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Abstract This study reports errors and misconceptions
about division operation in fractions made by eighth-grade
students. To investigate these errors and misconceptions,
the study examined students’ understanding of division
operation in fractions using a questionnaire and
expectation table. Students’ misconceptions were
determined for each question and compared with the
expectation table. Common misconceptions of this
research are; misunderstanding of word problems,
incorrectly generalization of learned rules for fractions,
considering numerator and denominator as integer
numbers, not conceptually learning of division operation in
fractions, associating division with addition, subtraction
and multiplication operations. Students made same
misconceptions with the expectation table.
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1. Introduction

Studies in both our country and other countries of the
world have showed that students have some wrong
thinking about the concepts before and after the school.
Contrary to the general acceptance, giving a different
meaning to a concept, misconceptions arise [1].
Misconception is defined as conceptual barriers which are
an obstacle to learning. The student has misleading ideas or
misapplies concepts or algorithms. Mistake is considered
as computational error due to carelessness. In other words,
student understands an algorithm but there is a
computational error due to carelessness. Misconceptions
arise frequently because student is an active participant in
construction of his/her own mathematical knowledge via
reception and interaction of new ideas within students’
extant ideas. Unless a misconception is identified and
ameliorated there is the risk of cognitive conflict and/or
further misconception. In this context, misconceptions are

important factors in the learning process. Difficulties
encountered in learning mathematics begin with arithmetic
and geometry and then increase with first input of algebra.
After teaching the natural numbers in elementary schools,
especially learning and teaching difficulties are rapidly
increasing with the teaching of fractions. Students learn
addition, subtraction, multiplication and division
operations in fractions but in later years they forget how the
processes were made. Students are memorizing formulas
rather than understanding and they are considering
numerator and denominator as two integer numbers [2].
Multiplication and division operations in fractions are
especially difficult for students thus, misconceptions arise.
Students develop ideas such as "Multiplication enlarges;
division reduces” from multiplication and division
operations in natural numbers. This idea prevents
understanding multiplication and division operations in
fractions. For this reason, the meaning of multiplication
and division in fractions must be created by using division
in natural numbers. Appropriate word problems and
models should be used for this purpose. Students should
develop meaning and rules of operations while they are
solving these problems by using the models. Rather than
the "Invert and multiply" rule, the common denominator
algorithm should be utilized. The Common Denominator
algorithm helps interpretation of the division of two
fraction and representation [3].

Procedural and conceptual understandings are both
important in our mathematics curriculum but especially
concepts and their properties in focus. Multiplication and
division concepts in fractions are given for the first time in
the sixth-grade elementary mathematics curriculum. In the
seventh-grade these concepts are given in rational numbers
but not covered by eighth-grade elementary mathematics
curriculum. Studies related to the concepts that have gained
considerable importance in recent years. Another
noteworthy point in studies is that if student’s
misconceptions have not been solved in time, students can
carry this misconception during the life of the education. In
this context, the purpose of this research was to investigate
which misconceptions and errors about division operation
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in fractions were made by eighth-grade students.

2. Method

2.1. Sample Group

This study was conducted at two elementary schools in
the center of Balikesir city. Schools were selected
randomly. 84 eighth-grade students from both schools
participated in this study in academic year of 2017-2018.

2.2. Data Collection Tools

To investigate students’ errors and misconceptions, the
study examined their understanding of division operation
in fractions using a questionnaire and expectation table
consisting of expected misconceptions. Questionnaire

consisting of eight questions was prepared for this research.

The first 5 questions were evaluating the skills of; i
understanding of concepts of mixed numbers and improper

Table 1.
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fractions, ii. dividing into equal parts of a whole, iii. using
visual models, iv. operations of addition, subtraction,
multiplication and division, v. expressing the remainder as
a fraction and vi. giving a realistic solution. The sixth
question as about knowledge and skill of addition,
subtraction, multiplication and division in fractions and
using fraction bar as required. The seventh and the last
questions were about writing word problems modeled by
symbolic division operations. Word problems were
expected to relevant to real life.

