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Abstract 
 
The National Council of Teachers of Mathematics [NCTM] noted that middle and high school students are expected 
to be able to both explain inequalities by using mathematical symbols and understand meanings by interpreting the 
solutions of inequalities. Unfortunately, research has revealed that not only do middle and high school students hold 
misconceptions and have difficulties with inequalities, but college students also possess some of these same 
misconceptions, thus demonstrating difficulties in solving and interpreting inequalities. This research specifically 
focused on mathematics pre-service teachers’ understandings of linear and quadratic inequalities to determine 
whether they possess common misconceptions and difficulties with inequalities. Results provided evidence that 
many pre-service teachers have misconceptions (only one value makes inequality correct, and treating inequality’s 
solution as the same way treating equality’s solution) and difficulties (e.g., lack of understanding what inequalities’ 
questions ask to find, having trouble with representing inequalities’ solutions, and arithmetic errors) that cause them 
to misunderstand inequalities.  
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Introduction 
 

Mathematical inequalities are one of the crucial mathematical topics requiring student understanding of various 
other mathematical topics such as algebra, trigonometry, and analytical geometry. Inequalities also play a critical 
role in developing conceptual understanding of equality and equations because inequalities have been considered 
complementary to students’ equality understanding (Tsamir & Almog, 2001). Recent research has shown that 
students’ understanding of equality and inequality concepts are related to each other by noting equality concepts 
should be aligned with comparison contexts since learning informal equality “the same as” with informal 
inequalities of “greater than” and “less than” helped students’ understanding of relational concepts (NCTM, 2000).  

According to The National Council of Teachers of Mathematics (2000), ninth through twelfth grade students are 
expected to be able to explain inequalities by using mathematical symbols and understand the meaning by 
interpreting the solutions of inequalities. However, various researchers (Almog & Ilany, 2012; Vaiyavutjamai & 
Clements, 2006; Tsamir & Bazzini, 2004) have found that many middle and high school students have 
misconceptions and difficulties that cause them to misunderstand inequalities, and this impairs their ability to 
accurately solve and interpret equations. These misconceptions and difficulties related to students’ mathematical 
inequality understanding will be discussed later in the paper. More recently, Ellortan and Clements (2011) 
investigated elementary linear and quadratic equations and the inequality knowledge of 328 U.S. pre-service 
teachers, noting that many of the concepts these teachers held about inequalities were incorrect due to same reasons 
why students possess, even though they assumed otherwise. Blanco and Garrote (2007) conducted a study with first-
year college students in Spain, and their findings showed that not only many middle and high school students 
possess misconceptions and difficulties about inequalities, but first year college students also possess these 
misconceptions in solving and interpreting inequalities and equations. Therefore, unless students have a mastery of 
inequalities, they cannot grasp the meaning of equality even if they are capable of solving equality questions. 
Although there is much research about students’ understandings of the concepts surrounding equality, not enough 
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attention has been placed on students’ understanding of inequality concepts thus far (Tsamir & Almog, 2001; 
Verikios & Farmaki, 2010).  

After reviewing many studies about students’ understanding of linear and quadratic inequalities, two inequalities 
misconceptions students possess have found common. First, students regard inequalities as equations. In this regard, 
Vaiyavutjamai and Clements (2006) conducted a study with 231 ninth-grade students. They found that the number 
of students treated inequalities questions as equations. Second most common misconception students possess is the 
interpretation of solution sets (Blanco & Garrote, 2007; Halmaghi, 2011; Kroll, 1986; Vaiyavutjamai & Clements, 
2006). For instance, Blanco and Garrote (2007) studied 91 students in their first year of college after receiving 
instruction about inequalities. They found that students had difficulty understanding which values made inequalities 
true and which did not. These students either thought that only one value made an inequality true, or an inequality’s 
result needed to be an inequality. Tsamir and Bazzini (2004) administered a questionnaire to 148 high school 
students in a high-level algebra course, and 21 of them were interviewed regarding their answers. Interviews 
revealed that students believed inequalities’ solutions cannot be equations, but must also be an inequality. 

