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Abstract

This study revealed the fractional number sense form associated with daily life and the number sense of 8th-grade
students with high academic success. This study aimed to determine fractional number sense which in eighth
graders with high academic performance. This study has a qualitative patterned. The sample consisted of 20
students from the middle schools in Pazar, the province of Rize. Participation was voluntary. Interviews were
conducted with participants to address their fractional number sense and strategies. The data were collected using
an interview form developed by the researcher. The form consisted of 15 items on number sense components
(computational estimation, operation effect, number magnitude, using a benchmark, and equivalent representation)
related to daily life. The data were analyzed using descriptive content analysis. As result of this study; Very few
participants used number sense. Most participants turned to rule-based solutions to answer the questions. None of
the participants was successful in executing number sense. The fact that the items were related to daily life helped
us reveal fractional number sense.

Keywords: Number Sense, Mathematics, Secondary Math, Fractions, Daily Life Math

1. Introduction
1.1 Introduce the Problem

Today, what matters is not how much one knows and remembers but how one uses one's knowledge. The World
Economic Forum (WEF) (2020) asserts that we must promote creativity to help education keep up with the times.
We need people with versatile thinking skills to develop creativity (Aslan, 2001). According to Skemp (1987), the
purpose of learning is not to remember but to use and shape knowledge. In order to make sense of information,
one must feel it, that is, one must “sense” it. One acquires knowledge by oneself. However, if we want to guide
one for a purpose, we must provide one with environments where one can acquire information. We reason, predict,
and process information in every step of life. Therefore, we can say that math is everywhere. For example, we use
it to calculate a loan interest, credit card statement, inflation rates, tax percentage of a new phone, etc. In some
cases, math is precise. However, in some others, we need to sense it, just like an experienced cook sensing how
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much milk to add to half a kilogram of flour to get a dough as thick as an earlobe. Math is abstract. However, a
group of researchers in the USA suggested that math can be sensed (Howden, 1989). Based on students
establishing relationships between numbers, interpreting the magnitude of numbers, and discovering shortcuts and
methods instead of routine operations, they stated that we could sense numbers and feel them and use them flexibly.
Neurologists and educational scientists have defined it differently and sought answers to questions like how to
measure it and what its components are. Howden (1989) defines number sense as having a good intuition about
numbers and numerical relationships but does not mention its components. Greeno (1991) approaches number
sense from a psychological point of view and classifies it as flexible mental computation, computational
estimation, quantitative judgment, and inference. Mclntosh et al. (1992) emphasize that number sense should be
examined in sub-headings and classify them in the most detailed way. Their classification consists of three main
headings: (1) knowledge of and facility with numbers, (2) knowledge of and facility with operations, and (3)
applying knowledge of and facility with numbers and operations to computational settings. The main headings
included 11 subheadings. Sowder and Schappelle (1994) and Markovits and Sowder (1994) collect number sense
components in two groups: understanding numbers and rethinking as operations.

1.2 Explore Importance of the Problem

According to them, number sense is based on practicality and flexibility, and it is sufficient to specify it as such.
Reys et al. (1992) proceed by grouping the classification made by Mclntosh et al. into six components:
understanding the meaning of size and numbers, understanding and use of equivalent forms and representation of
numbers, understanding the meaning and effect of operations, understanding the use of equivalent expressions and
computing and counting strategies, and benchmarks. The National Council of Teachers of Mathematics (NCTM)
published a report titled “Curriculum and Assessment Standards for School Mathematics” and explained that
students with high number sense were good at understanding the meaning of numbers, developing multiple
relationships between numbers, noticing the magnitude of numbers, seeing the effect of operations on numbers,
and developing benchmarks (reference) for the measurement of surrounding situations. Based on these definitions,
students with high number sense:

Know numbers and the relationships between them and use them.

Know the operations and the relationships between them and use them.

Consider circumstances and use strategies to make calculations.

Develop and use strategies.

Check data and results and interpret their accuracy.

Make operations, measurements, and state expressions using some numbers as benchmarks, and know
the equivalent representations of numbers and use them when necessary.

7. Compare numbers based on relative magnitudes, make logic-based predictions instead of intuitive

AN

guessing, and use mental or written computation or flexible computation when necessary and perform
coherent reasoning.

In light of these features, number sense components were grouped under five headings: equivalent representation,
computational estimation, operation effect, number magnitude, and using benchmarks.

