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Abstract. This research aims to analyze students‘ answers in rational and irrational
inequalities. A qualitative method was used in this research. Data were collected from 42
students of 10" grade through the test consisted of 10 problems. The result showed two
groups of students® solutions. The first is students who used a number line and the second
is students who solve directly without the number line. There are six categories of student
errors i.e. solving rational inequality, looking for zero makers in numerators and
denominators of rational inequality, errors arose from problems with factorization, wrong
in applying the property of distribution, ignoring irrational inequality rules, and
misinterpreting the sign of inequality. We conclude the use of number lines is enough to
help students in solving rational and irrational inequality if students understand the rules
of rational and irrational inequalities and able to interpret the sign of inequalities on the
number line.
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1 Introduction

Inequality is part of algebra. Algebra is one of the most essential topics in mathematics
because its application is very fundamental and integrated into other conceptual concepts in
mathematics [1]. The success of studying inequality will facilitate the learning of the next
mathematics concept. Algebra is the way we express generalizations about numbers, quantities,
relations and functions [2]. A good understanding to connect numbers, quantities, relations and
functions is related to success in using algebra. The basics of calculating operations are needed
in inequalities where are the backbones of many concepts and mathematical areas [3].

Recent research on school algebra has included a focus on students’ understanding of and
approaches to inequalities [4]. One example of this research on the topic of inequalities includes
research conducted by Botty et al. [5] on year 9 in the secondary schools in Brunei Darussalam.
The primary focus of this study is to investigate which area or items that the students find easy
or difficult. The results of his research showed that students are confused with the value of
negative integers. Most students answered —12 is less than —21. There are also, students who
made mistakes because they were careless. For example, students are asked to draw x < —1.
Students knew that the value decreases but students drew the number line to the right. These
mistakes can be considered as carelessness. Students had poor basics in solving algebraic
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equations. Those who made mistakes were mostly because of the change of sign when dividing
the other side with a negative integer and careless mistakes when dividing positive integer with
a negative integer to form a positive value [5].

Another research was conducted by Tagiyuddin et al. [6] which unveils how junior high
school students answer 9x 4+ 1 > 9x — 2. The result shows that the majority approached the
question by doing algebraic operations. For example, one of the students subtracted both sides
of the equation by 9x and 1 by writing down 9x — 9x into x instead of 0. In the next step, —2 —
1 is simplified into —3. Interestingly, he simplified 9x — 9x becomes x instead of 0. Most of
the students incorrectly answer the question in conducting the algebraic operation. In addition,
there are also those who only rewrite questions, interpret inequalities into words, or blank
answers [6]. Errors in students® answers were similar to the research conducted by Botty et al.
[5] and Tagiyudin et al [6] also unveiled in research conducted by Saputro et al. [7 ] in one
junior high schools, Indonesia. A problem in the study, students were asked to find the value

of yify =100 — g when t = 9. A student simplifies the terms of algebraic expressions that

only contain variables because the student answered y = 10 when he substitutes t = 9. There
are also, a student does not use fractional reduction rules with integers correctly. Student who

respondent % have a misunderstanding of integer execution operations by fractional numbers

[7]. This study showed that students had poor basics in solving algebraic equations.

Based on the research conducted above, this research will analyze the students' answers in
solving rational and irrational inequalities. Most of the books used by students refer to rational
inequalities as inequality of fraction forms. Understanding the concept of rational numbers or
fractions greatly affect student performance because rational numbers are one of the most

important types of knowledge needed in learning [8]. This rational inequality has the general
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form ) <0, P >0, 900 = 0, or 9G0) = 0 where f (x) and g(x) are functions in X, g (X) *
0, Vx € R. Some students solve inequalities such as solving equality and students have blg

problems in solving inequality [9]. Another study in early mathematics university students in
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Italy [10] which showed some students fail to describe inequalities such as % > 0 There are

also irrational inequalities which are more commonly referred to as form inequalities the root
or inequality of variables that are included in the root sign. In a variety of mathematics

textbooks, high schools found a collection of kinds of irrational inequality i.e{/u(x) < a,

\/u(x) <a, \/u(x) >a, Ju(x) = a, \/u(x) < \/v(x), \/u(x) < \/v(x), \/u(x) > \/v(x), or
Julx) = /v(x) where a = 0 and u (x) and v (x) are functions in x provided that u (x) = 0,
and v (x) = 0. In solving this rational and irrational inequality, students were asked to use a
number line to find the inequality solution because the teacher always gives them to make a
number line set to solving inequality. But there are some students who do not understand how
to interpret the number line. This is quite relevant to the statement of Woods et al. [11] which
describes some students may need guidance in interpreting number lines or maybe to work using
number lines. Systematically, modeling mathematical concepts in a number line and teaching
students how to represent the lines above might encourage students to understand the initial
concepts of mathematics.

