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Abstract 

The aim of the research is to determine 7th grade students’ understandings relating the concept 
of negative integer. For this purpose, a total of 100 7th grade students who were selected 
randomly from 4 middle school in Burdur centre were asked those two questions: “what do 
negative integers mean, where do they use”, “write a problem appropriate for the expression 
of “+3-7=-4”. The research is a qualitative research and the model is general scanning model. 
Descriptive analysis was conducted in analysis of the data. The students’ responses were tried 
to be given directly and presented categorically. The students indicated commonly the 
contexts of “temperature below 0 degree”, altitude below sea level (minus elevation)” and 
“debt” as usage areas of the negative integers. 38% of the students couldn’t give any example 
for usage areas of the negative integers. 22% of the students couldn’t write a problem 
appropriate for the given expression. These students indicated inappropriate context or 
inappropriate problem mathematically. 45% of the students didn’t write any problem. As a 
result, 67% of the students couldn’t write an appropriate problem. 33% of the students could 
write problems that are considered as appropriate. These students used commonly the 
contexts of “dept, dept owed, lose money”. 

Keywords: Education, Mathematics education, Mathematics lessons, Achievement, Affective 
factors. 
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1. Introduction 

The concept of negative number and operations with integers hold some conceptual 
difficulties (Ardahan & Ersoy, 1997; 1998; Altınok, Keşan & Yılmaz, 2005; Bishop, Lamb,  
Philipp, Whitacre, Schappelle & Lewis, 2014; Kinach, 2002; Vlasis, 2001) and these 
difficulties can affect negatively the process of learning some important algebraic concepts 
such as algebraic expressions and equation. Vlasis (2001) indicated that students’ 
misconceptions about integers caused difficulties in algebra. Research shows that negative 
numbers create difficulties for students as they try to make sense of them (Gallardo, 2002; 
Gallardo & Romero, 1999; Peled, Mukhopadhyay & Resnick, 1989). Kinach (2002) observed 
that many preservice teachers hold an instrumentalist view of mathematics, and therefore 
they couldn’t justify the meaning of the procedures. Melemezoğlu (2005) determined that the 
students had difficulties and misconceptions about the subjects of operations, word problems 
and producing a model with integers. Avcu and Durmaz (2011) revealed that the students had 
difficulties about ordering the integers and doing operations with integers. 

Various researches that focused specifically on number and operations conflict in terms of 
what students understand about negative numbers across the grades were conducted (Aze, 
1989; Bishop, Lamb, Phillip, Schapelle, & Whitacre, 2011; Hativa & Cohen, 1995; 
Mukhopadhyay, 1997; Murray, 1985; Peled, Mukhopadhyay & Resnick, 1989; Thompson & 
Dreyfus, 1988; Whitacre et al. 2012a; Wilcox, 2008). Also, many studies have investigated 
the ways that improve students’ understanding of integers. These studies used different 
models which can be categorized mainly in two groups: neutralization model and number line 
model. While the neutralization models use physical objects such as colored chips or tiles to 
represent positive and negative numbers and show the operations by manipulating them, 
number line models represent the operation by the direction of movement along the line and 
the numbers located based on its position and the distance (Lytle, 1994). There have been 
many studies that used neutralization models. While some of these studies used abacus as a 
concrete model for representing operations with integers (Dirks, 1984; Linchevski & 
Williams, 1999), others used algebra tiles to represent positive and negative numbers with 
differently colored squares (Maccini & Ruhl, 2000), models based on collections of 
electromagnetic charges (Battista, 1983) and a helium-filled balloon model (Janvier,1983). 
For the number line model Thompson and Dreyfus (1988) used computer microworld to 
teach integers. Addition to those models, the subject of integers has been dealt with in the real 
life context as well such as temperature, debt, profit, cost and altitude. Bozkurt and Polat 
(2011) stated that the teachers did not use other models or materials except from colored 
chips while teaching the integers. As a reason, they specified that the teachers did not have 
adequate information about the other methods of modelling and real life problems. 

Bishop, Lamb, Philipp, Whitacre and Schappelle (2014) revealed that students had intuitive 
ideas about negative numbers prior to school based instruction. Akyüz, Stephan and Dixon 
(2012) attempted to document and demonstrate the role of an expert middle school 
mathematics teacher in helping students develop meaningful imagery during the instruction 
of the concepts of integers and integer addition and subtraction. The findings revealed that 
various situation-specific and notational images that students developed during the instruction 
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of the integers helped them understand and solve the mathematical problems meaningfully. 
This study demonstrated that imagery could be supported by first designing a learning 
trajectory which includes a supportive context, tools to be used, notations to be developed, 
and learning goals to be achieved.  