 

Generalization of equations to inequalities 
 

Students apply previous knowledge to a new topic before they have sufficient data in hand (Ashlock, 2001). When 
exploring new mathematical topics including inequalities, this over-generalization can be the principal cause of 
students’ mistakes (Fischbein, Deri, Nello & Marino, 1985). When students over-generalize, they may not realize 
that the new topic requires either partially or totally different mathematical processes. For instance, knowing how to 
solve equations can help in solving inequalities; however, students may make mistakes when solving inequalities if 
they apply the same solution processes with equations (Almog & Ilany, 2012). In this regard, Kroll (1986) found 
that many students overgeneralize one specific equality rule (a x b = 0 requires that at least either a = 0 or b = 0); 
however, the inequality a x b > 0 requires that both a and b have the same sign. In this scenario, many students did 
not realize that the multiplication of two negative numbers yields a positive number or the multiplication of two 
negative numbers should yield an answer greater than zero. For example, Tsamir and Bazzini (2001) demonstrated 
that many high school students’ responses to (y-2)(y+9) > 0 is (y-2) > 0 and (y+9) > 0, but they simply forget the 
case that (y-2) < 0 and (y+9) < 0 also making the inequality true.  

Another common and persistent misconception is expressing inequalities as equalities (Blanco & Garrote, 2007; 
Halmaghi, 2011; Kroll, 1986; Tsamir & Almog, 2001; Vaiyavutjamai & Clements, 2006). Because many students 
think that inequalities and equalities require the same mathematical solution process, they treat problems involving 
inequalities in exactly the same manner as equations, and assume the questions require similar processes (Blanco & 
Garrote, 2007; Vaiyavutjamai & Clements, 2006). Prestege and Perks (2005) conducted a study with prospective 
teachers about their understanding of inequalities and showed that once students treat inequalities as equations and 
solve the equations, they simply put the sign back. For instance, solving the inequality: -65x3 > 0 in the same way as 
solving equation: -65x3 = 0. Then, they arrive at the conclusion that x3= 0, and then x= 0. When they put the sign 
back, many students simply find x > 0 as the solution to the inequality. However, students may simply forget the 
rule that multiplying and dividing by a negative number changes the direction of the inequality, and their solution in 
actuality needed to be x < 0 (Kroll, 1986). 

 

Interpretations of Inequalities 

When students find the solution to inequalities, they do not always possess an understanding of the meaning of their 
solutions (Becarra, Sisrisaengtaksin, & Walker, 1999). Vaiyavutjamai and Clements (2006) noted that students who 
treat inequalities as equations may find the correct answers; however, they are not able to check whether or not they 
are arriving at the correct results. Tsamir and Bazzini (2004) found that students commonly believed “solutions of 
inequalities must be inequalities” (p. 807). Additionally, Vaiyavutjamai and Clements (2006) noted that some 
students think only one value makes an inequality true, and they think solutions to inequalities cannot be an interval 
or infinite sets. Due to these two misinterpretations, students have difficulty interpreting the results of inequalities.  



Overspecializing is another mathematical misconception, in which students inappropriately restrict one special 
feature into other cases (Ashlock, 2001). Tsamir and Bazzini (2004) asked 148 Israeli high-school students about 
their understanding of inequalities, concluding that many students assume that the results of inequalities need to be 
inequalities. However, solutions to inequalities can range from a single value to all of the numbers (Almog & Ilany, 
2012). For example, when x is an integer, and 3 < x < 5, only one value (4) satisfies this statement. This shows the 
result of an inequality as a single number. However, when x is a real number, and 3 < x < 5, x can be infinitely many 
real numbers between 3 and 5. However, Tsamir and Bazzini (2004) found that many high school students thought 
only one value makes inequality true even if their solution set was infinite. Vaiyavutjamai and Clements (2006) 
studied 31 secondary school students’ understanding of linear equations and inequalities and found that even if some 
students found the correct solution to inequalities, they tended to write a single value into the answer sheet. For 
example, for 6x ≥ 6 and x is an integer, even students who find that x ≥ 1 decide  only “1” is the answer to this 
inequality. After the test, Vaiyavutjamai and Clements (2006) conducted interviews with students to obtain insight 
into their process of the solving the equation. Students’ responses during the interview were aligned with the test 
results, demonstrating that students believe only one value makes an inequality true.  