Fraction is one of the subjects that form the basis of math in number sense. However, it has not been addressed in
detail. Fractions form the basis of math concepts (percentage, ratio, measurement, etc.) that we encounter in daily
life. It is one of the most challenging subjects for students to learn (Yazgan, 2007). Therefore, the more concrete
expressive experiences that students have in fractions, the higher their conceptual learning (Olkun & Toluk, 2003).
In this sense, teachers who provide learning settings should have enough academic knowledge about the concept
of fractions and should also be competent in revealing and interpreting students' math knowledge. It is essential to
have a solid conceptual knowledge of fractions in preparing, presenting, and measuring this environment. The fact
that teachers can express fractions with appropriate representations for real and concrete situations makes the
concept of fractions meaningful and deepens them (Van De Walle et al., 2012). From this perspective, fractions
are a component of number sense and are a field that requires detailed examination. Sowder and Schappelle (1989)
argue that fractions should be treated separately because they are more complex than other sets of numbers. As a
matter of fact, separate definitions have also been made. For example, it is defined as "fraction sense" (Suh, Moyer
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& Hae-Ja Heo, 2005; McNamara & Shaughnessy, 2015) or "number sense for fractions" (Carpenter, Fennema &
Romberg 1993; Cramer, Behr, Post & Lesh, 1997; Phipps, 2008). However, there is no clear definition. In addition,
Carpenter, Fennema, and Romberg (1993) did not classify components for fractions. They define fractional
number sense as one’s ability to perceive the value of the numerator, denominator, and fraction as a whole, to
show them separately, and to express them together rather than revealing their meanings. They exemplified the
use of flexible numbers between fractions. McNamara and Shaughnessy (2015) define fractional number sense as
knowing fractions' deep and flexible meaning without being tied to a context or question type. Fractions, which
occupy a small place in the concept of large numbers compared to the others, contain so much complexity that a
fifth-grader asks: Why is the result less than 292 when we multiply 29 and 2/9? (Taber, 2002 p. 67; cited in Van
de Walle et al., 2012). If this question were about natural numbers, it would not cause any confusion, but
generalizations about natural numbers make it difficult for students to understand fractions. When it is associated
with a concrete or real-life situation, students have more conceptual confusion and do not question the information
and use it again (Acar, 2010; Kayhan, 2010; Kocaoglu & Yenilmez, 2010; Siap & Duru, 2004; Yetkin Ozdemir &
Kayhan Altay, 2016). In this sense, it is important to determine fractional number sense. The secondary education
math (Ministry of National Education, 2018) program pays attention to meaning and estimation skills but does not
refer to number sense, which is accepted as a basic practice in learning mathematics by NCTM (1989). Insufficient
use of the concept of 'number sense' in the curriculum may cause a slowdown in its improvement. According to
some researchers, the level and development of number sense are low because curricula do not address it
adequately (Harg, 2010; iymen, 2012; Yang, Li & Lin, 2007). We must first provide students with the right
environments and measurement tools to help them sense numbers, which may facilitate the introduction of number
sense. Revealing the 'number sense' ability in a subject associated with daily life and examining their transferability
to life situations will contribute to the literature, educators, teachers, and preservice teachers. Therefore, this study
focused on the fractional sense, which forms a basis of many subjects (decimal numbers, percentage, measurement,
ratio, etc.) in math curricula (Streefland, 1991).

1.4 State Hypotheses and Their Correspondence to Research Design

Researchers analyzed the initial knowledge of students in terms of mathematical self-esteem. Based on the
description above, the problem formulation in this study is as follows:

1. The main research question is as follows:
2.  What is the level of eighth graders’ fractional number sense?
3. The sub questions are as follows:
1. What is the eighth graders' fractional number sense level in terms of components?
4. 2. What number sense components do eighth graders have?

2. Method

This case study adopted a qualitative research design to determine eighth graders’ who has high academic
performance fractional number sense. Data were collected using a fractional number sense semi-structured
interview form developed by the researchers. The data were analyzed using qualitative descriptive analysis. The
results are based on the assumption that all participants answered the interview questions candidly and honestly.

2.1 Participant (Subject) Characteristics

The sample consisted of 20 students (11 girls and 9 boys) from the middle schools in Pazar, Rize. All participants
had a math grade of 4 or 5 and a TEOG (transition from primary to secondary education) score of 380 to 500 in
the spring semester of the 2014-2015 academic year.

