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Pedagogical aspects of Learning about Fractions 
 

Dr. Roohi Fatima
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Introduction 

When students learn a mathematics-related subject incompletely or incorrectly, they 

experience problems and these problems are reflected in their future education lives, 

and if these issues are not overcome, incomplete or incorrect learnings turn into 

alternate concepts. A misconception is ‘a product of incomplete comprehension, and in 

most cases, it is an incorrect application of a rule or a mathematical generalization.’The 

best clues to understand whether something is a misconception or only a mistake are 

the frequency and consistency of the mistake (Spooner, 2002). It is understood that the 

underlying reasons for misconceptions are not having learned concept knowledge and 

mathematical operation knowledge to an extent that they would complement each 

other, students’ inability to acquire knowledge and skills related to problem-solving to 

the required degree, and shortcomings of students such as using the incorrect rules and 

performing operations carelessly. Misconceptions lead students to develop negative 

attitudes towards mathematics  

Fractions occupy a significant place in the curriculum of mathematicsat the primary level 

or we can say that concept of fractions is among the most important concepts children 

experience during their pre-secondary school years. But it has been observed that when 

primary class students are asked, which topic they find most difficult, their answer is 

almost always – fraction. As a teacher educator, the author gets a chance to peep into 

the minds of elementary school children during the school internship programme of 

Diploma in Elementary Education. She observed that these students have many 

misconceptions related to the concept of fractions. This observation is backed by Brown 

(2013),in his study, he also indicated fractions as problematic, in the sense that students 

grasp the fraction as a symbol with the procedures and algorithms attached to it. May 

this be the reason why elementary school children find rational numbers so difficult. 

Moreover, the National Assessment of Education Progress (NAEP) conducted in 1972-73 
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and again in 1977-78 (Carpenter, et al.,) suggests that children seem to be learning 

many mathematical skills at the level of rote memorization and do not understand 

underlying concepts. This further, points to the fact that fraction concepts are difficult 

for students to grasp and they often go through school mathematics without an 

adequate understanding and facility in dealing with fractions.Fractions form the basis of 

many later mathematical topics such as ratio and proportion, decimals and rational 

numbers. Fractions and rational numbers play a central role in the learning of advanced 

mathematics, so having a problem understanding fractions can bring about issues later 

in the learning process, which makes fractions a particularly important topic for the 

learning of mathematics.  

Analysis of Fraction Numbers: 

If we analyse the concept of fractions, we find that it has many interpretations such as; 

i. Part-Whole Interpretations  

ii. Fractions as Ratios  

iii. Fractions as Indicated Divisions 

 

i. Part-Whole Interpretations: 

The Part-Whole Interpretations depends on the ability to partition either an object (a 

continuous quantity) or a set of discrete objects into equal sized subparts or sets. In an 

object, the equal sized subpart is as per the length, area, or volume of that object. In 

this case, one single object should be seen as a whole, of which a fraction is a part, such 

as a chapatti, a sheet of paper, or a cutout in the shape of a circle or a rectangle or even 

a triangle etc. When the whole consists of more than one object – a dozen orange or 

banana, 12 one-rupee coins, 8 pencils, or 6 candies etc., then this whole is referred to as 

being discrete as it is made up of several discrete objects. 

If we go through our school curriculum, we find that the part-whole interpretation is 

introduced in class 4 where the children have some primitive understanding of the 

meaning of half and the basic partitioning process. They can divide a chapati in two 

parts but not necessary in equal parts. Students normally explore and extend their 

understanding about fraction through the eighth grade and later in the school years, 

these understandings are applied in elementary algebra. Many students’ difficulties in 

algebra can be traced back to an incomplete understanding of the fraction concepts. 

