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Abstract:

In this study, the middle school mathematics teachers” knowledge of division of
fractions was investigated through the strategies that they proposed and the problems
that they posed for division of fractions. The data was collected from 22 middle school
mathematics teachers through the task and semi-structured interviews. The data of this
case study was analyzed by content analysis approach. According to the findings, 5
alternative strategies were proposed by 22 teachers to divide fractions. Among these
strategies, the most commonly used was invert and multiply strategy and the least are
converting fractions into decimal and converting to equation. In relation to the
problems that the teachers posed, the findings revealed that more than half of the
teachers could not propose appropriate problems. In other words, the teachers had
difficulty in generating an appropriate story problem to illustrate division of fractions.
These results and implications are discussed and the recommendations are presented in
accordance with the findings of the study.

Keywords: teacher knowledge, subject matter knowledge, division of fractions,
alternative strategies, problem posing

1. Introduction

In the 21st century, there has been great interest in creating mathematically rich and
intellectually challenging environment to immerse students in learning mathematics
(Stein & Lane, 1996; Boaler & Staples, 2008). In order to create such a classroom
environment, it is not enough to provide teachers rich mathematical tasks and several
manipulatives (Stein, Remillard, & Smith, 2007). Rather, it is thought that implementing
mathematically rich and intellectually challenging mathematics instruction requires
drawing upon and managing various resources at the same time, including teacher
beliefs and knowledge, student skills, attitudes and previous knowledge and

i Correspondence: email revhantekin@kku.edu. tr

Copyright © The Author(s). All Rights Reserved.
© 2015 — 2019 Open Access Publishing Group 268


http://oapub.org/edu/index.php/ejes
http://oapub.org/edu/index.php/ejes
http://oapub.org/edu/index.php/ejes
http://www.oapub.org/edu
http://www.oapub.org/edu
http://dx.doi.org/10.5281/zenodo.2620212

Reyhan Tekin Sitrava
THE MIDDLE SCHOOL MATHEMATICS TEACHERS’ SUBJECT MATTER KNOWLEDGE:
THE CONTEXT OF DIVISION OF FRACTIONS

curriculum materials (Cohen, Raudenbush, & Ball, 2003). Among these resources,
teacher knowledge has been stated as an important resource that influences the
outcomes of teaching and students learning (Borko & Putnam, 1996; Mewborn, 2003).
Therefore, the interest in understanding and describing teachers” knowledge continues
in mathematics education society. Researchers have claimed that both the quality of the
mathematics teaching and student learning depends on teachers” knowledge (Ball, Hill,
& Bass, 2005). Because of the importance of teachers’” knowledge on students’
achievement, there is a need for more and in-depth understanding of teachers’
knowledge required for teaching. Accordingly, various frameworks were constructed
as a means to understand the complex construct of the teachers” knowledge.

1.1 Theoretical Framework

Shulman (1986), who is the pioneers of teachers’ knowledge, categorized it into 3
components: subject matter knowledge (SMK), pedagogical content knowledge (PCK)
and curricular knowledge (CK). Shulman’s (1986) SMK involves knowing the facts,
truths and concepts, explaining the reasons for learning these concepts, and relating the
concepts within and without the discipline. The second component, PCK, consists of
knowing “the ways of presenting and formulating the subject that make it comprehensible to
others” and “an understanding of what makes the learning of topics easy or difficult” (p.9).
Lastly, Shulman (1986) defined CK as the knowledge of program developed for the
teaching of particular subjects at a particular level.

Expanding Shulman’s framework, Ball, Thames and Phelps (2008) presented a
framework which is only for mathematical knowledge for teaching. According to Ball
and her colleagues, Shulman’s SMK is composed of Specialized Content Knowledge
(5CK), Common Content Knowledge (CCK) and Horizon Content Knowledge (HCK).
Although SCK is unique to the teaching, CCK is not exclusive to teachers. More
specifically, every adult can have well-developed CCK whether s/he is a mathematics
teacher or not. But, SCK is unique to the teacher who engages in teaching mathematics.
The characteristics of the SCK are representing mathematical ideas, providing
mathematical explanations and procedures with their justifications, and deciding
whether the student’s methods are generalizable to other. Lastly, horizon knowledge is
defined as “an awareness of how mathematical topics are related over the span of mathematics
included in the curriculum” (Ball et al., 2008, p.403). On the other hand, Shulman’s PCK is
identified as knowledge of content and students (KCS), knowledge of content and
teaching (KCT), and knowledge of content and curriculum (KCC). Ball et al. (2008)
stated that KCS is the combination of knowledge of content and knowledge of students,
KCT is the combination of knowledge of content and knowledge of teaching and KCC
is combination of knowledge of content and knowledge of curriculum.