2.2 Measures and Covariates

First, a literature review was conducted. Studies on number sense, fractional number sense, and number sense

components were evaluated. The definitions and questions about the components in earlier studies were examined
in terms of common and different aspects. Tests on number sense, interview questions, and interview questions
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including routine and non-routine problems were evaluated (Jordan, Glutting & Ramineni, 2009; Markovits &
Pang, 2007; MclIntosh et al., 1992; Reys & Yang, 1998; Singh, 2009; Yang, Li & Lin, 2007; Zanzali &
Ghazali, 1999). Studies focus on rational numbers, integers, fractions, and the relationships between these numbers,
but there is no measurement tool for only fractional number sense. Since fractional number sense includes flexible
use of fractions and practical solutions, the dimension of associating with daily life was also taken into
consideration. A pool of 30 questions about fractional number sense associated with daily life was developed by
modeling the number sense test questions. Textbooks, TIMSS (Trends in International Mathematics and Science
Study) math questions, and PISA (Programme for International Student Assessment) math questions were
reviewed. However, the questions were about different math topics, and the situations in those questions were not
related to the daily life of the sample either. The interview form included the problem situation, real-life pictures
suitable for the content of the questions (n=22), three options to help participants express their ideas, and an "other"
option to allow them to express their thoughts freely. Experts were consulted to check the validity of the interview
questions. Three academics with Ph.D. degrees, one expert in measurement, and eight primary school math
teachers, one of whom had a master’s degree, checked the interview questions. The experts were asked to rate the
questions on a scale of 1 to 5 to indicate whether they represented the number sense components. They were asked
to explain their rating and specify which components the questions were associated with. They were also provided
with explanation parts to express their views of the wording of the questions. The questions were revised based on
expert feedback. Afterward, a pilot study was conducted. Seven questions were removed from the form because
the pilot study participants found them too long and tiring and irrelevant to the daily-life situations. Another pilot
study was conducted after the necessary revisions were made to the questions.

Table 1: The Characteristics of the Interview Questions

Question Number Sense Achievements

1 Equivalent Representation Making sense of a fraction

2 Equivalent Representation Displaying on the numerical axis
3 Computational Estimation Sorting fractions

4 Operation effect Division

5 Equivalent Representation Simplification and expansion

6 Number magnitude Sorting fractions

7 Computational estimation Displaying on the numerical axis
8 Operation effect Multiplication

9 Number magnitude Sorting fractions

10 Using a benchmark Addition and subtraction

11 Using a benchmark Making sense of a fraction

12 Computational estimation Addition and subtraction

13 Number magnitude Sorting fractions

14 Using a benchmark Addition and subtraction

15 Operation effect Making sense of a fraction

2.3 Data Analysis

The data were collected through interviews. Participants’ responses to the interview questions were videotaped.
One participant did not want to be videotaped. This request was complied with for ethical considerations. The data
were analyzed using qualitative methods. All interviews were transcribed. Descriptive analysis, a qualitative
analysis approach, was used to group the methods used by the participants in their statements (Y1ildirim & Simsek,
2008). The answers of the participants who used and did not use number sense were analyzed in detail.
Participants’ statements were collected under two groups: “related to number sense” and “rule-based solution.”
The statements not related to these two groups were collected under “other”” and then grouped as “true” and “false.”
The data were analyzed using descriptive analysis. Two people (one is an author of this paper, and the other is an
experienced researcher who has a Ph.D. in classroom teaching and took courses on qualitative research in data
analysis and conducted research based on this method) examined the data and coded them separately. They
analyzed the codes together and discussed them until they reached a consensus. The codes were grouped under
themes, which were then presented together with quotes.
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3. Results

The research data described include the mean, standard deviation, minimum and maximum values. The division
of data categories uses the normative reference approach. This section addressed the results regarding the five
number sense components:

Participant 9 answered the question regarding the "computational estimation" correctly and used the statement "in
infinitely different ways:"

P9: Well, it can be done in a couple of different ways. We can make an addition as much as the amount between
those two numbers. There are infinite numbers between two rational numbers. We can add many more numbers.
R: Infinite numbers?

P9: Actually, yes, if you move it little by little, the machine displays different values.

R: What machine?

P9: Considering that a machine adjusts the part to be added there, small amounts can be changed differently.

R: You’re calling it a machine?

P3: I just imagined it being a machine.

The comment “if you move it little by little, the machine displays different values” showed that the P9 was able
to interpret the question without the need for an operation. She may not have felt the need to show the numbers on
the number line. She explained this situation with a pointer next to the expression infinity, which showed that she
used number sense through her daily life situation.

