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Abstract

The purpose of this study was to investigate what common errors and misconceptions about fractions exist
among Saudi Arabian college students. Moreover, the study aimed at investigating the possible explanations for
the existence of such misconceptions among students. A researcher developed mathematical test aimed at
identifying common errors about fractions as well as short interviews, aimed at understanding the thought
process while solving problems on the test, were conducted among a total of 107 (n=107) college students. The
findings suggested that the majority of college students in Saudi Arabia hold common misconceptions about
fractions and mathematical calculations involving fractions, such as thinking that all fractions are always part of
1 and never greater than 1, and using cross multiplication to solve multiplication problems involving fractions.
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1. Introduction

The concept of fractions in mathematics has always been considered a difficult concept to understand by learners.
Most learners have hard time thinking about fractions as numbers. They tend to see it only as a calculation on its
own (division) or as a complex set of two numbers written on top of each other (Weinberg, 2001). That is why
those learners use specific abstract rules to solve problems with fractions without really understanding the
interpretations of these rules.

The reason why people think rational numbers are difficult to understand is most likely because they can be
represented in different ways (parts of a whole, ratios, quotients). Research has shown that the majority of
students find fractions to be too difficult and complex when involved in calculations; they find them difficult to
visualize and to relate to their daily lives.

Mathematical learning is a systematic process that involves building on prior knowledge and mixing different
skills and basic concepts in order to achieve mastery of mathematical calculations and procedures (Ashlock,
2001; Sarwadi & Shahrill, 2014). It is, therefore, essential that teachers emphasize the importance of the basic
concepts of mathematical understanding at early stages of learning, rather than focusing on memorization of
rules and procedures using drill and practice techniques. Students construct their mathematical knowledge and
build on previous knowledge they learn; this means that any misconception they develop as they learn
mathematics might affect their future learning of similar related mathematical concepts (Vamvakoussy &
Vosniadou, 2010), therefore, it is essential that such misconceptions are identified as early as possible in order to
guide students in changing those misconceptions and, hence, allow for future understanding of connected more
complex concepts.

Researchers have investigated mathematical errors and misconceptions and found that students’ mathematical
errors lead to future hindering of their academic success in mathematically related topics (Sarwadi & Shabhrill,
2014). Vamvakoussi and Vosniadou (2010) conducted a study to investigate students’ understanding of decimals,
and concluded that students’ understanding and conceptualization of decimals was robust and that students found
it difficult to make the connection between decimals and fractions.

Because of the importance of learning fractions, and their use in people’s daily lives (i.e. calculating tips for
purchases, discounts, and sharing). The researcher attempts to explore the different misconceptions about
fractions among college students. Moreover, this study attempts to shed light on the reasons that lead students to
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develop such misconceptions of fractions. Finally, the researcher proposes activities and methods that can be
used to allow students to better understand fractions and to reduce the complexity they face when dealing with
calculations involving fractions.

2. Methodology
2.1 Instrument

The researcher formulated a set of mathematical problems and questions, in the form a test, relating to fractions.
The questions on the test were formulated based on previous literature about common misconceptions among
students. The questions were aimed to measure the student’s ability to perform the basic calculations (addition,
subtraction, multiplication, and division) with fractions. The questions also aimed at addressing students’
conceptual understanding of fractions (i.e. drawing visual representations of fractions). Also, to shed some light
on their understanding of certain rules used in fraction calculations, and their perception of the difficulty of
solving problems containing fractions. Some of the questions involved actual calculations, and others were
written questions aimed to discover their general understanding of fractions.

2.2 Participants

The sample for the study included 107 college level students attending a four year university program in the
Kingdom of Saudi Arabia. 77 of the students were male, and 30 were female. All the participants were freshman
and sophomore students who have completed all university CORE mathematics courses, which are introduced
prior to the students’ entrance to their degree programs, including Introductory Algebra, Intermediate Algebra,
Calculus I, and Calculus II. Table 1 shows the distribution of participants in the study per Gender and Year in
college.