Another framework that is special to mathematics teaching is called as
Knowledge Quartet presented by Rowland, Huckstep and Thwaites (2005). Rowland
and his colleagues defined Knowledge Quartet as “Mathematical Knowledge in
Teaching” instead of “Mathematical Knowledge for Teaching” in order to state the
difference between their model and Ball's model. Foundation, transformation,
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connection and contingency are the categories of Knowledge Quartet. Foundation is
related to teachers’ content knowledge, beliefs about mathematics and the purposes of
mathematics education. They emphasized that teachers do not always present this type
of knowledge during instruction. Knowledge needed to plan teaching and to use during
the instruction is called as transformation. Rowland et al. specified that the teacher who
have this knowledge know the best ways of transferring their knowledge to help the
students learn content meaningfully. The third dimension of Knowledge Quartet is
connection which is related to making connections between the topics and procedures,
and the sequencing of topics of instruction within and between lessons. Last dimension,
contingency, refers to the teachers” in-the-moment decisions about unexpected events.

This study focused on teachers’ subject matter knowledge which was adopted
from Shulman’s framework. More specifically, this study aims to investigate middle
school teachers’ subject matter knowledge through their knowledge of alternative
solution strategies and their knowledge of different representations such as posing
story problems.

1.2 Related Studies on Teachers’ Subject Matter Knowledge

Many researchers focused on the role of teachers’” SMK in students’ mathematics
learning and they emphasized that it is an important determinant of mathematics
teaching and learning (Fennema & Franke, 1992; Hill, Schilling, & Ball, 2004; Tirosh &
Graeber, 1991; Tirosh, 2000). For instance, Even (1990) stated that a teacher who has
adequate content knowledge helps the students achieve a conceptual understanding of
the subject matter. On the other hand, a teacher who has misconceptions and
deficiencies in subject matter is likely to transfer those to their students. As a result of
her study, she resulted in that teachers' knowledge of functions was weak and fragile.
In another study, Huang and Kulm (2012) aimed to explore the knowledge of function
of pre-service middle school mathematics teachers. The researchers concluded that the
pre-service teachers failed to solve quadratic/irrational equations, made mistakes in
solving problems using the integration of algebraic and graphic representations of
functions, and performed poorly in selecting appropriate perspectives and using
representations of the concept of function. Additionally, Ball (1990a) analyzed pre-
service teachers’ understanding of division with fractions and the results showed that
the teachers had a narrow understanding about the topic. The pre-service teachers
applied the invert and multiply rule however they did not know the underlying
reasoning behind the rule. Indeed, the important things for effective teaching are
discussing the meanings of the concepts, making relationships between the concepts
and the procedures, and explaining the concepts to the students with the logic of the
rules rather than applying the rules (Ball, 1990a). Similarly, Ball (1990b) investigated
teachers” knowledge of division. As in her previous study (1990a), the results showed
that although many pre-service teachers could produce correct answers, they could not
explain the underlying principles and meanings of division algorithm.
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In the literature, there are many studies which investigated teachers” subject
matter knowledge of various mathematics (Carrefio, Ribeiro, & Climent, 2013;
Contreras, Batanero, Diaz, & Fernandes, 2011; Even, 1993; Even & Tirosh, 1995; Huang
& Kulm, 2012; Livy & Vale, 2011; Pino-Fan, Godino, Font, & Castro, 2013). The results of
these studies showed that the teachers” subject matter knowledge were not adequate to
teach mathematics efficiently. In order to get more detailed and broader information of
teachers’ subject matter knowledge of mathematics, there is a need to conduct studies
which aims to investigate teachers’ subject matter knowledge from different point of
views. In examining teachers' knowledge of mathematics, one of the critical areas of
inquiry and analysis is the way in which the different representations that they present
to the students. As Ball (1990a) stated, in order to represent the subject in multiple
ways, the teachers need to know alternative solution strategies and generate different
problems that require deeper subject matter knowledge. Also, Lin (2004) and Ticha and
Hospesova (2009) emphasized that teachers’” problem posing ability is one of the
indicators of their knowledge of mathematics. From this point of view, the aim of
current study is to investigate teachers” knowledge by examining the solution strategies
that middle school mathematics teachers proposed to solve the division of fraction and
the problems that the teachers posed. It is important to solve the problems with
different solution strategies and to pose various problems. Since if the teachers are able
to pose different problems and have broader knowledge of alternative solution
strategies, then they reflect this knowledge to their students (Castro-Rodriguez, Pitta-
Pantazi, Rico, & Gomez, 2016; Wahyu, Amin, & Lukito, 2017). In this way, the students
will have knowledge about problems different than the problems presenting in the
textbooks and alternative solution strategies different from the standard strategies.