The remarks of Participant 12 about the "operation effect” indicated her number sense:

P12: For example, if it were full, I mean, if it were 1 ml, we would need 20 of it.

R: So?

P12: Yes, well, then it’s more than 20 because it’s less than one whole, I mean the ml of the syringe.
R: What if it’s less than that?

P12: Because it’s less, | mean, the syringe can hold more than 1 ml, so 20 of them don’t make 20 ml.

This response showed that the participant summarized the situation by comparing 3/5 ml to 1 ml. In other words,
he realized that the fractional number was bigger than the whole number.

There was no true statement regarding the component of “number magnitude.” One of the participants gave a
wrong answer to this question:

P6: Well, half a kilo, right? '4?

R: Yes, that’s what we call it.

P6: Half of nine is 4.5. So, it’s half a kilo. Here, it’s a half more, and here it’s a half'less...It’s one and a half more.
R: Which one is close to half?

P6: 4/9, in fact, both are the same, half-half.

R: Why?

P6: Isn’t it half from half?

R: Is that so?

P6: 1 think it is, I think I got this question.

R: Now, you’re telling me that 4/9 and 7/15 are equally far from half.

P6: Exactly, I just couldn’t express it as you did.

Participant 6 took the half as the benchmark and made comparisons, which was an important step for the number
magnitude. However, he made a mistake by stating that different unit fractions were equally far from the same
number. Nevertheless, he could have developed the right strategy if he had not had confusion. The fact that he did
not learn the unit fraction caused this mistake.

Participant 11 gave a response about “using benchmark:”

P11: I thought what I drew, and I said it, I imagined it. They are both small, and one is smaller than the other. I
don't think I needed to draw it.
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14) Which of the following interpretations is correct for a person who has eaten half a sheet of lavash and then
a third of the same sheet of lavash? Why?

A) She ate a whole lavash.

B) She ate less than a whole lavash.

C) She ate more than a whole lavash

D) Other

Figure 1: The Drawing of Participant 11 For the Question

If a student refrains from commenting when he/she has not obtained numerical data, he/she may have difficulty
interpreting a mathematical question other than numerical data. Consequently, this was the easiest question for all
participants. It was also the question the answer of which they based on operations. The participants who regarded
making operations as “making explanations” did not make any statement regarding how they related the situation
to daily life.

The question regarding “equivalent representation” asked the participants to draw the seven-eighth of a loaf of
cornbread and explain it verbally. They were also asked to shade all parts but one. Although all participants gave
answers about the number sense, one-third of them gave wrong answers. Almost all participants made
representations without making any operations or generalizations. However, the participants who made
representations by drawing figures did not pay attention to dividing their figures into equal parts. Below are some
examples of the right representations.

Figure 2. The Drawings Regarding the First Question

As can be seen, some participants made sure that they divided their figures into equal parts and stated that they
would shade all parts but one. Those who made wrong drawings did not pay attention to dividing their figures into
equal parts.

Display 7/8 of the cornbread.

Figure 2: Misrepresentation of the First Question

Each participant was able to turn a fraction into a figure. However, they did not pay attention to dividing their
figures into equal parts. Their responses were about number sense, probably because the question was about the
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representation of a basic fraction. The question asked participants to come up with equivalent drawings, and they
all drew figures. However, they did not pay attention to equal representation. The general state of the dataset can
be summarized in a table as follows:

Figure 3: Fractional Number Sense Components and Data State for the Components

The rule-based answers were more than number sense answers. More than half the number sense answers did not
end up wrong. However, all rule-based answers ended up wrong. Equivalent representation was the most
prominent component. In addition, the rule-based answers were more than the number sense answers. The
accuracy of the answers to number sense was higher in rule-based solutions. The computational estimation was
the second most prominent number sense component. There were more rule-based answers than number sense
answers. All number sense answers were correct, whereas there were more mistakes in rule-based answers. All
number sense answers regarding the "using benchmark" component were correct. However, there were some
mistakes in rule-based solutions. As for the "number magnitude" component, there were more rule-based answers
than number sense answers. In both categories, there were more wrong answers than right ones. As for the
“operation effect” component, all number sense answers were correct. However, there were more rule-based
answers than number sense answers. These results showed that all number sense answers were correct regarding
the "operation effect" component, whereas the rule-based answers led participants to mistakes. Participants
answered the “using benchmark™ component most correctly, whereas they answered the “number magnitude” the
least correctly. They used the most number sense for the “equivalent representation” component, whereas they
used the least number sense for the “number magnitude” component. They used the most result-based solution for
the “number magnitude” component. In general, there were more rule-based answers than number sense answers.
However, the number sense answers were more correct than the rule-based answers. Lastly, almost three in seven
participants did not make any explanation.

