’ of a given
equation. As can be seen, the student has done exactly what was asked and expected
until he gets the value of ‘@’ is equal to 7. However, the student still continues his work by
substituting the value so that the student gets the final result equals 14. The response
from interview shows that the student did this to get the value of ‘a’ According to the
student’s response, the value of ‘a’ equals to 14, not 7. This shows that students have
difficulty understanding the role of the literal symbol as an unknown [4].

The third error identified was AE. The AE category is the difficulty of students in
understanding algebraic expressions [4]. In this study, two out of four students made
an AE error. Example of student’s error in AE can be seen in Figure 3. In that task,

students are asked to simplify powers. To do this task, students need to apply some
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Figure 2: Example of student’s error in VAR.

exponent rules so that the expected result from student is . However, on of students
immediately carrying out addition on the numbers that become the numerator such
as . In the denominator, the student carrying out addition on the two powers that is
and to to get . This shows that the student tried to perform addition or subtraction on
algebraic terms and numbers to get an algebraic term within an algebraic expression

[4]. Therefore, the errors made by these students are classified into AE category.
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Figure 3: Example of student’s error in AE.

The fourth error was EQS. The EQS category is a student’s error in understanding
the meaning of the “=” sign in algebra or arithmetic [4]. In this study, one out of four
students made an EQS error which shown in Figure 4. In that task, students are asked
to determine whether the given statement is true (B) or false (S). The expected answer
is true (B). The student’s work to get is correct even though there is an incorrect way
of writing. According to what is in the problem, students need to change the base of
powers that is 9 to 3 so that the expected result is equal to . However, the response
from the interview shows that the student directly carrying out division on the base
of powers by 3 to equate it with what is in the problem without changing the power
(exponent) by using the exponent rules. So, the student state that is equal to . Therefore,
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it can be concluded that students do not understand the meaning of the equal sign as

algebraic equivalence (“is algebraically equivalence to”) [4].

4 b A0
3)- 0 9 x 9 =3 (Folse)
4t 6 S
E)amugq,og- =9 x9 =9 P
Figure 4: Example of student’s error in EQS.

The last error identified was MATH. The MATH category is a student’s error in doing
mathematization both horizontally and vertically [4]. In this study, two out of four students

made a MATH error. Example of student’s error in MATH can be seen in Figure 5.

. =20:3 =10
= o x 3 = 30

Hence, the funef o Vimses s 30 ager 3 hour
Figure 5: Example of student’s error in MATH.

In that task, students were asked to determine the number of viruses in 3 hours if in
the beginning there is only 1 virus and the virus divides into 3 viruses every 30 minutes.
Therefore, the mathematical model expected by students is with the total viruses in 3
hours is equal to 729 viruses. Based on the students’ work in Figure 5 and the interview
response, the student immediately carrying out division on 30 by 3 because there is
a sentence in the question which states that every 30 minutes the virus divides into 3
viruses. Such errors occurred because students could not understand the context of
the given problem so they failed to formulate a mathematical model from the context of
the problem [14, 15]. Students are not able to understand what is known and asked in
the given task [16]. This means that the student have difficulty when dealing with word

problems whose context is related to real life, namely horizontal mathematization [4].

Teachers need to know the errors made by students when working on task related to
powers and roots so that it becomes a consideration for future learning on the same

material and so that students have no difficulty when facing more abstract material in
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the future. Students also need to know the errors they made so that they can correct
and not repeat the same errors. The results of this study shows that there are five
categories of errors made by students when solving task related to powers and roots,
that is ARITH, VAR, AE, EQS, and MATH. Errors made by students in solving task can
also be considered as a signs of learning obstacles experienced by students when
studying powers and roots topic. Therefore, the implication of this study is as a first step
to investigate learning obstacles experienced by students in powers and roots viewed

by the perspective of AVAEM categories.
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