Bofferding (2014) tried to detail first graders’ mental models of negative integers and to 
investigate how instruction on the binary and/or unary meanings of the minus sign supports 
or constrains their thinking about negative integers. Students in this study exhibited a range 
of integer understanding that highlights important conceptual changes the first graders had to 
overcome before developing formal mental models. Resnick (1983), Peled et al. (1989) 
concluded that the students relied on a number line mental model to support their thinking 
about negative integers. They found that students either used a Divided Number Line model, 
where students calculate to and from the zero point and interpret the positive and negative 
halves as separate, or a Continuous Number Line model, allowing students to move easily 
between positive and negative numbers. Peled (1991) later expounded that students’ integer 
descriptions are consistent with them having one or two types of mental models: one 
regarding quantities, where negative numbers are considered to be unfavourable amounts, 
such as debts, where the larger the unfavourable amount, the smaller the number and one 
regarding a number line where negative numbers are abstract entities ordered to the left of 
zero, with larger values ordered further to the right. For both mental models, Peled (1991) 
described four levels of understanding: students at the first level of integer knowledge know 
the order of all integers, with larger numbers further to the right on the number line and the 
numerals ordered symmetrically around zero; at the second level, students can add positive 
numbers to any integer; at the third level, students can add or subtract two positive or two 
negative numbers; and at the fourth level, students can add or subtract any two integers. The 
number line model highlights the order of negative numbers compared to positive numbers, 
and number values can be interpreted as distances from zero in opposite directions, providing 
meaning for the unary meaning of the minus sign and directed magnitudes. Fischbein (1977) 
and Freudenthal (1973) agreed that number line models could be helpful for supporting 
integer addition, and the National Council of Teachers of Mathematics (2000) recommends 
students use a number line model to explore numbers less than zero. Further, Hativa and 
Cohen (1995) found that fourth graders could successfully compare integers after completing 
an intervention where they made computations to reach a target integer and received visual 
feedback of their calculations on a number line model. 

Köroğlu and Yeşildere (2004) investigated the effect of the multiple intelligences theory 
based teaching in the unit of whole numbers on learner achievement. As a result, they 
revealed that the students could not recognize the relation and difference the operations of 
addition and subtraction with integers completely; on the other hand, they concluded that the 
method used in the research was effective. In the result of the research by Akyüz (2012), it 
was determined that the middle school students were able to deal with the integer problems in 
the context of profit-loss using the model of vertical number line. Kutluca and Akın (2013) 
prepared some learning activities on the basis of the method of discovering learning using 
four-quadrant algebraic weight scales as concrete material in the instruction of whole 
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numbers unit. As a result of the research, they indicated that the materials were appropriate 
for comparing integers, finding reverse integer according to addition and modelling an 
equality containing integers. Şengül and Dereli (2013) concluded that the instruction of 
integer using cartoons was more effective in terms of achievement and retention than 
traditional learning. 

3. Method 

The aim of the research is to determine 7th grade students’ understandings relating the concept 
of negative integer. For this purpose, a total of 100 7th grade students who were selected 
randomly from 4 middle school from Burdur Province of Turkey were asked those two 
questions: “what do negative integers mean, where do they use”, “write an appropriate 
problem for the expression of +3-7=-4”. The research is a qualitative research and the model 
is general scanning model. Descriptive analysis was conducted in analysis of the data. 

4. Results 

4.1 Results Related the 1st Question 

The students were asked what do negative integers mean and where do they use. The 
responses were presented in Table 1 and Table 2. 

Table 1. Meaning of the negative integers according to the students 

Meaning Frequency 
Minus numbers 34 (43%) 
Numbers that are less than zero 25 (32%) 
Negative situations 6 (8%) 
Loss-making 4 (5%) 
The numbers that are on the left side 
of zero 

3 (4%) 

Harmful numbers 2 (3%) 
Decrease 2 (3%) 
Small numbers 2 (3%) 
Subnormal 1 (1%) 
Total 79(100%)

From the Table 1, it was seen that the students understand generally the negative integers as 
“minus numbers” or “the numbers that are less than zero” from. It was understood from those 
responses that the students gave directly mathematical meaning of the negative integers. A 
few students reflected their subjective understandings. These students attributed some 
meanings such as “harmful numbers”, “decrease” and “subnormal” to negative integers. 21% 
of the students didn’t indicate what they understood related negative numbers. 
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Table 2. The students’ usage areas of negative integers 

Meaning Frequency 
Indicating the temperature below zero 43 (46%) 
Indicating the minus elevation 21 (23%) 
Indicating the situation of debt 12 (13%) 
Indicating the situation of loss 7 (8%) 
Indicating the distance of going back 4 (4%) 
Indicating the expenses 2 (2%) 
Indicating the floors below the ground floor 2 (2%) 
Indicating the dug distance 1 (1%) 
Indicating the contrary situations 1 (1%) 
Total 93 (100%) 

A total of 62 (62%) students were able to give at least one example for usage area of negative 
integers.  Totally 93 examples were given and it was stated commonly that negative integers 
could be used in the context of “temperature”, “minus elevation” and “debt”. 38% of the 
students couldn’t give an example for usage area of negative integers. 

4.2 Results Related the 2nd Question 

The students were asked to write an appropriate problem to the expression “+3-7=-4”. The 
responses were given categorically in terms of suitability. 

4.2.1 Inappropriate problems (22 students) 

Use for the variables that have an absolute zero such as age and amount (9 students) 

• I had 3 Turkish Lira (TL), gave 7 TL of it, how much did it remain? (4 students) 

• I had 3 kg of apple, 7 kg of them fell, how many kg of apple remained? 