If we see the pedagogy in case of fractions, we find that to represent fractions, the most 

commonly used models are geometric regions, sets of discrete objects, and the number 

line e.g., 
1

2
 could be represented using a geometric region, a set of discrete objects or 

with a number line as shown in the figure (a), (b) and (c) respectively.  
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An important foundation for comprehending the concept of rational numbers is the 

part-whole interpretation. It can be used to show the relationship between unit 

fractions and non-unit fractions. For example, the fraction 
2

3
(a non-unit fraction from a 

part-whole perspective, can be easily seen as comprising two one-thirds as shown in the 

following figures; 

 

The unit and non-unit fraction’s association also seems to make the transition 

particularly from fractions of a size less than or equal to one, to those of a size greater 

than one. For example, 
4

3
 becomes 

1

3
+ 
1

3
+ 
1

3
+ 
1

3
, or one whole and 

1

3
 i.e., 1

1

3
. 

ii. Fractions as Ratios:  

Another interpretation of fractional numbers is the fraction as ratios. Fractions as ratios 

conveys the notion of relative magnitude. When two ratios are equal, they are said to 

be in proportion to one another. According to Behr & Post, (1992), the use of 

proportions proves to be a very powerful problem-solving tool in a variety of physical 

situation and problem settings that require comparisons of magnitudes. For example, if 

we divide a pizza or a rectangular chocolate bar into two pieces in the ratio 5:3, it 

implies that the bigger piece is five-eighths of the whole pizza or bar while the smaller 

piece is three eighths.  

 

                                                   5:3 

iii. Fractions as Indicated Divisions:  

The symbol  
𝑥

𝑦
is used to represent a rational number or even a fractional number. But it 

refersdifferent meaning in different interpretations e.g., in the part-whole interpretation 

of rational numbers, this symbol 
𝑥

𝑦
 usually refers to a part of a single quantity. Whereas, 

in the ratio interpretation of rational numbers, this symbol 
𝑥

𝑦
 refers to a relationship 
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between two quantities. Moreover, the same symbol 
𝑥

𝑦
 may also be used to refer to the 

operation of division i.e., 
𝑥

𝑦
 is sometimes a more concise way of writing xy. This is the 

indicated division (or indicated quotient) interpretation of rational numbers. The 

important in the quotient interpretation is that of partitioning. For example, the problem of 

dividing four pizza equally among five children can be solved by cutting (partitioning) each of 

the four pizza into five equivalent parts, as shown in the following; 

Need for the study 

The author is a teacher educator, she gets a chance to peep into the minds of 

elementary school children during the school internship programme of Diploma in 

Elementary Education. She observed that these students have many misconceptions 

related to the concept of fractions. This observation is backed by the results of National 

Achievement Survey – Cycle IV (2017) conducted by Educational Survey Division of 

NCERT. This survey was conducted keeping the Learning Outcomes in focus and it was 

found that the learning outcome, ‘Identifies and forms equivalent fraction of a given 

fraction’ of class V and ‘Interprets the division and multiplication of fractions’ at class 8 

were the least achieved learning outcome across the country.The lack of understanding 

of fractions may lead to problems that faced by elementary school children in learning 

of rational numbers. We know that fractions are the base of rational numbers and both 

of them i.e., fractions and rational numbers play a central role in the learning of 

advanced mathematics. That is why it is necessary to study the misconceptions related 

to learning fractions. For this, the author conducted astudy to see the misconceptions in 

learning of fractions. The focus of this study was to understand some basic questions 

related to the concept of fractions i.e., the key research questions, which this study aims 

to reflect upon, are; 

1. Why are fractions problematic for students to learn and for teachers to teach? 

2. Why students have misconceptions about fractions and what are they? 

3. What are the common pedagogical approaches adopted by teachers with regard 

to teaching the topic fractions? 
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Objectives of the Study 

The following are the objectives of the present study: 

1. To study the important components in developing the basic concepts of 

fractions. 

2. To study the misconceptions of elementary school students about fractions. 

3. To study the common pedagogical approaches adopted by teachers with regard 

to teaching the topic fractions. 

Methodology 

For the present study, the researcher has adopted a qualitative research approach to 

find out the answers of the research questions or to achieve the objectives of the study. 