In the preparation of expected table, misconceptions
have been identified previously in the literature were taken
into consideration [2, 4, 5,6,7,8,9,10, 11, 12, 13, 14, 15,
16,17, 18, 19].

2.3. Data Analysis

Students’ solutions were taken by questionnaire and
descriptively analyzed. Misconceptions and errors were
determined. Existing misconceptions were compared with
the expectation table in Table 1.

Expectation Table

Literature

1.Misunderstanding of fractions
The misunderstanding of fraction bar
Considering numerator and denominator as integer
numbers
Not visualizing the given fractions
Not considering fractions as part-whole relationship.
Ignoring amount indicated by fractions
The misunderstanding of unit
Different Interpretations for fractions
Part-Whole
Quotient
Ratio
Measure
Operator

2.Not conceptualization of division operation in fractions

Associating division with addition
Associating division with subtraction
Consider division as division of neutral numbers
Changing roles of the divisor and dividend
Divisor or dividend must be an integer number
Dividend is always bigger than divisor
Result must be bigger than 1
Dividend must be bigger than divisor
Results must be integer number
Inability to give a realistic result
Writing a word problem using fractions
Inability to make the appropriate expressions to everyday life in word problems
Misunderstanding of remainder
Inability to express remainder as a fraction
Problems on generalization of rules
Misapplication of “Invert and multiply” rule

Misapplication of “Common denominator” rule

Cultural differences

In English % is read as “three-fourth”, In Turkish % is given with the equality of 3:4 thus % is read as “3 divide by 4”
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3. Findings

Data were analyzed by using expectation table. 62
students solved the first and second question by applying
the “invert and multiply” rule. 9 students associated
division with addition and 11 students associated division
with subtraction. 2 students left the question unanswered.
These findings were parallel to expectation table.
Multiplication and division operations were not
conceptualized, misusage of the “invert and multiply” and
“common denominator” rules, therefore generalizing the
rules incorrectly, misunderstanding of fraction bar were
found.

The fourth question has three sub-questions. 17 students
solved the problem without operations, 6 students gave
realistic solutions and 3 students left the question
unanswered. The first sub question’s result was found as
7 (solution: 7 . 3_ Z§ _Tyor 2lby 23 students. This
3 § 8 83 3 3
result was not realistic. Realistic result was 3 and 35
students solved accurately. The second sub question’s
realistic result was 2 and 58 students solved this question
with dividing 7 by 3, quotient was given as a result or
mixed number’ s integer part was given as a result. The
third question’s result was found as ! (solution: 7 _6 _1)

8 8 8 8
by 14 students who solved the second sub question
accurately. Nevertheless | of pizza rests, ideal result was

8

1 (solution: 1.3 :l) and this result was found by 38

3 88 3

students. In the fourth question, students were expected to
solve by visualizing fractions. But only one student made
visualization. This statement can be explained with

“Misunderstanding of fractions” in table 2. Fractions are

modeled with shapes in mathematics courses since primary
school. Therefore this finding was so interesting.

In the fifth question 40 students found 103 as result,
18

realistic solution was made by 8 students, 4 students solved

accurately without operations and 15 students left the

question unanswered. 193 response showed that “invert

18

and multiply” rule was effectively learned and applied.

Percentage of giving realistic result to the fifth question

increased. Students who gave realistic result to this

question, found the result of 22 o the third question. The
3

fourth and the fifth questions required same solutions but a
few students gave realistic results to the both questions. In
this context students cannot make generalization for these
questions. Only one student made that solution: 3.6=18, so
package was carried by 6 flying.

The sixth question has three sub questions ( 2 :%z ?,

21:3=? and +=7 ). 72 students solved all of the sub

ISP NS

questions accurately, 3 students gave the result without
solving and only one student made no solution to them. The
most accurately answered question was the sixth.
Operational learning was effective on applying of “invert
and multiply” rule. Students were more successful at
solving problems given in a symbolic way. Students, who
gave the accurate result without solving, could make
computations mentally or clear the solutions after finding
the result.