 
 
Major Difficulties 

Blanco and Garrote (2007) concluded there were two primary reasons why many students experience difficulty 
solving inequalities: a) a lack of arithmetic skills or knowledge, and b) the absence of semantic and symbolic 
meanings of inequalities. Other major types of difficulties include: excluded values, the choice of logical 
connections, dividing or multiplying non-positive factors, and connections between the signs of given products and 
the signs of their factors (Tsamir et al., 2004). 

 

Instructional Models Related to Understanding of Inequalities 

Particular teaching methods can help students understand their own difficulties with inequalities. Tsamir and Almog 
(2001) found that students’ understanding of inequality concepts is related to teacher instruction. In a study of 
instructional models and students’ understanding of inequalities, three different teaching methods for inequalities, 
including algebraic manipulations, drawing a graph, and using the number line were employed. Students had the 
highest number of incorrect solutions when they used algebraic solutions.  However, drawing a graph usually 
yielded a correct solution (Tsamir & Almog, 2001). Before engaging in formal solution with inequalities, students 
should have experience working with graphs and tables of values in order to make their learning more 
comprehensive. The function-based approach might have been useful since it enables students to develop their 
problem-solving strategies and visual thinking (Verikios & Farmaki, 2010).  Using appropriate technologies like 
computer software and graphic calculators were found to be beneficial because it helped students avoid 
misconceptions by developing their visual thinking (Abbromovich &Ehrlich, 2007). Furthermore, the use of 
calculator technology can help students develop their visual thinking and provide them with the opportunity to 
interpret inequalities’ results easily and efficiently (Tsamir & Almog, 2001). 

 

Suggestions from Previous Research to Overcome Students’ Inequalities Misconceptions and Difficulties 

Research has suggested different types of strategies in order to overcome these students’ misconceptions and 
difficulties about inequalities. First, students should be encouraged to find examples of inequalities in their daily 
lives to make their learning more meaningful. For example, because inequalities are based on two concepts: 
boundary and direction, a basketball court might be given as an example that includes both boundary and direction 
concepts (Tent, 2000).  Another research study revealed that most students use their memory rather than 
mathematics when trying to solve inequalities. In order to make students’ learning more mathematical rather than 
pure memorization of algorithms, teachers should provide connections to real-life situations and other mathematical 
topics, which students are already familiar with, and arrange some classroom activities or games before introducing 
mathematical signs ( e.g., <, >) (Prestage & Perks, 2005).    



 

Some additional suggestions from Tsamir and Bazzini (2004) for effective teaching and meaningful learning about 
inequalities are listed below: a) Be familiar with students’ intuitive beliefs, b) Create discussions about the 
differences and similarities between equality and inequality, c) Encourage verbal analysis when students work with 
inequalities, d) Encourage students solve questions or problems about inequalities in more than one way to check the 
accuracy of results, and e) Emphasis should be placed on the importance of “zero”. Other suggestions were provided 
by Blanco and Garrote (2007). According to their findings, student should; a) do not introduce the concept of 
inequality rapidly, b) make sure that symbols have semantic values, c) Clearly establish differences between the 
concepts of equality and inequality, d) use everyday life language, geometric language, and algebraic language in 
instruction, and e) use different methods to enrich students learning. 

Purpose of the Study 

 
Although there have been many studies about students’ understanding of the equality concept, there is limited 
research examining students’ understanding of the inequality concept (Tsamir & Almog, 2001; Verikios & Farmaki, 
2010). However, as the previously discussed studies illustrated, many students have difficulties and misconceptions 
about inequality. These difficulties have been found to persist even among first year college students (Blanco & 
Garrote, 2007). The purpose of the present study is to determine whether pre-service teachers have common 
difficulties and misconceptions about linear and quadratic inequalities. 
Research Questions 

1) What are pre-service teachers’ major difficulties with mathematical inequalities? 
2) Do pre-service teachers possess the two common mathematical inequality misconceptions? 
3) What are sophomores, junior, and senior level pre-service teachers’ understanding of 

mathematical inequalities? 
 
 
Method 
 
Quantitative research style was used to conduct the present study. Descriptive analysis is employed to answer 
whether pre-service mathematics teachers possess misconceptions and difficulties in linear and quadratic 
inequalities. By reviewing literature and analyzing students’ open-ended response to inequalities’ questions, two 
common misconceptions (only one value makes inequality correct, and treating inequalities’ questions as equations) 
were focused in the present study. In addition to these two common misconceptions, common difficulties related to 
students’ linear and quadratic inequalities understandings revealed from the literature and investigated in the present 
study. By reviewing the literature, the present study selected and listed appropriate suggestions based on the needs 
of participants to avoid pre-service mathematical misconceptions and difficulties.  
 
