International Journal of Trends in Mathematics Education Research

Vol. 2, No. 4, August 2019, pp. 188-192
Available online at http:/ijtmer.com

E-ISSN : 2621-8488

RESEARCH ARTICLE

Student’s Reversibility in Solving Algebraic Problem

Entya Esa Fitmawati'”, Tatag Yuli Eko Siswono!, Agung Lukito!

Master of Program of Mathematics Education, State University of Surabaya, Surabaya, Indonesia, 60231

*Corresponding Author: entyaesa.ee@gmail.com

How to Cite: Fitmawati, E.,E., Siswono, T.,Y.,E & Lukito, A. (2019). Student’s Reversibility in Solving Algebraic Problem. International Journal of Trends in Mathematics
Education Research, 2(4), 188-192. doi: 10.33122/ijtmer.v2i4.98

ARTICLE HISTORY

Received: 21 April 2019
Revised: 19 May 2019
Accepted: 26 June2019

KEYWORDS

Student’s Reversibility;
Solving Algebraic Problem

ABSTRACT

Reversibility is a mental process to construct two-way correlation from an initial condition to the result, and from
result reverse to initial state. The concept of reversibility is a key aspect of the development of mathematics which is
often problema for student. Reversible thinking is the primary requirement to solve mathematical problems. The
importance of reversibility is one of the reasons in this study. The aimed of this study was to identify student's
reversibility in solving algebaic problems. The subject consisted of 32 junior high school student’s, especially at the
eight grade. In this qualitative study, data were collected by a reversibility task and interview. The reversibility task
contained simple equation. The result of this study indicate that reversibility aspect of solving algebaic problem can
identified were reciprocity and negation, in this case reciprocity was more prominent. This could be seen from 32
junior high school students were able to make equation according to the reversibility aspect, but there were only five
students are be able to fulfill two aspect of reversibility, described as negation and reciprocity, the others only fill
reciprocity. The result showed that the problem related reversibility on junior high school still exist, especially in the

aspect of negation.

This is an open access article under the CC-BY-SA license.
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1. INTRODUCTION.

Algebra has long been considered a gatekeeper in secondary
schools (Moses & Cobb, 2001; Anggraeni et al, 2019). In line with
that, Lacey (2017) argues that algebra in an important for high level
mathematics, considering the increase employment in the field of
STEM (science, tecnology, emgineering, and mathematics) that
requires algebra. The algrebra effect as the gatekeeper is evident in
various wisdom state that substantial skills in algebra are needed
for graduation (Knuth et al, 2016). Greenes (2004) also reveal that
algebra is referred to as general aritmatic, because algebra
formulates aritmatic relationships. Algebra can be used to represent
and analyze qualitative relationship, model situation and solve the
problems (Knuth et al, 2016). In addition, Suh (2007; Winarso, 2019)
suggested the importance of algebra for elementary students and
emphasized on aritmatic which can be used to learn algebraic
concpts in elementary schools. So far there are still many junior
high school student's having difficulties in algebra. So that more
attention or ction is needed in developing students’ thinking skills
primarily in algebra. One of the abilities that can train students;
thinking skills in algebra is reversibility. According to Ramful (2015)
the problems associated with reversibility in learning mathematics
including: fractions, presentages, agebra and data.

Reversibility is the mental ability to think of students to reverse
their thinking direction. The ability to return the way of thinking to go
back the initial stage is called reversibility (Kang & Lee, 1999). In
line with that, Slavin (2006) defines reversibility as the ability of a
person to control their mentality in completing the given equation
and then return to the starting point. Krutetskii (1976) defines the
mathematical abilities related to success in solving problems is

reversibility and flexibility. Reversibility can be explained based on
structure, such as input, process and results in the form of
equations (Simon, Kara, and Placa, 2016; Rohimah, 2019).