Table. 1. Distribution of participants based on Gender and Year in college

Gender/Year Freshman Sophomore
Male 46 31
Female 21 9

2.3 Data Collection

Data collection took place during regular class hours, where students were asked to volunteer in the study by
completing the test and engaging in discussion with the researcher as they submitted their completed tests, the
researcher went through the answers with the participants and asked them clarification questions about their
methods and thinking process they utilized to solve the problems. Data were collected during Spring-2016
semester, and it took approximately two weeks to collect all data from participants. The purpose of the short
interview was to shed more understanding on the students’ thought process as they completed the items on the
test. According to Vamvakoussi and Vosniadou (2010), interviewing students allows researchers to better
understand the process of thinking involved in solving mathematical problems and, consequently, better
identifying what misconceptions students hold, which lead to mathematical errors in solving problems.

3. Results and Discussion

Data analysis after grading the test revealed some common misconceptions among majority of students. Table 2
shows those common misconceptions and errors as well as their percentages among the participants. In the
following sections, all of those common errors are discussed, as well as other common themes that emerged
through the data analysis process.

Table 2. Common errors and misconceptions among college students

Error/Misconception No. of students  Percentage
All fractions are always part of 1, never bigger than 1 88 83%
Multiplication makes numbers bigger, and division makes them smaller 92 87%
Using cross multiplication to solve fraction multiplication problems 60 57%
The larger the denominator the smaller the fraction regardless of nominator 103 98%

“All fractions are always part of 1, never bigger than 1”” (Mcleod & Barbara, 2006).
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Most learners and students have this misconception, and the reason is because students do not view a fraction as
a single number. They see fractions as either two numbers divided by each other, or a complex number written in
a strange format that they are too difficult to conceptualize. When asked about this misconception, the majority
of the students answered that it is true, and only 18 of them realized that it is not true that every fraction is less
than 1.

When a student sees a fraction that is greater than one, he or she does not think of it as a fraction but simply a
division calculation. The students that answered true to the question about what they think about the fraction 6/3
= 2, and how this fraction proves the statement of all fractions being smaller than one wrong, their responses
showed that they did not have a clear understanding of proper and improper fractions.

Multiplication makes numbers bigger, and division makes them smaller:

87% of the participants also agreed with this statement; once the researcher asked them to explain how 6 x 2 =3
fits with their assumption, they explained that they do not include fractions with general questions about
mathematical operations. One of the student said “I only think of whole numbers, NOT fractions.” Another
student said that this is a rule he learned in school, and he did not pay attention to whether it can be generalized
to fractions or not because “fractions are different.”

This obviously indicates that students do not understand that fractions are part of the real numbers. They do not
see fractions as single numbers on the number line; they have an assumption that they are different with special
difficult rules.

To check if students see fractions as numbers on the number line (See Figure 1 for a number line that includes a
fraction). Students were asked how many fractions there are between 2 and %4. Only twelve students answered
infinity, which is the correct answer, and the rest gave answers that varied from one to 10. That reveals either
students’ lack of understanding of the number line itself or that students see fractions as a division problem or a
number too complicated to even be included in the number line, or along with other simpler numbers. This
agrees with the findings of Vamvakoussi and Vosniadou (2010), who found that the majority of participants in
their study were not able to determine how many decimals exist between 0.5 and 0.6. Similarly, Durkin and
Rittle-Johnson (2015) conducted a study on student misconceptions and found that the majority of students are
not able to place a number on the number line.

3-1/20r3.5
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0 1 2 3 4 5 6 7 8 9 10

Figure 1. Number line that shows fractions

Adding and subtracting Fractions:

Most students find addition and subtraction of fractions tricky because of having to find a common denominator.
However, 96% of the participants answered the addition problem correctly. They were able to explain their
answer and demonstrate how they calculated the common denominator first and then calculate the simple
addition or subtraction. Some of the remaining students knew the answer for %2 + % = .75 but were unable to
represent that number in fractions, and wrote it as 7/5.