In order to examine teachers” knowledge of solution strategies and the problems
that they posed in depth, the scope of the study was narrowed down. Division of
fraction was chosen even though there were research studies which investigated
teachers” knowledge of division of fractions. However, these studies did not focus on
the strategies that the teachers proposed different than invert and multiply rule and the
problems that they posed related to division of fraction. Additionally, many research
studies focused on knowledge of pre-service teachers (Ball, 1990a; 1990b; Contreras,
Batanero, Diaz & Fernandes, 2011; Even, 1993; Even & Tirosh, 1995; Huang & Kulm,
2012; Isiksal, 2006; Livy & Vale, 2011) even though pre-service and novice teachers
generally do not have a robust knowledge of mathematics (Magnusson, Krajcik, &
Borko., 1999; Shulman, 1987). In this sense, the practice of experienced teachers would
provide valuable information related to teachers’ knowledge about the alternative
solution strategies and the problems that they posed related to division of fractions.

1.3 Division of Fractions

Division of fractions is one of the most challenging topics for students (Fendel, 1987;
Tirosh, 2000) because of the nature of both division and fraction. Division is the least
understood one among the four operations and the fractions are regarded as the most
complex number (Ma, 1999). NCTM (2000) stated that one of the reasons for this

European Journal of Education Studies - Volume 5 | Issue 12 | 2019 271


http://oapub.org/edu/index.php/ejes

Reyhan Tekin Sitrava
THE MIDDLE SCHOOL MATHEMATICS TEACHERS’ SUBJECT MATTER KNOWLEDGE:
THE CONTEXT OF DIVISION OF FRACTIONS

difficulty might be teaching the division of fractions with invert and multiply strategy
which is the least understood standard algorithm. Also, some researchers claimed that
the teachers’ understanding of division of fractions and the way they teach are the main
reasons for students” difficulty in division of fractions (Ma, 1999; Wahyu et al, 2017). In
this sense, teachers’ subject matter knowledge becomes an important factor to make
division of fraction as the most understood operation. However, the previous studies
concluded that the teachers, like the students, had difficulty in division of fractions. The
teachers could divide the fractions using invert and multiply strategy; however they
could not explain the underlying principles of this strategy (Ball, 1990b; Olanoff, Lo,
and Tobias, 2014). Although some of them knew the reasons for inverting and
multiplying the divisor, they could not explain the reasons to their students
conceptually (Borko et al., 1992). Moreover, Tirosh (2000) stated that the pre-service
teachers did not know any alternative strategies and they thought that dividing
numerators and denominators strategy is not correct to divide fraction. In
contradistinction to these studies, Ma (1999) reported that Chinese teachers had
conceptual understanding and generated alternative solution strategies such as
converting fractions to decimal strategy, distributive law, common denominator, etc. As
a result of her study, Ma emphasized that the teachers should have adequate
knowledge and should be ready to present multiple ways such as different
representations, alternative solution strategies, variety of problems to help students
understand the division of fractions. From this point of view, in order to reveal whether
the middle school teachers have enough knowledge to make the students more
understandable about the division of fractions, the teachers” subject matter knowledge
was examined in the scope of the alternative strategies that they proposed and the
problems that they posed. More specifically, the research questions of the study were as
follows:

1) What are the alternative solution strategies the middle school mathematics

that middle school teachers propose for division of fractions?
2) To what extent are these teachers successful at posing a problem related to
division of fractions?