Participants 

Participants (N= 57) in the present study were pre-service teachers in the certification program for middle school 
educators at a large southwestern research university. These participants are predominantly traditional college-aged 
students, including 15 sophomores, 31 juniors, and 12 seniors.  

 

Instrument/Procedure 

Two tasks (see Table 1) with inequalities were designed using the National Council Teachers of Mathematics (2000) 
requirements and previous research findings about inequalities. The reasons for selecting these two particular tasks 
were to, a) focus only on the 2 most common misconceptions (e.g., treating inequalities as equations, and regarding 
interpretation of inequalities’ results), b) analyze all of the possible difficulties that these pre-service teachers hold as 
the most common and stubborn misconceptions regarding inequalities and equations, and c) analyze each step of the 
solution by having more insightful answers rather than requiring them to arrive at correct answers by spending time 



with a variety of questions. Participants were required to demonstrate their reasoning and knowledge for each step of 
their solution process. 

Table 1. Two Inequality Tasks 

Item 1 Item 2 

Solve the following inequality. Use the number 
line to show your solution set. 
 
-(x+2)+2x > 2(x-3)+3x 

If (a-1)(a+1) < 0, which of the followings are false? Please 
show each steps of your solution, otherwise your 
response will not be taken into account. 
 
 I) a

2 
< 1 

II) 0 < a < 1, if a is a positive real number. 
III) a >1  
IV) (1/a

2
) < 1 

 V) 0 > a > -1, if a is negative real number. 
 

 

The first task participants were presented with was an open-ended elementary level linear inequality. Participants 
were asked to solve, and represent the inequality solution with a number line.  The second task was presented in a 
multiple choice format with five answer choices, and participants were asked to find the correct choice by 
demonstrating their solution and reasoning behind their selection on the provided space on their paper. Participants 
were required to demonstrate their solution in order to capture all of the possible difficulties and misconceptions that 
they may hold. The first task was evaluated in 5 steps for a total score of 10 with each step awarded 2 possible 
points. These 5 steps are: understanding what the question asks, using correct inequalities’ rules, following correct 
arithmetic procedure, representing inequalities in the number line, and excluding the value that is not in the solution 
system. The second task was scored either 0 or 10, with participants who marked the correct choice receiving a score 
of 10, and participants who marked an incorrect choice receiving a 0. 

 
Results & Discussion 

The main aim of the two tasks was to determine whether pre-service teachers had any misconceptions or difficulties 
with mathematical inequalities. The means and SDs of sophomores, juniors, and seniors are provided in Table 2 and 
Table 3. On the first task, the overall mean score was 7.67 (SD = 3.4). On the second task, the overall mean score 
was 5.35 (SD = 5.03). In other words, while 54% of students marked the correct options, 46% of them either marked 
incorrect options or did not show their reasoning behind their choice in item 2. The results of the major difficulties 
along with teaching/learning strategies from the literature are provided in Table 4, and the two common inequalities 
misconceptions’ results from pre-service teachers are provided in Table 5. 

 

Table 2. Group Means and SDs for Item 1 (Linear Inequality) 

Groups Mean SD 

Sophomore (n = 15) 8.53 3.13 

Junior (n = 31) 7.48 3.28 

Senior (n = 12) 7.08 4.07 

 

 



 

Table 3. Group Means and SDs for Item 2 (Quadratic Inequality) 

Groups Mean SD 

Sophomore (n = 15) 5.33 5.03 

Junior (n = 31) 4.84 5.02 

Senior (n = 12) 6.67 4.92 

Table 4. Pre-service Teachers’ Response to Two Most Common Misconceptions 

Misconceptions  Percentages of 
pre-service 
teachers  
(N=58) 

 
Suggestions  

Regarding inequalities as 
equations 

4 Pre-service teachers can discuss the differences and 
similarities of these two concepts. 

 
Only one value makes an 
inequality true 

 
11 

 
Pre-service teachers engage with various inequalities 
showing their solutions as an empty set, natural 
numbers, real numbers, etc. leading pre-service 
teachers to understand that an inequality solution can 
be any number set including real, complex, and empty. 