Based on structure, reversibility in this study examines the
shape of the equation [(ax=b) * which b is the result and ax is
the input. The reversibility forms based on Piaget, for example
students are given two glasses of milk with the same volume, when
one of the milk is poured into a bowl the student is given the
question "which one is more?" milk in glass or milk in a bowl? "
Students with developed reversibility abilities answer that the milk in
the glass and milk in the bow! are the same, the volume is the same.
Like Adi (1978) who also stated that reversibility is important for
students in solving problems. Suppose equations 14-15/ (7-x) = 9
can be solved by reversing which number is subtracted by 14 is 9,
or by compensation that is multiplying both segments by 7-x (Adi,
1978). In addition, Linchevski & Herscovics (1996) explains that
reversibility is also related to finding an unknown basic form or initial
form, for example the addition and subtraction of [(a+x=bJ) *or

[(ax=b) *, which a and b known.

Krutetskii (1976) explained that one of the mathematical abilities
that is closely related to success in solving problems is reversibility.
Reversibility is the ability to construct a reversible two-way
correlation. In this study reversibility has two processes, describeb
as forward and reverse. Forward is the mental process when
starting from the initial state to the goal that is achieved, that is the
result, and reverse is the mental process from the expected goal
moving to initial state. Following Inhelder & Piaget, Ramful, and
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Hackenberg, reversibility can be applied in two ways; negation and
reciprocity. Negation means reversible thinking with involves
inversion, and reciprocity means reversile thinking with involves
compensation.

Consistenly, ~Mafulah, Juniati, and Siswono (2017)
identified the aspects of reversibility, as following in the Table 1.

Table 1. The aspects of reversibility that could identified

Aspect of Reversibility Explanation
When the subject used inversion
Negation towards the related operation
When the subject used compensation
or any other relationships equivalent
with a given equation in making
Reciprocity equations.
Capability to return | When the subject could return the

the initial point after
obtaining the result

equation to its starting point using
correct prosedures.

Kruteskii describes two definitions of reversibility, namely (1) a
two-way process; the ability to construct a reversible two-way
correlation, and (2) mental processes; the ability to connect two
directions for two mathematical abilities, or an ability obtained from
an individual's mental process to return to the starting point after
obtaining results. The  reversibility criteria of students in solving
algebraic questions is how many similarities can be made by
students.

In this study, researchers wanted to identify the reversibility
ability of 8th grade junior high school students in solving algebra
problems, where they identify through the completion of students on
the given had received algebraic material at the previous level. In
addition, in Piaget's opinion that at the stage of concrete operational
cognition growth (students aged 7-11 years) students are at the
stage of development of reversibility. Piaget (in Slavin, 2008: 45-55)
explains that stages of a person's cognitive development between
birth and adulthood are divided into 4 stages, namely:

1. Stage sensorimotor (at birth until around 2 years old)

At this stage, the baby learns about the environment by using
his senses and motor skills. Babies move with reflexes. The
development of the baby's understanding of the object's object,
namely children must learn that the object is physically stable
and remains even though the object is not in the child's physical
presence. For example, when closing a bottle in a towel, the
child might not get rid of the towel, believing that the bottle is
gone. At the age of around 2 years, children understand that
even objects cannot be seen. When children develop ideas
about the determination of these objects, they increase one step
towards more advanced thinking.

Preoperational stage (ages around 2 years to 7 years)

At the preoperational stage, children's language and concepts
develop rapidly, but are very primitive. The development of its
ability to use symbols to symbolize an object. Children do not
have an understanding of the principle of conservation, because
at this stage the child has the nature of dissatisfaction, namely
giving attention to only one aspect of the situation. So that
children's thinking is intuitive and not irreversible that is, children
are unable to change the direction of their thinking back to their
original position. According to Piaget, at this stage the child's
thinking is egocentric, ie the child believes that everyone sees
this world exactly as they see it.

3. Concrete operations (ages around 7 years to 11 years)

One of the characteristics of children at the concrete operational
stage is the development of reversibility. Reversibility is a
person's mental ability to change the direction of his thinking
back to its original point. For example if you are given two
glasses of water with the same volume and the size of the glass
cup together. When one glass of water is poured into a bowl
(shorter and wider container), then when asked "where is more
water in a glass or water in a bowl?" Then the child at the
preoperational stage will answer a lot on the glass because the
child's thinking at the preoperational stage is centralized and
irreversible. The child is only centered on one object, namely
the water level. Whereas children in the concrete operational
stage will answer a lot of water in a glass together with water in
a bowl. Because the child at this stage has the idea that the
water on the magkok is poured back into the glass, the height
will be the same as the water in the other glass. This means
that at this stage the child's ability to change the direction of his
thinking back to its original point has begun to develop.