Also, students who could answer the question could also provide explanatory drawings of their answers (See
Figure 2 for examples of students drawing representations of fraction addition). However, they used the same
“rule” when asked to solve problems that contained fraction division and multiplication; which means that
students memorize the “rules” they are taught about doing fraction calculations and sometimes they confuse
those rules and over time this confusion ends up being a misconception about their basic skills with fractions.
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Figure 2(b). Drawing representations of % +1 Y4

Multiplication and division of fractions:

One of the students interviewed said: “Fractions aren’t hard for me to do but I sometimes have problems
multiplying them.” Many of the students interviewed also agreed that division and multiplication are the hardest
operation to deal with in problems involving fractions. Division of fractions has been described as one of the
most complicated and least understood content domains (Aksu, 1997; Tirosh, 2000). It appears that the reason
for this is that most students memorize the calculations performed on fractions as an abstract set of rules. Thus,
since division is the rule with the most number of “steps” where you need to find the reciprocal of the second
fraction and then multiply it by the first fraction; students find it the hardest to memorize and with time they tend
to forget or get confused about which rule to use with which of the four basic operations.

Researchers believe that another reason why division is difficult for students is that students can only
conceptualize dividing a larger number by a smaller number (Sadi, 2007). Only 43% of the participants solved
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the problem 3/5 + 2/3 correctly, and only 33% of those students could draw a reasonable pictorial representation
of the equation. (See Figure 3 for pictorial representation on fraction division). This also indicates that even the
students that solved the problem correctly did not understand exactly how they solved it. They only remembered
the rules and explained it by saying “that’s how I was taught to do it.”
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Figure 3. Different pictorial representations of 3/5 + 2/3

Another problem students solved incorrectly was the problem about multiplication. When asked to solve the
problem 2/5 x 3/4, the majority of the students cross-multiplied and their answer was 8/15 for this problem. After
the researcher explained the correct answer to them, which would be 6/20, most of them argued that they are
used to utilizing calculators to solve such problems. They also said they were familiar with that rule but they just
forgot it because they rarely used it.

Weak conceptual understanding of the meaning of fraction:

Another question on the test was to arrange a number of fractions in the order from the smallest to the biggest.
The fractions were 4/5, 1/3, 5/4, 4/9, 1/2. Only 2% answered correctly (1/3, 4/9, 1/2, 4/5, 5/4), while 98% of the
students gave very interesting answers that revealed misconceptions about students understanding of the actual
representation of the fraction (the nominators and the denominator). This finding supports other research
findings regarding comparing and ordering fractions, where students were found to have difficulty comparing
fractions correctly (Durkin & Rittle-Johnson, 2015).

The students seemed to think that the larger the denominator is the smaller the fraction is, no matter what the
nominator is (see Figure 4 for example of students’ answers to arranging fractions). The majority of the students
who answered this question wrong had one of two explanations for their mistakes: one was that they believed
that the denominator expressed “how many pieces there are” so the larger it is the smallest the number will be;
One of the students explained this as a pizza slice representation. For example a pizza sliced into 9 pieces, so
each piece is smaller than they would be if the same pizza was sliced into 5 pieces. What the students failed to
see here is that a fraction not only represents the size of those slices of pizza, but also how many of them are
available.

The second explanation was that they simply did not understand this representation of x/y as quantity. They said
that whenever they needed to solve such problems they would use the calculator to find out the answer, which
the researcher found very interesting, because one of the students who actually found the correct answer could
not solve the problem without first converting each one of the fractions into a percentage.
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Another interesting finding among all participants is that all of them with no exceptions took a considerable
amount of time solving the problems in the questionnaire. The reason for that lack of problem solving skill with
fractions is contributed to using calculators because 90% of the students, at one point, asked if they could use a
calculator. They expressed they were uncomfortable trying to find the answers by paper pencil calculations.
When the researcher asked some of them why they needed a calculator, their response was “It’s a fraction
problem.”
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Figure 4. Examples of student’s solutions to the question: Arrange these numbers from smallest to biggest. And
explain why? 4/5, 1/3, 5/4, 4/9, 1/2

One of the student’s interviewed revealed more proof of some students’ lack of understanding of nominators and
denominators. The researcher asked him to represent the fraction 2/5 for verbally and by drawing if possible. He
said that the fraction 2/5 means: “two people sharing five apples”, which clearly indicates he does not understand
the relationship between the nominator and denominator. Which is the basis for understanding what a fraction is
and what it represents (see Figure 5 for false representation of 2/5)?
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Figure 5. False representations of fraction 2/5