The graph below shows which number sense components the participants had.
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Figure 4: Student Number Sense Component Status

All participants had number sense components. Half the participants used number sense and reached the right
solutions. The other students used number sense and reached both right and wrong answers. All participants but
two (P15 and P11) used rule-based solutions and gave wrong answers. None of the participants had more wrong
number sense answers than right answers. However, two participants had more wrong rule-based answers than
right ones. All participants had number sense, albeit little. However, some participants did not have some of the
components. The number sense components participants had been summarized in the table below:

Table 2: Distribution of Students by Components

Number of Components Components Participant

Five components Computational estimation, number P9, P15
magnitude, using a benchmark, equivalent
representation, and operation effect

Four components Computational estimation, number P20
magnitude, using a benchmark, and
equivalent representation

Three components Computational estimation, number P6, P11
magnitude, and equivalent representation
Computational ~ estimation, using a PI18,P19
benchmark, and equivalent representation

Two components Number magnitude and  equivalent P7
representation

Computational estimation and equivalent P3, P5

representation
Operation effect and equivalent P12, P17
representation
One component equivalent representation P1, P2, P4, P§, P10, P13, P14, P16

Two participants had all five components. P20 had four components but did not have the "operation effect"
component. P6, P11, P18, and P19 had three components but not the "operation effect" component. However, P12
and P17 had two components, one of which was the "operation effect." Another interesting finding was that
participants who had one component only had the "equivalent representation" component.

304



Asian Institute of Research Education Quarterly Reviews Vol.5, No.3, 2022

4, Discussion

This study investigated the fractional number sense components in eighth graders. Participants had low
computational estimation. However, their computational estimation level was enough to give the right answers.
They preferred rule-based solutions to mental operations when answering the questions. This is consistent with
the results of the studies that show that students do not prefer practical solution methods when solving problems
(Harg, 2010; Sinnakaudan et al., 2015; Sahin, 2018; Tsau, 2005; Yang et al., 2007). As for the computational
estimation, participants had inadequate number sense probably because students’ study for exams and focus on
reaching the right solutions instead of coming up with practical solutions. In other words, students prepare for
exams, and therefore, they consider the solutions that lead to the right results sufficient instead of developing
different strategies. These results are consistent with the literature (Bayram, 2013; Harg, 2010; fymen, 2010; Yang,
2002). Research also shows that students have inadequate number sense in terms of computational estimation
(Akkaya, 2016; Bayram, 2013; Harg, 2010; fymen, 2010; Yang, 2002).

Participants had a low operation effect. Participants who used number sense got the right answers, whereas those
who used rule-based methods did not get the right answers. Participants who used number sense realized the
meaning of operations and found solutions considering the situations. The daily life situations had a positive effect
on the interpretations. Participants using rule-based methods had both correct and incorrect results. Before
commenting on the situation in which operations can occur in numbers, participants thought that the operations
should be made in written form. They could not interpret the results of the operations. Participants with sufficient
operation effect first tried to understand the situations and then tried to make sense of the operations. However,
they could not reveal exact numerical data. Participants with insufficient operation effect tended to obtain
numerical data, and they found it sufficient to reach correct results. Participants could not comment on the changes
made by the operations on the numbers without numerical data. This can be because learning environments are
lacking in inquiry. Soyuk and Yenilmez (2021) state that representation differences form a basis for interpretation
in the teaching process. Teachers do not come up with different activities because they find them time-consuming.
They prefer different activities to explain topics, but not while solving questions (Celik, 2015; Isik et al., 2011).
Our results are consistent with the literature. Participants used number sense little in terms of the operation effect
component. This result is in line with the studies of Lustgarten and Matney (2019) and Harg (2010), who identified
the operation effect, which is the lowest number sense component.

Participants had inadequate answers in terms of the number magnitude component. However, the data collection
tool had visuals that supported the daily life situation, contributing to the participants' understanding of
multiplicities. However, it did not help with strategy development. This result is consistent with the literature. For
example, [ymen (2012) found that students lacked an understanding of the number magnitude of exponents. Pesen
(2008), on the other hand, determined that students had difficulty understanding the magnitude of fraction
numbers. In this study, the lowest component participants had was the number magnitude. This is probably because
students have never been to learning environments that promote the number magnitude component. However,
Yang, Li, and Lin (2007) reported that students had higher number sense in terms of number magnitude than the
other components, which was in contrast to our result.