Formal operations (ages around 11 years to adult)

At the formal operational stage the child can think abstractly and
can reason logically.

The researcher gave an algebraic test related to reversibility,
then the researcher could test.

2. RESEARCH METHOD.
21 Research design

The research design of this study is qualitative design. Bogdan and

Biklen (1998) explained the characteristics of qualitative research,

and the present study is in accordance with these characteristics,

as state are:

1. It was naturalistic because the data sources was real with
reasearcher as the pimary instrument

2. The data was descriptive due to its qualitative nature, in the
form of essay. In this case the data was derived from the
result of the subjects’ work

3. It was inductive, which had no intention to test a hypothesis,

but marely describing a phenomena.
2.2 Research subject

The study involved 32 junior high school at the eight grade as the
research subject with high, moderate and low mathematical
capabilites. As for the consideration, researchers took grade
8 as a subject because 8th grade  students had received
algebraic material in grade 7. In addition, the subject were selected
with consideration that reversibility began to develop in the age
range between 7 to 11 years old.

2.3 Research instrument

The purpose of this dtudy is identify students’ reversibility to solve
algebraic problems is related to the reersibility concept. The
instrument applied here is reversibility task, which contained simple
equation. In this task, subject are asked to make many equation
equivalent with given equation. Their work then analyzed based on
reversibility ascpect as described in theoritical framework, as shown
in Figure 1.
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TEST
Given the following equation:

15
14——=09
x

Make five equation as equivalent with the equaion above !

Figure 1. Test Instrument

2.4 Data Collected Procedure

The researcher gave the task which is related to reversibility
concept to the subjects. Then subjects completed the task
individually.

2.5 Data Analysis

Students’ work were analysed by looking the reversibility aspect
related to each step when the subjects make equation. Then the
reseacher classifies the related reversibility aspect based on those
describe in theoritical framework according to Maf'ulah et, al (2017),
which are: negation, reciprocity and capability to return the initial
point after obtaining the result. Negation means its was when the
subject used inversion towards the related operation, reciprocity
means its was when the subject used compensation or any other
relationships equivalent with a given equation in making equations,
and capability to return the initial point after obtaining the result
means when the subject could return the equation to its starting
point using correct prosedures.

3. RESULTS AND DISCUSSION

The result of this study were obtained from the a reversibility test
(i.e., TR) given to 32 junior high school students at the eight grade.
This reversibility test consisted of an algebraic problem containing
the equation. In this test subject asked to make equations that
equivalent with the intial equation. This test aims to see and identify
their reversibility abilities in solving algebraic problems. With this
test researcher can identify student’s reversiblity.

The result of the work showed that the subject have succeeded
made the equation worth the requested, but only five students’ who
are able to fulfill the all aspects of reversbility while others only fill
one of the reversibility aspect. In this case the researcher only
analyzed one of the students’ work, as shown in Figure.
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Figure 2. The example of student’ work making equation

In identifying students’ reversibility abilites, the researcher shows
the prosedure used by the subject in making the equation based on
the result of the interview. Previously the interview results were
described based on the following code:

Ri = questions from researchers
Si = the answer from the subject

R1 = explain the steps you used to make the equation 14x-15 = 9x

S1 = Yes, from the initial form 14-15/x = 9, | multiply the two
sections with x.

R2 = then what about the feeling of 5x = 15

S2 = from the equation before it was 14x-15 = 9x, | moved 9x to the
left section and moved -15 to the right side, then subtracted
14x to 9x, which then obtained 5x = 15

Based on the results of the work, the subject makes an eqution by
multiplying the two segments by x, which is 14 - 15/x = 9 multiplied
by x obtained by 14x - 15 = 9x. Then in the next step the subject
writes 5x = 15 obtained from moving 9x then subtracts 14x with 9x
and moves -15 to the right segment. In the first step in making the
equation, the reversibility aspect that can be known is reciprocity,
which is when the subject uses compensation by multiplying the two
segments by x. Later in the next step when the subject writes 5x =
15 reversibility aspects that can be addressed is negation, which is
when the subject uses inversion by moving 9x to the left side and
moving -15 to the right segment.
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Figure 3. The example of student’ work making equation

R3 = explain the steps you used to make the equation 28 — 30/x
=18

S3 = initial form 14-15/ x = 9, then | multiply the two segments by 2

R4 = then?