2. Method

2.1 Design of the Study

The study aims to investigate middle school mathematics teachers’ knowledge of
division of fractions through the alternative strategies that they proposed and the
problems that they posed. More specifically, the aim is to explore the teacher's
knowledge in depth rather than determining the level of teachers” knowledge. For this
reason, case study method, one of the qualitative research approaches, was used to
collect the data since Creswell (2007) stated that the purpose of case studies are to get a
richer and deeper description about the case or cases by examining them within a
bounded system.
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2.2 Participants

The participants were selected through the purposeful sampling method since the
participants were selected from among the people from whom the most knowledge can
be gained, can be accessed easily and with whom the most time can be spent (Merriam,
1998). In this direction, 22 middle school mathematics teachers, whose boundaries were
having at most 10 years teaching experience, were selected as participants. The
pseudonym such as T1, T2,..,T22 were given to each participant instead of using their
real names.

2.3 Data Collection

The data were collected in two stages. In the first stage, a task consisting of 2 questions
prepared by the researcher was applied to all participants. In the first question, middle
school teachers were asked to solve the division of fraction, which is 4/15+2/3, using as
many strategies as they can. In the second question, it was requested the teachers to
pose a problem which can be solved by 4/15+2/3. After applying the task, the semi-
structured interviews were conducted with all teachers to get more in-depth knowledge
about the strategies that they proposed to solve the division algorithm. Also, the
reasons for writing such a problem were explored during the interview.

2.4 Data Analysis

The data was analyzed through content analysis approach which is a method to
categorize the data into similar categories (Strauss and Corbin, 1990). In the first stage of
the data analysis, participants written responses were examined and coded by two
researchers. In the second stage, the transcripts of the semi-structured interviews were
analyzed in order to clarify participants’ responses and get more information about
their knowledge. At the end of both stages, the categories were emerged as a result of
the agreement of both coders. Thus, the inter-rater reliability was also ensured.

3. Results

In this study, the middle school mathematics teachers’ knowledge of division of
fractions was investigated. More specifically, the strategies that the teachers proposed

2

to solve % +§ and the problems that the teachers posed which can be solved by 14—5 + 3
were examined to reveal teachers” knowledge of division of fractions.

3.1 The Alternative Strategies of Middle School Teachers for the Division of Fraction
During the data collection process, it was asked middle school teachers to solve the
given algorithm related to division of fraction using as many strategies as they can.
Based on the analysis of the data, 5 different strategies were proposed by 22

mathematics teachers to divide fractions. The frequency of strategies was presented in
Table 1.
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Table 1: The Frequency of Strategies That Proposed by the Teachers

Strategy f (%)

Invert and Multiply 20 (91)
Common Denominator 13 (60)
Dividing numerators and denominators among themselves 8 (36,4)
Converting fractions into decimal 1(4,5)
Converting to equation 1(4,5)

As it can be realized from Table 1, the most common strategy that the teachers prefer to
use while dividing the fractions was invert and multiply strategy. Among 22 teachers,
20 of them suggested this strategy to divide fractions. During the interviews, the
reasoning of invert and multiply strategy was asked to these teachers. The surprising
thing is that many of them did not know the reasoning behind why the divisor is
inverted and multiplied. Regarding this, one teacher claimed that invert and multiply
strategy is the definition of division of fractions without explaining the justification of
how the division of fraction can be defined and what is the relationship between the
invert and multiply strategy and the definition of division of fraction. Additionally, 16
teachers (out of 20) stated that invert and multiply strategy is the most reliable way to
divide the fractions since it can be generalized to all problems related to division of
fractions. However, these teachers did not know how it can be generalized to all
problems and why it is the most reliable strategy. When asked about the reason for why
this strategy was reliable, T21 stated the following;:

“I believe that it is reliable since it is the general rule for division of fraction. When I was
a student, I had learned the division of fractions by this strategy. Also, this strategy is
presented all mathematics textbook. For this reason, I consider that it is the most reliable
and efficient way to divide fractions.”