Bagni [12] conducted research on students 16-17 years old (the 11 class or in the 111 class of
the Italian Liceo Scientifico). The results showed that many students are conditioned to apply
always the “standard” rules given by the teacher. This also reinforces the reason that students
tend to do what their teacher does including using number lines in solving inequalities.




From the above explanation, it can be concluded that the topic of rational and irrational
inequalities is important to investigate because of several factors, i.e. the topic of rational and
irrational inequalities is one part of algebra that is important to study. In addition, based on the
results of previous studies found errors of students in solving solutions to rational and irrational
inequalities where the topic of rational and irrational inequality is also a supporting concept to
other topics on mathematics. Errors will always be there since errors are part of learning and
learners are learning all the time. This means that teachers must always research on learner
errors [13]. Research on errors in this rational and irrational inequalities needs to be analyzed
so that it can be corrected through subsequent learning.

2 Methods

This research aims to analyze students‘ answers to solving rational and irrational
inequalities. A qualitative method was used in this research. Data were collected from 42
students of 10" grade through the test consisted of 10 problems. First, students were asked to
solve a set of rational and irrational inequalities problems. Students had a break after the written
test. Next, the interviewer selected students for additional individual interviews to gather more
detailed data to analyze the reasons for students® answers. The interviews were conducted on
the same day as the written test. The interviewer did not intervene to get correct or incorrect
solutions. As a guideline for carrying out the interviews, general starting questions and follow-
up questions had been prepared to both focus on investigating students® error and to allow
flexibility during the interviews. The general interview questions included:

Do you understand this problem?

Could you explain your solution?

Why did you take this step?

What did you mean by this step?

What is the next step?

How do you check whether your solution is correct or not?

The former type of questions was used at the beginning of an interview, and the latter was
used while the interview was taking place and depended on students’ responses. If a student did
not solve one of the tasks, the interviewer asked whether he or she understood the task and then
asked further questions depending on his or her reactions.
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3 Result and discussion

It was found that many students experienced errors in solving rational and irrational
inequalities problems. This can be seen in the results of tests that have been done, there are
students who answered correctly under 50% of the total respondents. In explaining the types of
students' answers, the researcher uses simple problems that students should have mastered to
make it easier to answer other more complex problems.

Figure 1 is a graphic of the percentage correct answers from students who use the number
line in solving inequality and without do not use the number line. From the graphic above, we
get that 8 out of 10 problems, students who answer correctly use more numbers to solving
inequalities problems.
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Fig. 1. Graphic of student’s answers
3.1. Student’s answer using a number line

There are some errors seen in students who use number lines in solving inequality.
However, it turns out that the error that occurred was not in interpreting the number lines but
since the students did the arithmetic operations. For example, in problem number 5 as shown on

Figure 2, which is to solve 3xx_2 < x, students first subtract the two sides with x then separate

the numerator and denominator into —x? + 3x — 2 < 0 and x < 0. Then students count them
one by one. The sign of inequality follows the problem. In completing the quadratic form,
students multiply the inequality —x? + 3x — 2 < 0 with —1. Based on the results of the
interview, students explained this was done in order to make it easier in factoring when the
variable of x? is positive. However, students are still wrong in factoring. These 11"-grade
students still cannot make the quadratic factor even though the factoring skills were taught
earlier in grades 9 and 10. This is a problem because factorization is the basic skill that a person
needs to be able to overcome problems related to mathematics later in further education [13].
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Fig. 2. Student A’s answer

The way that these students do is similar to the answers of students in research conducted
by Anggoro & Prabawanto [14]. Students are wrong in solving inequality (x — 1)(x + 1) > 0
as shown in Figure 3. The student writes (x — 1) > 0, (x + 1) > 0. The student does not find
an inequality solution because it tends to take steps to solve it like in the equation problem.