S4 = from the equation 28-30 / x = 18, | move 28 to the right
segment and subtract 18 by 28, then multiply the two
segments by -1.

R5 = what if the two segments are not multiplied but divided by the
same number?

S5 = the same result will be obtained, which is the equivalent of the
initial equation.

R3 = explain the steps you used to make the equation 28-30 / x =
18

S3 = initial form 14-15/ x = 9, then | multiply the two segments by 2

R4 = then?

S4 = from the equation 28-30 / x = 18, | move 28 to the right
segment and subtract 18 by 28, then multiply the two
segments by -1.

R5 = what if the two segments are not multiplied but divided by the
same number?

S5 = the same result will be obtained, which is the equivalent of the
initial equation.

Based on the results of the interview, the subject made a
equation by multiplying the two segments by 2, which obtained
results 28-30 / x = 18. Then in the next step, at 30 / x = 10 subjects
move 28 to the right segment and subtract 18 by 28, then multiply
the two segments by -1. In the first step in making the equation, the
reversibility aspect that can be known is reciprocity, which is when
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the subject uses compensation by multiplying the two segments by
2.Then in the next step when the subject writes 30/x = 10. the
reversibility aspect that can be known is negation, which is when
the subject uses inversion by moving 28 to the right segment.

Figure 4. The example of student’ work making equation

In figure 4, the subject makes an equation by multiplying the two
segments by 3. Next move 42 to the right hand and subtract 27 by
42, then multiply the two segments by -1. The method used is the
same as images 1 and 2.

Figure 5. The example of student’ work making equation

In figure 4, the subject makes an equation by only dividing the two
segments by 3. In the equation the subject does not use the method
as previously used.

Based on Figure 1 and Figure 2, there are points that are of
concern to the researcher relating to the ability of
reversibility in making equations. This can be found in stages S1,
S2, S3 and S4. For more details, it will be shown in the table below.

Table 1. Interesting matters when subject made equation
No Kode Interesting matters when subject made equation
*) S1 o L
Multiplying the two segments with
*%’ 82 _
) Moved 9x to the left side and moved 15 to
the right side, then substract 14x with 9x
*) S3 Multiplying the two segments with 2
Moved to the right side and substructing 18
with 28, then multiplying two segments with —1

The explaination of Table:

*)  In stage S1, the subject multiplies both segments with x; and
in the S3 stage the subject multiplies both segments by 2

) In stage S2, the subject moves 9x to the left section and

moves -15 to the right segment then subtracts 14x to 9x; and

in stage S4, the subject moves 28 to the right segment and

subtracts 18 by 28, then multiplies the two segments by -1.

Figure 6. The example of student’ work making equation related the
aspect reiprocity

In figure 6, can be seen that the students in making equations
equivalent to the initial equation given, only used way changed
the shape of the equation by multiplying the two segments with the
same number. The aspect of reversibility identified is reciprocity,
which is using compensation.

Based on the these results show that in making equations of
value, students tend to prioritize changing equations by adding,
subtracting, multiplying or dividing the two segments with the same
number. Where the aspect of reversibility that can be identified is
reciprocity. Next the students change the equation by embalming,
the aspects identified are negation and obtaining.

4. CONCLUSION

The reversibility aspect in solving algebraic probems when make
equation were negation and reciprocity. In this case, the more
prominent aspect was reciprocity. This could be seen from the
strategy subject used in making the equations. When students’
make equations, students’ tend to prioritize changing equation by
adding, subtracting, multiplying or dividing the two segments with
the same value. Negation was identified when the subject moved
the parts of the known element, in this case the subjuct used
subtraction operation, which was the inversion of an addition in the
initial equation. This could be seen from 32 junior high school
students were able to make equation according to the reversibility
aspect, but there were only five students are be able to fulfill two
aspect of reversibility, described as negation and reciprocity, the
others only fill reciprocity
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