On the other hand, 3 middle school mathematics teachers addressed that
division is the inverse operation of multiplication. In relation to this, T6’s explanation is
presented below:

“Division by a number means multiplication by its reciprocal. Thus, while dividing 14—5 by

2, we can multiply % by z The logic behind invert and multiply strategy is this.”

Table 1 shows that another strategy that more than half of the middle school
teachers presented was common denominator strategy. Thirteen teachers among 22
teachers stated that this strategy can be an alternative way to divide the fractions.
Among these teachers, T1 noted that:

“This strateqy is not common in our school. At first, we did not learn division of
fractions with this method. We learnt invert and multiply strategy. However, I think that
common denominator strategy is another efficient strategy and it can be generalized to all
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problems related to division of fractions. Now, I propose my students to use it while
dividing the fractions.”

Another teacher, T12 explained that:

“The only strategy in our textbooks was invert and multiply strategy, now common
denominator strategy is presented in the textbooks. This strategy might be made more
sense than invert and multiply strategy since it is similar to adding the fractions. The
students might confuse when the denominators must be common, when it is not
necessary. With this strategy, they may think that they can equate the denominators
before doing basic algorithms of fractions always.”

As well as connecting the division of fractions with addition of fractions, a few
teachers made relationship between division of fractions and division of whole number
with common denominator strategy. In relation to this, T8 stated that:

“When the denominators are equated, the division of denominator will be 1 and the
denominator become identity element. Therefore, we only divide numerators which are
whole numbers. In this case, one whole number is divided by a whole number. In this
way, the students will not have difficulty in doing division operations with fractions.”

Apart from these strategies, 8 middle school teachers stated another strategy
which is named as dividing numerators and denominators among themselves. In this
strategy, the numerators and denominators of the dividend and divisor are divided
separately. One of the teachers’ solutions, T14, is presented as an example below.

41 -
//-g

In the interview, it was asked to 8 teachers whether it is valid for all problems or
not. The excerpt from interview of T14 is as follows:

“I haven't thought before. Hunimmm..I should think a few minute. If I divide = by 2 the
. 6:2 3 . . 14 7
result will be — = =. There isn’t any problem with the strategy. I want to do one more
14:7 2 s
division algorithm with fractions. In this case, the first fraction is — and the second one
is % When 1 apply dividing numerators and denominators among themselves, the

numerator and denominator of dividend is not divisible by those of divisor. Ooo...I
cannot use this strategy to divide all fractions.”
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As it can be realized from the excerpt, all teachers realized that dividing
numerators and denominators among themselves is not generalizable to all fractions.

As an alternative strategy for division of fractions, only one teacher, T13,
specified converting fractions into decimal strategy and added:

“The division of fractions can be done with converting the fractions into decimals. Then,
the division algorithm with decimals can be performed. In this example, it might be
challenging since both the divisor and dividend is repeating decimals and division of
repeating decimals can be difficult for students. Otherwise, it will be one of the easiest
ways to divide the fractions.”

The last strategy that T4 was proposed to divide the fractions is converting to
equation strategy. In this strategy, the student converts the division operation into
algebraic equation. T4’s solution is presented below.

As it can be realized, the teacher wrote the result of division of fraction as an
algebraic equation. Then, he converted division algorithm into multiplication algorithm
by equating the multiplication of divisor and quotient to the dividend. Lastly, he solved
two equations, 2.a= 4 and 3.b=15, to find the result which is represented as %.

As a result, 22 middle school teachers proposed 5 different strategies to divide
the fractions. Although the most common strategy was invert and multiply strategy,
converting fractions into decimal strategy and converting to equation were the least
common strategies that middle school teachers addressed.

3.2 The Problems Posed by Middle School Teachers for the Division of Fraction

An adequate content knowledge requires being able to represent the subject
appropriately and in multiple ways such as story problems, pictures, manipulatives,
graphs and tables (Ball, 1990a). From this point of view, middle school mathematics
teachers’ content knowledge was examined through the problems that they posed
related to the division of fractions. The teachers asked to pose a problem which can be
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solved by % +§ . Table 2 shows the categories of the problems that middle school
teachers posed related to division of fractions.