 

Table 5. Pre-service Teachers’ Major Difficulties Along with Teaching Strategies for Inequalities 

Major 
Difficulties 

in the 
Present 
Study 

Percentages  
Suggestions from the Literature: Teaching/Learning Strategies  

Absence of 
meanings 

 11 Pre-service teachers can read one inequality more than one way (etc., x>1 
means: x is greater than one, x is not smaller than 1, x is both not smaller 
than 1 and not equal to 1). 

 
Excluded 
values 

 
16 

 
Tent (2000) suggested examples from daily life could be used to illustrate 
these meanings, for example using a basketball court to emphasize the 
boundary and direction of inequality solutions. 

 
Arithmetic 
errors 

 
17 

 
There are many reasons why pre-service teachers have arithmetic errors. To 
reduce arithmetic errors, pre-service teachers can learn some alternative 
ways to be flexible solving inequality problems. One of the arithmetical 
error examples causes students solve inequalities wrongly is given by 
Ellorton and Clements (2011). They showed that students involved in their 
research were not flexible in renaming numbers in equation or inequalities, 
so they struggle with high quantities for a solution. They found 34% of 
their participants did not proceed beyond writing down the following 
inequality “9(x+1) > 9(x-2)” as “x+1 > x-2”.However, this reduction makes 
this equation a lot easier especially in cases with larger quantities. 

 
Inequalities’ 
rules 

 
7 

 
The reason why we change an inequality’s direction when dividing an 
inequality with a negative number can be explained, and discussed in the 
classroom. 



 
Limited 
understanding 
of the number 
system 

 
7 

 
Before working on inequalities, the number system can be briefly 
summarized, so pre-service teachers may be more comfortable interpreting 
their result as inequalities.  
 

 
Lack of 
understanding 
of question 

 
14 

 
Pre-service teachers can work on some test techniques and they can join 
seminars about how to read multiple choice questions in mathematics, so 
they may develop better comprehension skills once they encounter different 
types of questions. 
 

 

This study examined pre-service teachers’ abilities to solve and interpret algebraic inequalities. For Task 1, the 
results indicated that most pre-service teachers from the study did not treat linear inequalities as equations. This led 
us to conclude that the common misconception regarding inequalities as equations might not be transitional from 
their teachers. A number of pre-service teachers in the present study struggled with representing inequalities on a 
number line (see in Figure 1). In this regard, when they found an inequality solution as x>1, some participants 
shaded the opposite side or direction. This shows that pre-service teachers in the present study who are able to solve 
the algebraic linear inequality may have limited geometrical understanding or they may not know how to read the 
inequality symbols. Using visual images through technological tools may help develop these pre-service teachers’ 
understanding of the geometric meaning of inequality solutions.  

Figure 1. Students’ A response to Item 1 

 

Pre-service teachers in the present study also mistakenly added or excluded values in their solutions by drawing a 
closed circle on a number line instead of an open circle. To illustrate, when the pre-service teachers have x>1, they 
added 1 into their solution by drawing a closed circle. This may be a clue that some pre-service teachers lack 
efficient semantic value of mathematical terms such as “greater than” or “greater than equal to”. Rubenstein and 
Thompson (2001) suggested that some mathematical words need to be emphasized by teachers so that students grasp 
both the semantic and symbolic meaning. Tent (2000) shared her mathematics class activities about inequalities, and 
proposed that middle school students should read inequalities in more than one way to increase their semantic and 
symbolic meaning about inequalities. To deal with this difficulty, pre-service teachers can read one inequality more 
than one way (x>1 means: x is greater than one, x is neither smaller than 1 nor equal to 1, x is both not smaller than 1 
and not equal to 1). In light of Rubenstein and Thompson (2001) and Tent (2000) findings, the present study 
suggests the following implications for the pre-service teachers in the present study. When pre-service teachers read 
inequalities in more than one way, they may become more flexible in adjusting inequalities in a way that makes the 
tasks more understandable.  