For this, first she analyse the whole concept of fractions in search of important 

components of developing the basic concept of fractions. Then she analyse the 

classwork and homework notebooks of students of Class V and of class VIII to gauge the 

misconceptions about fractions followed by a semi-structured interview of some 

students. Finally, she conducts a semi-structured interview with teachers of class V 

followed by class observations in search of pedagogical approaches adopted by teachers 

in teaching fractions. The present study was conducted in three phases: 

1. Planning phase 

2. Implementation phase 

3. Analysis phase 

Each of the phases is discussed below in detail. 

1. Planning Phase 

i. Population 

The population in the present study comprised all the student of Class V & VIII who 

studied in Government schools of Delhi. And all the Mathematics teachers of 

government school, who taught Class V. 

ii. Sample of the Study 

The researcher selectsfive Government schools of South Delhi on the opportunistic basis 
as a sample for the study. From there, she analysed 100 notebooks of class V and 50 
notebooks of class VIII and 26 students were selected randomly, for interview to know 
about misconceptions about fractions more deeply and interviewed 10 teachers who 
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teaches different sections of class V in the same schools to know about their pedagogy 
followed by class observations. 

iii. Tools of the Data 

For the present study the researcher used various tools for data collection as relying 
upon single tool does not help the researcher in fulfilling the objective of the study. 
Following tools and techniques were used by researcher for gathering the data; 

a. Analysis of the literature related to concept of fractions. 

b. Analysis of the classwork and homework copies of students of class V and VIII. 

c. Two semi-structured interview schedules were used to gauge the understanding 

of students and teachers about fractions. 

d. Classrooms’ observation. 

 
2. Implementation Phase 

In the implementation phase of this study the following procedure is followed; 

a. The researcher analyse the literature related to fractions (books, articles, 

researches etc.) to find out the important components needed in the 

development of basic concepts of fractions. 

b. The researcher analyse the classwork and homework notebooks of students of 

Class V and of class VIII to gauge their misconceptions about fractions. 

c. The researcher conducts an interview followed by observation with the teachers 

of class V, to know the reasons of failure of understanding of fractions and to 

observe their pedagogy in the teaching of fractions. 

d. The researcher also conducts a semi-structured interview with some students of 

class V, to know the problems and misconceptions in learning of fractions after 

doing the analysis of their note books. 

 

3. Analysis of the Data 

The present study is qualitative in nature and the data was collectedthrough analysis of 
documents, classwork and homework notebooks, interview of the teachers and 
students followed by the observations of classes. So, for analyzing this data, researcher 
divides the content on the basis of objectives; 

Objective 1: To study the important components in developing the basic concepts of 
fractions. 

To achieve this objective researcher analyses the literature related to fractions (books, 
articles, researches etc.) to find out the important components needed in the 
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development of basic concepts of fractions.It gives detailed information about the 
important components of development of concept of fractions. 

Objective 2: To study the misconceptions of elementary school students about 
fractions. 

To achieve this objective, researcher analyzes the data available from the classwork and 

homework notebooks of students of Class V and of class VIII and the interview 

conducted with students of class V. The collected data was analysed to gauge their 

misconceptions about fractions and try to find out that why children have 

misconceptions about fractions and what are they? 

Objective 3: To study the common pedagogical approaches adopted by teachers with 
regard to teaching the topic of fractions. 

This objective analyzes the common pedagogical approaches uses by teachers in 
teaching the topic fractions and it also analyse the reasons of misconceptions about 
fractions, which have been developed in children i.e., why are fractions problematic for 
students to learn and for teachers to teach? 

 

Each of the objectives is analyzed in details with the collected data. This analysis was 
followed by interpretation of data which leads to the findings of the study; 

Findings of the Study 

The objective wise findings of the present study were as follows: 

Objective 1: To study the important components in developing the basic concepts of 
fractions. 