In order to understand why students develop misconceptions in fraction calculations, we need to investigate the
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reasons that students find fractions to be complicated and hard to understand. One of the most common reasons
for this lack of ability to understand fractions is that students do not see fractions as real numbers. Hence, they
find it difficult to solve problems that include more than one fraction because, for example, dividing a fraction
by a fraction means that there are three division operations in the same problem. Which, eventually, makes them
grow to dislike solving and dealing with such problems. Ahmed, one of the students interviewed said, “Fractions
are just an annoyance. There is complications that every student finds when trying to solve them. Memory on
how to solve them becomes repressed as one resents them more and more. I forgot how to divide them. Even as a
math major, [ wish they weren’t so common in math courses.”

Because students find fractions complicated, they spend more time trying to memorize the rules for calculations
rather than spending time trying to understand them. This leaves those students with a very thin layer of
knowledge regarding fraction calculations. And any memory loss of one of the rules will result in a
misconception about that rule that might stay uncorrected for a long time, and even through their college years.

Allowing the use of calculators in schools has also added to this problem because students didn’t need to work
harder on fractions they could not understand. All they had to do is just punch in the numbers into the calculator;
gradually this made students more dependent on calculators. And less eager to actually learn how to do the
calculations as long as they can get the final answer, even if sometimes it doesn’t make sense. This means that
children’s conceptual understanding of fractions will be reduced and hence, they will not be able to reach
mathematical proficiency with fractions.

4. Conclusion

The purpose of this study was to explore the common mathematical misconceptions among college students
about fractions. Since research shows that many of the problems students have with fractions are caused by their
lack of understanding of fraction as real numbers, we need to find ways to help introduce fractions to students in
a more simple and comprehendible manner. One approach for this is to start introducing fractions as pictorial and
visual images long before the actual symbolic fraction format is introduced. This will help students gain a deeper
understanding of the “part of whole” concept of fractions.

Another way to help students conceptualize fractions and the four operations is using word problems that would
help support their conceptual understanding of fractions. These word problems should connect their daily life
activities with concepts they would encounter when learning about fractions. Such questions also would help
students understand that division doesn’t always have to make numbers smaller because they will be able to read
division problems relating to their daily lives that do not reduce numbers.

Sharp suggested posing word problems as a means to help student gain better understanding of fractions (2002):

Here I have 2 % cups of orange juice. I take medicine each day and my doctor wants me
to limit the amount of orange juice I drink when I take my medicine. I can have % cups
of orange juice each day with my breakfast. For how many days can I have orange juice?
(Whole number answer)

Although most students in this study chose to represent their fractions with money or pizza’s and thought it to be
the easiest for most other students to understand. We should also consider the cultural differences and varieties.
People have different cultures and different lifestyles. This means that while money might be an easy concept for
middle-class children to relate to, it might be considered to be very hard by children of poor communities. Racial,
gender, and socio-economic status of children need be considered when teachers try to convey fractions to
students using word problems or pictorial representations (Sleeter, 2005). They need to try to address most of the
children’s backgrounds within their examples.

Another issue is that students should not be allowed to use calculators at early grades to calculate fractions. This
will help students learn to rely more on paper and pencil calculations, which will allow a more persistent and
deeper understanding and memorizing of calculation methods with fractions. When students use calculators their
sense of number is reduced. They give complete trust to the calculator and they end up being convinced by false
answers, generated by mistaken finger hits perhaps, yet the students will lose the ability to use any reasoning in
examining their answers. For example: if a student tries to calculate 15/5 and he accidentally hits 5/5 and gets
one for an answer, he wouldn’t use reasoning to see that his answer isn’t correct and that 15/5 cannot be equal to
one. He would just give one as an answer.

Furthermore, it is essential for teachers to understand that students bring a form of informal knowledge, which
they acquire from their outside lives, into school (National Research Council, 2001). Teachers need to be able to
evaluate the amount of the information each student has and the correctness of this information. This knowledge
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should be nurtured and attended to by teachers because it could be the basis for a well-founded understanding of
fractions. An example of this informal knowledge can be the notion of sharing. Children learn to share at a very
young age, and this concept ideally is the basis for understanding fractions.
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