Participants also made basic arithmetic errors. The most common errors were addition, subtraction, multiplication, 
division, and the distribution property. There are several reasons why students have these basic arithmetic problems 



(Bicer, Capraro, & Capraro, 2013). In task 1, some pre-service teachers arrived the answer as 4 > 4x, but they did 
not simplify the inequality as the correct answer 1 > x, thus they were not able to show their solution on the number 
line. One reason is that many pre-service teachers in the present study are not flexible in renaming numbers in 
equations or inequalities (Ellortan & Clements, 2011), so they struggle with larger quantities for a solution. Ellortan 
and Clements (2011) found that 34% of participants in their research gave up solving inequalities when they had 
large quantities instead of simplifying these quantities (e.g., 9x+18 < 0, they tried to solve this inequality, and they 
either made some arithmetic errors or gave up solving the rest of inequality due to larger quantities. Instead, if they 
had simplified this inequality as x+2 < 0, and found the answer x < -2. This simplification makes this inequality a lot 
easier especially with cases with of larger quantities. Another reason why pre-service teachers in the present study 
made basic arithmetic errors is they did not have an adequate mastery of knowledge about inequality rules tending to 
change direction of inequalities even when they divided inequalities with a positive number as was shown on task 1. 
Conversely, they tended not to change the direction of inequalities when they divided by a negative number. For 
instance, some answered the inequality: -2y > 0 as y > 0 (rather than y < 0) because they forget the rule that 
multiplying or dividing with a negative number changes the direction of an inequality. To overcome this difficulty, 
teachers need to explain and discuss the reason why we change an inequality’s direction when dividing an inequality 
with a negative in the classroom. As one example (see in Figure 2), teachers may use a concept map to understand 
how students’ understanding of inequalities need to change or developed. Understanding the logic of inequalities 
rather than just memorizing the rules should enable students to obtain a more deep understanding of the concepts of 
equality and inequality.  

Figure 2. A Concept Map of Mathematical Inequalities 

 

For task 2, the results showed that some pre-service teachers in the present study had the intuitive belief that only 
one value makes an inequality true. This intuitive belief might be transitional from teachers to students because pre-
service teachers may graduate from college and become teachers, and maintain this intuitive belief, which is then 
communicated to their students. In order to address this intuitive belief, the pre-service teachers should engage with 
various inequality tasks contain a solution that might be an empty set, natural numbers, or the real numbers. This 
should help the pre-service teachers understand that an inequality solution can be any number set including real, 
complex, or empty. The present study suggested that the problem might be also due to some pre-service teachers’ 
limited understanding of the number system, so they may have difficulty interpreting their results. Before working 
on inequalities, the number system can be briefly reviewed and prior knowledge activated, so the pre-service 
teachers may be more comfortable interpreting the inequality results (Bicer, Capraro, & Capraro, 2014).  

Another issue in task 2 was how pre-service teachers in the present study understood what the problem was asking. 
According to Polya (1973), the first step of problem solving is to identify unknowns, thus to understand what the 
problem is asking about unknowns. Because understanding the question in mathematics is considered an integral 
part of the solution, the present study placed an importance on whether the participants understood what task 2 was 
asking them to do.  The task asked which of the statements were false, thus the pre-service teachers were expected to 



find the false statement. However, the results showed that some participants did not understand what the task was 
requiring them to find. Some participants substituted one value for the given inequality (see Figure 3), and once it 
was satisfied, they chose the wrong answer choice. Instead, they were expected to choose the option that did not 
satisfy the inequality. To address this issue, pre-service teachers in the present study can work on testing techniques 
and they can join seminars about how to read multiple choice questions in mathematics, so they may develop better 
comprehension skills when they encounter different types of questions (Bicer, Capraro, & Capraro, 2013; Bicer, 
Capraro, Capraro, 2014). 

Figure 3. Students’ B response to Item 2 

 

Overall, the present study showed not only first year pre-service teachers but also second, third, and fourth year pre–
service teachers possess difficulties and misconceptions with linear and quadratic inequalities. These finding suggest 
that pre-service teacher may graduate from college still holding certain mathematical inequality misconceptions and 
algebraic difficulties. The reason why students may have some of these same common and stubborn misconceptions 
might be because of their teachers. Unfortunately, these misconceptions might be transitional from teachers to their 
students. To avoid this transition, teachers can follow the suggestion as provided in Table 4 and 5. There are two 
limitations of the present study as it used a small sample from one institution. Further qualitative studies needs 
regarding pre-service teachers’ understanding of mathematical inequalities to have more insightful understanding of 
pre-service teachers’ linear and quadratic inequalities difficulties and misconceptions.  