After analysingthe literature related to fractions (books, articles, researches etc.), the 
author comes to the point that partitioningis the basic skill to grasp the concept of 
fraction. According to Behr & Post, (1992), “partitioning or subdividing is a fundamental 
concept underlying children’s understanding of fractions and the concept of a whole 
underlies the concept of fractions”. The whole is considered as a unit, for example when 
we refer to 3/4 of anorange, then the orange is the whole or unit to which 3/4 refers. If 
we speak of 3/4 of a dozen orange, then the set of 12 oranges serves as the unit to 
which 3/4 refers. Thus, we can see that two types of whole have been pointed i.e., 
continuous unit (an orange) and discrete set (a dozen oranges). It becomes important 
that students are provided with experience in which they get the opportunities to 
partition discrete as well as continuous unit. For this, objects such as a sheet of paper 
may be folded initially into two equal parts, later into four equal parts, and then eight; 
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These early experiences with partitioning may be as important to a child’s development 
of concept of fraction as counting is to their development of whole number concept 
(Behr & Post, 1992). The most important factor in partitioning is making the equal parts 
of a whole (continuous unit or discrete set). Students should be exposed to different 
objects of different shapes and sizes, for example, ¼ may be shown as; 

 

 

 

Moreover, for in depth understanding of the concept, a rectangle has been divided into 
four parts in a different way and students could be asked that ‘does each one of the four 
pieces represent ¼ of the whole rectangle? 

 

 

A fraction may be represented in multiple ways by using different partitioning models. 

This leads to flexibility in thinking in learners. For example, ¼ can be represented in 

various ways like; 

 

To give the concepts of fractions, greater than one, the realization that a single shaded 

part represents the fraction part (e.g., ¼ in the above example) is important when the 

idea of fraction greater than one whole(e.g., 5/4) is considered. Now observe the fraction 

4/3 which can be represented as; 
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One must be understood to illustrate that 3/3 equals 1, or one whole unit. This will help 

the child realize that 4 one-third parts will cover more than one whole unit and will 

require the use of a second unit region. 

To give the concept of fraction-order and equivalence,bypaper folding or drawing 

partition lines, children may be scaffold to visualize that 1/3 is greater than 1/4 though 

initially they may understand 1/3 to be less than 1/4 because 3 is less than 4. Through this 

approach, children observe the important relationship between the size of each part and 

the number of parts when two unit- wholes of the same size are partitioned into 3 and 4 

parts respectively.  

 

It shows pictorially the fact that 1/4 is less than 1/3. Further to compare 3/8 and 5/8, it is 

important for a child to understand that, 1/8 is an entity with a specific size and 3/8 is 

three 1/8ths i.e., 3/8 is threeparts of size 1/8, and similarly that 5/8 is fiveparts of 1/8. 

From the figure, the notion that 3/8 is less than 5/8 has a strong conceptual foundation, 

both by the logic of comparing three of something (1/8ths) with five of the same 

something.Understanding of the important relationship between the same size and 

number parts into which a whole is partitioned is very important in determining the 

order of the fractions such as 3/4 and 3/5 i.e., fractions with same numerators.  

Objective 2: To study the misconceptions of elementary school students about 
fractions. 

 

When the child begins the study of fractions, s/he is already equipped with a good 

understanding of whole numbers. In 3/4, both 3 and 4 have meaning. They initially 

understand them in terms of size, both in relative and absolute sense. The child has a 

sense of how big 3 and 4 are, and that 4 is one greater than 3.In a symbol such as 3/4 

there are at least three important things expressed; 
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i. The size of the numerator 3. 

ii. The size of the denominator 4. 

iii. A relation between 3 and 4.There are at least two important relationships 

between 3 and 4; one is additive.This relationship is already known to the child 

i.e.,3 and 1 makes 4 or4–3 is 1.The other is a multiplicative relationship, that is 
3

4
= 3 ×

1

4
 which is essential to understand that 3/4 is a single number, and that 

it has a size. 