Table 2. Misconceptions And Errors Related To The First Question

Students’ solutions

Misconceptions and errors

%

Not conceptualization of division operation in fractions
Associating division with addition

Associating division with addition

Misunderstanding of addition in fractions

Numerator and denominator are considered as integer numbers
Not conceptualization of division operation in fractions
Associating division with subtraction

Misapplication of “Common denominator” rule

Numerators are considered as integer numbers

Not conceptualization of division operation in fractions
Associating division with subtraction
Misapplication of “Common denominator” rule Error_

Not conceptualization of division operation in fractions
Misapplication of “Common denominator” rule_
Changing improper fraction to integer number

Error
9:3=2)

Not conceptualization of multiplication operation in fractions
Misapplication of “Invert and multiply” rule
Changing mixed number to integer number

37

14

44

17




The last two questions were given in symbolic and
students expected to write word problems appropriate to
symbolic versions. 12 students wrote word problems
accurately to the seventh question, 7 students wrote word
problems accurately to the eighth question.

Only 3 students made the appropriate expressions to
everyday life in word problems, therefore one of them

. L Wl3
whose responses were given for seventh question is “Z of
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be covered by this wire?”’

Table 3. Misconceptions And Errors Related To The Second Question
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my pizza has left in the dinner. I want to eat rest of the pizza
in two days. How much pizza can I eat per day?” and for
the eighth question is, “A square has a side with the length

2
of - cm. The sides will be surrounded by a wire with the

length of 1% cm. According to this, how many sides will

Students’ solutions Misconceptions and errors f %
1 Misapplication of “Invert and multiply” rule
2 45 Mlsunderstand{ng 9f mixed m.un.bers‘ 25 30
15:1==15.1—= > Not conceptualization of multiplication
operation in fractions
2.
5 15 5 Incorrect sembolizations
15:==15.—=—.—=— Misapplication of “Invert and multiply” rule 17 20
3 153 45
3,4,5 T . o
5 17 5 5 Associating division with addition
I-+15=1—  1-+5—=6— Numerator is considered as integer numbers
3 37710 13 JeEr . e 13 15
2 15 17 Misapplication of “Common denominator
1—+—=1—
373 rule
6 Misapplication of “Common denominator”
) le
5 455 15 iy
15:5="5=7=5 Error 11 13
(45:5=15)
7. Associating division with multiplication
Error
5
155 =25 (15x5-75) 8 10
8.
l% 15 75 Changing roles of the divisor and dividend 3 10
535773 ° 25 Associating division with multiplication

Table 4. Misconceptions and Errors Related To the Fifth Question

Students’ solutions Misconceptions and errors f %
1.
17 110 Procedural understanding is in focus
6 6 1031 103 s . L 40 48
3773 T 631 Inability to give a realistic result
11
103 3103 309 Mlsei'ppllcatl(?n of Im{er.t and multiply” rule 7 3
17—=— —— = Inability to give a realistic result
6 1 6 6
3.
1102 102 134 Error N 6 7
=% 63 6 Inability to give a realistic result
4 Error
" 1 _ 102 36 _6 ?ﬁ;ﬁil:h:aﬁ?n of “InI\{er.t and rilultiply” rule 5 6
5 6 RICEET y to give a realistic result
5. Misapplication of “Common denominator” rule
37174 Associating division with addition 5 6
6 6
6.
1 4 Associating division with addition 5 2
17 3 +3=17 5 Considering numerator as an integer number
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Table 5. Misconceptions And Errors Related To The Eighth Question
Students’ solutions Misconceptions and errors f %
1. I gave 1% of my pencils to my brother and 2 of
7 Associating division with addition 21 25
them to my sister. How many pencils did I give?
. 3 .
2. Ali has got lg marbles and Selim has got 2 Inability to make the appropriate
7 expressions to everyday life in word 18 21
marbles. How many times has Ali got marbles of problems
Veli’s marbles?
. Inability to make the appropriate
ions t day life i d
3. 8 of a box is painted. How much is 7 of painted? cxpressions fo everyday fiie tn wor
3 ) problems 14 17
. Misapplying of “invert and multiply”
rule
4. We change mix number to improper fraction. And ® Explaining the solution, procedural 13 16
then we divide the fractions understanding is in focus
5. What is the division of 1% of an apple and Z
of a banana? 7 Misunderstanding of ratio
6. What is the proportion of Merve who has 8 : M}sunderstand}ng of um.t 7 8
5 . Misunderstanding of ratio
. Misunderstanding of unit
marble and Yeliz who has 2 marble?
7
7. Ali has got 1% candies. If Ali gave candiesin o Misunderstanding of fractions
. Inability t ke th iat
group of E candies to all of his friends, how fabiity fo make Hie approprate 6 7
7 expressions to everyday life in word
many friends would Ali have? problems
8. 1% = %, %x% = % . Solving the problem 5 6