 
References 
 
Almog, N., & Ilany, B. S. (2012). Absolute value inequalities: high school students’ solutions and  misconceptions. 
  Educational Studies Mathematics, 81, 347-364.                                                                                                    
Ashlock, R. B. (2001). Error patterns in computation: Using error patterns to improve instruction. Columbus, 
 OH:PrenticeHall.                                                                                                                                            
Bicer, A., Capraro, R. M., & Capraro, M. M. (2014). Integrating writing into mathematics classroom as one  
  communication factor. The Online Journal of New Horizon in Education, 4(2), 58-67.                                        
Bicer, A., Capraro, R.M, & Capraro, M. M. (2013). Integrating writing into mathematics classroom to increase 
  students’ problem solving skills. International Online Journal of Educational Science, 5(2), 361-369. 
Bicer, A., Capraro, M. M., & Capraro, R. M. (2013). The journey of a middle school student: Explorations of 
  mathematics private tutoring in school life. Sakarya University of Journal of Education, 3(3), 123-136. 
Bicer, A., Navruz, B., Capraro, R. M., & Capraro, M. M. (2014). STEM schools vs. non-STEM schools: Comparing 
  students’ mathematics state based test performance. International Journal of Global Education, 3(3), 8-18. 
Becarra, L., Sirisaengtaksin, O., & Waller, B. (1999). Obstacles to graphically solving equations and 
 inequalities. Primus, 9(2), 107-122.                                                                                                         
Blanco, L. J., & Garrote, M. (2007). Difficulties in learning inequalities in students of the first year of pre-
 university education in Spain. Eurasia Journal of Mathematics, Science & Technology Education, 3(3), 



 221-229.                                                                                                                                                        
Ellortan, N. F., & Clements, M. A. K. (2011). Prospective middle-school mathematics teachers’ knowledge of 
 equations and inequalities. In Early Algebraization (pp. 379-408).  Springer Berlin, Heidelberg.             
Fischbein, E., Deri, M., Nello, M., & Marino, M. (1985). The role of implicit models in solving tasks in  
  multiplication and division. Journal for Research in Mathematics Education, 16, 3-17.                         
Halmaghi, E. (2011). Undergraduate students’ conceptions of inequalities. Doctoral dissertation. Simon Fraser 
 University, Canada.                                                                                                                                    
Kroll, R. (1986). Metacognitive analysis of the difficulties caused by intervening factors in the solution of 
 inequalities. Doctoral dissertation, Georgia State University, Atlanta, GA.                                                               
National Council of Teachers of Mathematics. (2000). Principles and standards for school mathematics. Reston, 
 VA: Author.                                                                                                                                                 
Polya, G. (1973). How to solve it. Princeton, NJ: University Press.                                                                                    
Prestege, S., & Perks, P. (2005). Inequalities and paper hats. Mathematics Teaching, 193, 31-34.                            
Rubenstein, R. N., & Thompson, D. R. (2001) Learning mathematical symbolism: Challenges and instructional 
 strategies. Mathematics Teacher, 94, 265-271.                                                                                                  
Tent, M. W. (2000). Inequalities: Part of every child’s life. Mathematics Teaching in the Middle School, 5(5), 
 292-295.                                                                                                                                                   
Tsamir, P., & Bazzini, L. (2004). Consistencies and inconsistencies in student’s solution to algebraic ‘single-
 value’ inequalities. Mathematics Education Science Technology, 35(6), 793-812.                                     
Tsamir, P., & Almog, N. (2001). Student’s strategies and difficulties: The case of algebraic inequalities. 
 Mathematics Education Science Technology, 32(4), 513-524.                                                        
Vaiyavutjamai, P., & Clements, M. A. (2006). Effects of classroom instruction on student performance on, and 
 understanding of, linear equation and linear inequalities. Mathematical Thinking and Learning, 8(2), 
 113-147.                                                                                                                                                                                      
Verikios, P., & Farmaki, V. (2010). From equation to inequality using a function-based approach. International 
 Journal of Mathematical Education in Science and Technology, 41(4), 515-530. 