By analyzing the data available from the classwork and homework notebooks of 

students of Class V and of class VIII and the interview conducted with students of class V 

as well as the literature analysis the author foundsome of the student's common errors 

in working with fractionswhich may be due to their misconceptions about fractions. It 

was found that during the teaching-learning process, students form many types of 

misconceptions and these misconceptions leads to their committing errors. Some of the 

misconceptions are; 

1. They cannot conceive that pieces constitute the whole and the numerator is a 

piece of the whole, and they cannot realize that both are related. They do not 

recognize a fraction when fractional parts are separated by space e.g., “this is 

not 2/6” 

 

 

2. Mistakes in showing the whole by dividing it into pieces and failure to draw each 

piece identically. They do not recognize a fraction when fractional parts are not 

all the same shape e.g., “This is not ¼” 

 

 

  

3. They confuse fractions and whole numbers by representing the denominator as 

a whole number “This is a third”  
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4. They see the numerator and the denominator in the fraction as separate, and 

they cannot notice that these numbers are related. Creates a fraction where the 

numerator and denominator are representing two separate whole numbers 

“This is ⅓” 

 

 

5. While comparing two fractions, they say the one with larger numbers is greater. 

And also, incorrectly judges that a mixed number is always greater than an 

improper number because of the whole number in front. “1 ⅔ is bigger than 

5/4, because it has 1 whole in front”.  

Objective 3: To study the common pedagogical approaches adopted by teachers with 
regard to teaching the topic fractions. 
 

From all the responses of the participants (10 teachers), their preferred pedagogical 

approaches may be categorized and discussed as follows: 

 Part- whole understanding of fractions. A majority of the participants (8 

teachers) believed that in order to develop a sound understanding of the basic 

fractions like 
1

2
,
1

3
,
1

4
,
3

4
 , etc., students must be made to work with variety of 

materials, objects and visual representations. Also, according to them, students 

should be familiarized with the meaning of these fractions in the context of daily 

life.  

 Comparison of fractions: When introduced to the concept of comparing two 

fractions, initially some students commit errors for example, 
1

3
>

1

2
,
3

8
<

7

8
 . Here 

the student is identifying the greater fraction just looking at the greater 

numerator or denominator but is not looking at the fraction as a single number. 

In the study, most of the participants (7 Teachers) agreed upon the common 

errors committed by students while comparing fractions but very few could 

suggest remedies such as introducing the concept using visual representation of 

the fractions, learning materials, and contextual stories. When asked what could 

be the cause of such errors, they could not give any justified reason, but stated, 

‘students generally do not pay attention at the time of learning’. For example, in 

one notebook, in a question of comparing the fractions ¾ and 4/6, one student 

draws the following figure and answer that 4/6 is greater than ¾. 
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It can be said that almost all teachers were able to identify the misconceptions 

depicted by the researcher through this example. Also, when asked about the 

reasons behind such misconceptions, some of them were able to come up with 

reasons. However, when they were asked to suggest a remedy for overcoming 

such misconceptions, most of them explained the standard algorithm or 

procedure and said that students should be made to undergo sufficient practice 

to avoid such misconceptions. In this example, most participants could identify 

the fact that the student was looking at the unshaded squares of both 

rectangles while comparing the fractions ¾ and 4/6. The participants also 

pointed out that this student may not be aware, that in order to compare 

fractions, the whole' unit should be the same. When asked to suggest a remedy 

they said that the student should be taught the method of making common 

denominator through the LCM method for comparing the two fractions. Only a 

few suggested that students must be taught these concepts using visual 

representation, as this strengthens the learning of equivalence of fractions. 

 Equivalent fractions: The majority of participants (9 teachers) felt that students 

have difficulty in understanding equivalence and in finding the equivalent 

fractions. They felt that students must be taught the procedural method of 

multiplying the numerator and denominator with a common number to get the 

equivalent fraction of a given fraction and they said that they explain the 

procedure several times in the class to enable students to understand the idea. 