• I had 3 balls, 7 of them got lost, and how many did it remain?  

• I have 3 pencils, if I give 7 of them, how many pencils do I have now? 

• Ayşe is 7 years older than Ahmet. When Ayşe was 3, how old was Ahmet? 

• Ali has 3 apples and Ahmet has 7 apples. How many apples does Ali has lesser than 
Ahmet? 

Writing a mathematical problem directly without indicating a problem situation (3 students) 

• It is 3o in Burdur and -7o in Van. What is the total temperature? (2 students) 

• If It is 7 o daytime and 3 o night time then what is temperature difference? 

Writing the expression of question wrongly or not writing (6 students). 

• Temperature increased 3 o then decreased 7 o what is it now? (2 students) 

• I am on the 3rd floor of the earth. I came down -7 floors. Where am I? 
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• I have 3 TL and 7 TL debt (2 students) 

• I have 3 apples, 7 of my friends came and gave 3 apples to them. Which sign can be used 
for the remaining apples? 

Others (4 students) 

• It is 3o in Burdur and -7o in Van. What is temperature difference? 

• I have 7 balls, I lost 3 of them, and how many did it remain?  

• I have 3 apples, my father wants 4 apples, and how many more apples must I bring? 

• I am jumping from 3 meters of altitude into 7 meters of water. What is my depth? 

4.2.2 Appropriate problems (33 students) 

Use for the variables that have not an absolute zero such as altitude and temperature (2 
students) 

• I am over 3 meters of sea, went down 7 meters, where am I? 

• Temperature was 3 o then decreased 7 o what is it now? 

Indicating the value of the variables that can be considered  negative such as debt owed, 
money owed and loss  with the symbol “-“  (31 students) 

• I had 7 TL debts, paid 3 TL of it, how much do I have debt? (9 students) 

• I have 7 TL debt and 3 TL debt owed. How much do I have debt? (5 students) 

• I had 3 TL, did shopping of 7 TL.  How much do I have debt? (4 students) 

• I have 3 TL and 7 TL of debt. How much more must I pay? (-4 means the money to be 
paid) (3 students) 

• I have 3 TL and 7 TL of debt. What is the result? 

• I have 3 credits in my phone, talked 7 credits, how many credits do I have remained? (4 
students) 

• 7 persons were hungry, 3 of them were full, and how many hungry persons are there? (to 
be hungry was qualified as a negative situation and symbolized with “-“. 

• There are 3 kg of apples in grocery, asked 7 kg, he gave 3 kg of it. How many kg of 
apples remained? 

• I bought something for 7 TL and sold for 3 TL. What is my gain or loss situation? 

• I gained 3 TL and lost 7 TL from a deal. What is my gain or loss situation? 

• I gave 7 candies to my friend and got 3 candies. What is my gain or loss situation? 
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5. Conclusion 

The students indicated commonly the contexts of “temperature below 0 degree”, “altitude 
below sea level (minus elevation)” and “debt” as usage areas of the negative integers.  38% 
of the students couldn’t give any example for usage areas of the negative integers. 22% of the 
students couldn’t write a problem appropriate for the given expression. These students 
indicated inappropriate context or inappropriate problem mathematically. 45% of the students 
didn’t write any problem. As a result, 67% of the students couldn’t write an appropriate 
problem. 33% of the students could write problems that are considered as appropriate. These 
students used commonly the contexts of “dept, debt owed, lose money”. In their research, 
Avcu and Durmaz (2011) concluded that only 15% of the 267 sixth and seventh grade 
students were able to pose a problem based on (1) -18: 6= -3 and (2) -26+(-3) = -29. Peled 
and Carraher (2006) revealed that most preservice teachers (9 of 15; 9 of the 12 who gave 
answers) used a money/debt context for the expression, “2 – 7 =  ”. 

School students were found to have difficulties in understanding concept of negative numbers 
(e.g., Janvier, 1983; Hativa & Cohen, 1995). The main sources of these difficulties are 
(quoted in Hativa & Cohen, 1995): (a) the conflict between the practical meaning of 
magnitude or quantity associated with numbers in early arithmetic teaching, and the concept 
of negative numbers (Fischbein, 1987; Hefendehl-Hebeker, 1991); (b) The conflict between 
the two different meanings of the sign “-“ (Janvier, 1985; Carraher, 1990); and (c) The 
absence of a good, intuitive, familiar model which would consistently satisfy all the algebraic 
properties of signed numbers (Glaeser, 1981). Vlassis (2002a, 2004) examined how middle 
school students interpreted negativity and found that eighth-grade students conceptualized 
negativity as a process linked to the binary operation of subtraction. She concluded that the 
different uses of the negative sign are counterintuitive and an obstacle for students. Similarly, 
Gallardo (2002), Gallardo and Romero (1999) stated that researches showed that integers, 
especially negative numbers, created difficulties for students as they tried to make sense of 
them based on their presuppositions about natural numbers and assume that what they knew 
about natural numbers holds for integers. 
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