Other students‘ answer, they multiply both sides by x. Then write it in the form of quadratic
inequality and x # 0. At the end of the answer, students draw two number lines. When
researchers ask why he solved it like that. Students answer that for inequality to be positive,
both values must be positive or both are negative. Students also understand that in problem
number 5 there is a condition x # 0. However, the student did not check whether x < 0 is the
solution to inequality.



Fig. 3. Student B’s answer.

There are also students who did algebraic operations correctly but they incorrectly drew a
number line like problem number 10 as shown on Figure 4. Students solve the inequality vx +
Vx +1 < 3. The student is able to calculate correctly, and use the rules rational inequality
correctly but incorrectly in drawing a line number x < ?, so that the inequality solution

obtained is wrong.

Fig. 4. Student C’s answer.

The same thing happened to the inequality problem vx + 3 < 3 as can be seen on Figure
5. Students are correct in performing algebraic calculation operations, but at the end of the
answer, students are wrong in describing the solution in a number line. The student has done
algebraic operations correctly but they misinterpreted the sign of inequality in the number line.
Inequality x < 6, students interpret by drawing a number line whose direction is to the correct.

Fig. 5. Student D’s answer.

3.2. Student’s answer without number line

In the rational inequalities problem ﬁ > % as can be seen on Figure 6, students do
similar manipulation as if it was an equation problem. Students ignore zero makers on the



denominator. Students also do not make a number line in solving inequality because students
think that there is only one value that makes true.
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Fig. 6. Student E’s answer.

The way to answer the inequality problem is almost similar to the way to answer the
Preparatory year students at King Saud University. Based on the literature, this error is called
errors due to finding and writing the solution set [15]. In the study, students were given problems

—>2 Thenstudentswrlte—>2=>T=2:>x—1—2x=>x>1

Furthermore, for problem number 10 (Figure 7) more than 50% of students answer without
using a number line and the mistakes made are almost the same. Based on the results of the
researchers' analysis, students make mistakes in applying the properties of the multiplication
distribution between two forms of algebra.
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Fig. 7. Student F’s answer.

There are also other students' answers that are correct in applying the distributive properties
of multiplication but when the final stage of completion students ignore the rules that the
numbers in the roots must be positive. Here is one example of students‘ answers to problem
number 10 as can be seen on Figure 8.
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Fig. 8. Student G’s answer.

When it is to answers x < 19—6 students do not write rules irrational inequalities. The student

justifies the answer given by saying, " | forgot the condition for the root ". Researchers suspect
students forgot it because this research was conducted while learning in class is focusing on
other material that is rarely related to rational and irrational inequalities so students become
forgotten. This shows that the students’ learning processes may lack the conceptual
understanding that might have prevented them from forgetting [16].

It is not only in problem number 10, but most students also ignore the rules of the numbers
in the root. As seen in problem number 7 (Figure 9), in answering the inequality solution



vx + 3 < 3 most students make the errors of ignoring the condition that the function in the form
of roots must be greater than zero.

Fig 9. Student H’s answer.

The same thing was done also on problem number 8 (Figure 10). More than 50% of
students did not write the terms of irrational numbersi.e. x —3 >0 and 7 —x > 0.

Fig 10. Student I's answer.

For problem number 8 (Figure 11), most students do not use the number line because based
on the results of the interview, students think there is only one value to solving rational
inequality. Students ignore the conditions of the root numbers. However, the student answers
incorrectly when working on problem number 8 without using a number line. Students calculate
correctly, but at the end of the students answer incorrectly inferring the inequality solution.

Fig. 11. Student J’s answer.

4  Conclusions

There are two types of students‘ answers to solving rational and irrational inequality. That
is students who use the number line and without number line. There are six categories of student
errors when looking for rational and irrational inequalities* solutions i.e. students solve rational
inequality problems like an equation problems, students look for zero makers in numerators and
denominators of rational inequality with the inequalities following the problem, students make
errors arose from problems with factorization, students make errors in applying the property of
distribution, ignoring irrational inequality rules. students ignore irrational inequality rules and



students misinterpret the signs of inequality into the number line From the students' answers
above, we concludes that the use of number lines is enough to help students in solving rational
and irrational inequality if students understand the rules of rational and irrational inequalities
and able to interpret the sign of inequalities on the number line.
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