Only a small fraction of participants expressed that visual representations 

should be used in explaining the concept of equivalence.   

 Ordering of fractions: Many participants (7 teachers) suggested that the ‘Least 

Common Multiple’ is the most important method for ordering fractions. A few 

(2 teachers) recommended prime factorizations and only a small fraction of 

participants (1 teacher) suggested using estimation methods (such as comparing 

a given set of fractions with ½ or the nearest whole number). Though many 

participants per the LCM method for ordering a given set of fractions, they 

could not justify why the method works. 

 

In conclusion, from the study, we may infer that, most of the participating teachers 

were aware of the common errors and misconceptions that students are prone to while 

learning the topic of fractions. However, it appeared that participants’ procedural 
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knowledge was somewhat superficial as they were unable to delve into the deeper 

conceptual meaning behind the procedure or algorithm or they are not adequately 

equipped to provide remedial solutions. The overall findings suggest that the topic of 

fractions needs to be addressed very thoroughly through content development 

workshops. A greater proportion of time in such workshops should cater to developing 

teachers' knowledge in the topic of fractions and these sessions should be facilitated 

through multiple hands-on resources, discussion on students' misconceptions followed 

by remedial measures and problem solving. 

 

Educational Implications of the Study 

 

This study suggests the following: 

 From the findings it can be seen that some teachers were not confident about 

concepts such as equivalent fractions, comparison of fractions and ordering of 

fractions. The responses given by them were mostly procedure based and 

hardly any teacher suggested alternative methods which highlight mathematical 

thinking processes such as estimation and approximation. It is found that, when 

teachers had deeper and more meaningful conceptual knowledge, they were 

able to suggest alternative methods for obtaining solutions to fraction 

problems. They also had the knowledge of appropriate pedagogical strategies 

for students. This highlights the need to provide the variety of representations 

of the concepts along with alternative methods to teachers in the in-service/ 

pre-service preparation programs.  

 The observation of the classrooms revealed that teachers usually follow 

textbook prescribed methods while teaching their students. When asked to 

suggest a remedy teacher did not come up with many innovative ideas in for 

teaching the basic concepts or for justifying algorithms. Looking at this status, it 

is required that we strengthen good teacher educators and content experts for 

supporting the teachers (both in service and pre service) with resources, 

materials and multiple pedagogic approaches so that new ideas, pedagogical 

innovations can take place in the classroom teaching-learning processes. 

 The observation of the classrooms also revealed that teachers do not prefer the 

use of visual representations of concepts in the form of diagrams, pictures or 

figures example, most of them clearly denied the use of visual representations 

for the teaching of different concepts of fractions because of lack of time in 

completing the syllabus. To tackle this mindset of teachers it is important that 

we provide exposure to visual representations of the fractions and fraction 
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concepts and convince them of their pedagogical benefits in professional 

development programs.  

 Teachers demonstrated a lack of understanding when it came to constructing or 

developing contextual word problems or linking fraction concepts to real-life 

situations. They were not familiar with word problems based on multiplication 

and division problems of fractions. It is very necessary that we provide 

experience to the in-service and pre-service teachers regarding framing and 

developing word-problems, stories, or situations based on arithmetic operations 

on fractions.  

 Professional development programs for pre-service teachers, in-service teachers 

and teacher educators must focus on and in-depth engagement with content as 

well as with pedagogical strategies. These programs should focus on visual 

representations of the concepts and meaning making through a variety of 

diagrams, figures, materials, stories, analogies etc., so that teachers apply these 

in their classroom teaching. Discussions on common misconceptions and errors 

must be taken up so that teachers may be equipped to device remedial 

strategies and reduce the scope of such misconceptions right from the 

beginning.  

 In the classroom, students must be provided with opportunities to form stories, 

word-problems, visual representations based on the fractions and must be 

discussed among the students. Such classrooms exercises help in better 

conceptual knowledge development. 
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