4. Discussion

Misconceptions parallel to the statements in the
expectation table have been identified. Common
misconceptions of this research are; misunderstanding of
word problems, incorrectly generalization of learned rules
for fractions, considering numerator and denominator as
integer numbers, not conceptually learning of division
operation in fractions, associating division with addition,
subtraction and multiplication operations. It was found that
understanding of concept of fractions have an important
role in encountering difficulty with division operation in
fractions. The misconception of misunderstanding of
fractions was occurred in findings and this was explained
with fractions’ multifaceted construct [12, 13, 14].

Associating division with addition, subtraction and
multiplication operations could be explained with the result
that students who are accustomed to additive reasoning
may have difficulties in multiplicative reasoning. Behr &
Post[20] and Lamon[14] views the importance of being
aware of the need to shift from additive to multiplicative
thinking. In this study, students carried “the common
denominator” rule to multiplication and division operations
in fractions. As a result, students have memorized the rules
and made incorrect generalization. This situation was
realized in “common denominator” and “invert and
multiply” rules. Division operation is taught with the "2
divided by 3"in Turkey, therefore students are usually

using “invert and multiply” rule instead of taking account
of part-whole relationship. This result was in line with the
study of Toluk[10]. In the solution of first five problems,
using the rule of “invert and multiply” was sufficient only
in first, second and sixth questions. In addition, students
needed to make realistic (according to daily life)
interpretations in third, fourth and fifth questions and have
the ability to express remainder as a fraction but many of
the students did not succeed. Students’ inabilities of
reasoning remainder in division operation in fractions were
also found in many researches [21, 22, 23, 24, 25]. A
remarkable exception in study was that none of the students
made drawings or used concrete models to understand
verbal problems. Cramer and Henry [26] noted that using
concrete models over extended periods of time helps
children to develop mental images for fractions. This
understanding then leads to students being able to perform
fraction operations in meaningful ways. Students should
work with physical models, pictures, realistic contexts, and
verbal descriptions [27].

Especially last two questions were explored in detail.
The students were asked to write word problems that can
be resolved with given mathematical operations. Students
have written problems based on already familiar, common
questions asked in mathematics text books. The most
misconceptions were digitizing of fractions and

misapplying of “invert and multiply” rule. 1% ball cannot

be; instead of this, « 1% of my balls” expression should be
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used. The concept of ratio was not conceptualized,
proportion of an amount of bananas and apples, and
proportion of individuals. This result was in line with the
Eighth-Grade NAEP Results. There was found that a
significant change, the percentage of students who were
able to write a word problem using fractions, was a
decrease in Eighth-Grade NAEP Results [28]. “Writing a
word problem using fractions” misconception was
occurred and although word problems were given in the
first 5 questions, only 3 students had ability to make the
appropriate expressions to everyday life in word problems.
Kerslake [29] warns that learning only the part-whole
model can result in serious limitations on children’s
understanding of fractions.

In line with the findings from the research; students
could interpret mathematics in realistic and everyday life,
they could be aware of what they learned; training
activities lead students to think must be implemented.
Learning areas of concepts and relationships are in the
focus of curriculum. Conceptual approach provides more
time to build the conceptual foundations of math-related
information, so this approach is required to establish
relations between conceptual and operational knowledge
and skills. By taking this way of teaching, students’
misconceptions about division in fractions is expected to be
minimizing. The research highlighted the importance of
using misconceptions as an educational tool.
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