As for the "using benchmark" component, participants reached solutions through operations but rarely commented
on the concept of "half." There were more rule-based solutions than number sense answers. Participants were
inadequate in interpreting fraction numbers. This may be because learning environments do not encourage
questioning. The difficulties arise from the teaching of the concept (Arslan, 2016; Hoof et al., 2017; Ivrendi, 2016;
Soylu & Soylu, 2005; Yazgan, 2007; Yilmaz & Yasa, 2008). Participants regarded the operations to obtain rule-
based solutions as explanations and did not interpret the expression. Teachers must have number sense to ensure
that students are critical individuals with number sense for interpretation (Yang, 2002). Participants reached the
most correct results in this component. However, rule-based solutions were more than expected. As for rule-based
correct answers, Yang and Huang (2004) state that reliable and desired answers are not always numerical. They
suggest that different measurement tools should be used to assess mathematical abilities.
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As for the equivalent representation component, almost all participants could make representations without any
operation. However, Pesen (2010) showed that third graders were still drawing mistakes and that those mistakes
persisted until eighth grade. Participants preferred talking to drawing to reveal what they knew. This result
coincides with Celik (2015), who argues that some students and teachers are too lazy to draw models. Although
participants encountered a situation related to daily life, they first turned to operations and explained the results of
their operations. However, the answer with the highest number sense, which is still not sufficient for interpretation,
was obtained in the "equivalent representation" component. In this component, most participants turned to rule-
based solutions. This tendency has also attracted the attention of Ekenstam (1977). This component is where the
answers related to number sense are observed the most. fymen (2012) also found students more successful in the
equivalent representation component related to exponential numbers. However, the use of number sense is still
low. The rule-based answers were more than the number sense answers. The presentation of environments
associated with daily life contributed to the number sense answers. This result coincides with Yazgan (2007), who
maintains that real-life situations contribute to students' questioning. Yazgan (2007) adds that equivalent
representation means revealing the relationships between the skills when they are needed and that people who
cannot perceive these cannot find practical solutions to daily-life problems. The fact that equivalent expressions
were not put forward more may have led students to operations.

Participants had low fractional number sense. High academic performance did not reveal a situation related to the
existence of fractional number sense. While some participants were able to show the fractional number sense in
each component, some could not. In this sense, incomplete concept knowledge might have caused those
participants to show the number sense representation incompletely. The main reason for the challenges of
conceptual learning in fraction teaching is that teachers move on to numerical notation and operations without
making students grasp the important conceptual elements of fractions (Van De Walle, 2012). The amount
represented by the fraction is related to the reference whole, the division into equal parts in fractions, fraction
comparisons, inability to determine the unit in compound fractions, incorrect sums of fractions, and the fact that
they are not related to the effect of multiplication and division by fractions on numbers cause the knowledge of
fractions to be superficial. Therefore, since it is difficult to understand and deepen the concept of fractions, it
becomes challenging to use them flexibly and practically (Van De Walle, 2012). This can explain why students
cannot reveal their fractional number sense because they have not yet mastered and deepened that knowledge.
Students do not have difficulty understanding and applying fractional information, but they cannot use number
sense because they are not encouraged to rearrange and interpret it. Yang (2005) also states that organizing in-
class activities to do and deepen math contributes to the development of number sense.

In conclusion, each student has number sense in terms of at least one component (equivalent representation).
However, this is insufficient. Classroom activities help students deepen conceptual learning and use number sense.
Each material and method used by teachers affects number sense. It is helpful to use components to define number
sense, but each contains superficial and intense questions. Components also have levels. While the equivalent
representation is adequate to express superficial number sense, the operation effect requires intensive number
sense.

Students with high academic performance have low number sense. Therefore, researchers should look into the
effectiveness of education programs in the development of fractional number sense. Insufficient number sense is
associated with learning environments. Therefore, teachers should be provided with in-service training to help
them develop and evaluate fractional number sense to achieve more effective results. Further studies should be
conducted to examine the relationships between number sense components for the leveling result obtained for the
definition of number sense or fractional number sense to help students understand the concept better and what they
need to pay attention to in classroom activities.
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