Table 2: The Problems That Middle School Teachers Posed Related to Division of Fraction

Categories Frequency (%)
Unable to pose a problem 4 (18.19%)
Inappropriate problems 8 (36.36%)
Appropriate problems 10 (45.45%)

As a result of the data analysis, it is found that 4 teachers could not pose a problem.
During the interview, it was asked them to write a problem however they stated that
the problem cannot be written with this algorithm. The excerpt from the interview of
T17 was as follows:

“We cannot write any problem with these fractions since 14—5 is smaller than 2 How can

we divide the smaller one to the bigger one. Therefore, I cannot pose any problem.”

Additionally, 8 teachers (36.36%) wrote a problem solved applying the given
algorithm but the context of the problems was not appropriate. As an example, the
problem that T2 posed was presented below:

“How many bags of 2/3 kg are needed to put into 4/15 kg chickpeas?”

The problem can be solved with dividing 14—5 into § However, the number of bags

cannot be a fraction.

Therefore, this problem was not appropriate story problem for the given
algorithm. Similar problems were also posed by other teachers and the result of the
division algorithm represented bottle, people, cups etc. Due to the fact that these can be
represented by whole number, teachers’ problems were regarded as inappropriate
problems.

On the other hand, 10 teachers among 22 teachers (45.45%) posed appropriate
problem in terms of the algorithm and the context. The problem of T10 was presented
as an example below.

“Sedat divided his birthday cake into 15 slices. He separated 4 slices of the cake for his
family. Then he ate 2 of 4 slices. In this case, find the amount of cake that Sedat ate.”

Five problems coded as appropriate problems were similar the given example
which were asked the amount of small part within the big part. Additionally, the rest of
4 problems were very similar to each other. As an example, the problem that T18 posed
was as follows:

European Journal of Education Studies - Volume 5 | Issue 12 | 2019 277


http://oapub.org/edu/index.php/ejes

Reyhan Tekin Sitrava
THE MIDDLE SCHOOL MATHEMATICS TEACHERS’ SUBJECT MATTER KNOWLEDGE:
THE CONTEXT OF DIVISION OF FRACTIONS

“The phone has a 4/15 charge. How many hours will it take to end the charge if it is
reduced by 2/3 per hour?”

As it can be realized, these findings indicate that more than half of the middle
school mathematics teachers in this study had difficulty in generating an appropriate
story problem to illustrate division of fractions.

4. Discussion

The aim of this study was to investigate middle school mathematics teachers” subject
matter knowledge in term of the alternative strategies that they proposed to divide the
fractions and the problems that they posed related to division of fractions. Based on the
analysis of the data, five strategies were addressed by the teachers to divide 14—5 by 2 It is

not surprising that the most popular strategy was invert and multiply strategy which
was started by 91% of the participants. Although the teachers solved the given
algorithm with invert and multiply strategy, they did not know why the divisor is
inverted and multiplied. In this sense, it was concluded that the teachers focused on the
particular rules rather than tending to search for the underlying meanings. One of the
reasons for this might be that the division of fractions is mostly taught with invert and
multiply strategy without teaching the underlying reasoning of the strategy and
without making the students think the reasons for inverting and multiplying. Therefore,
the teachers in this study most probably learnt dividing the fractions procedurally and
used invert and multiply strategy when they were students. Furthermore, the teachers
may assume that stating the rule is tantamount to presenting justification of the
reasoning behind the rule. Similarly, Ball (1990b) emphasized that the prospective
teachers got stuck in explaining the invert and multiply rule because of their inadequate
knowledge. Also, in the study of Tirosh (2000), the prospective teachers knew how to
divide the fractions, namely they used invert and multiply strategy, but could not
explain the procedure. Similarly, Ma (1999) resulted in that the U.S. teachers had
deficiency in explaining invert and multiply strategy. Contrary to the U.S. teachers,
Chinese teachers had conceptual knowledge about the reasoning behind the procedure.
They justified the division of fractions by stating that “dividing by a number is equivalent
to multiplying by its reciprocal” (Ma, 1999, p. 49). Similar to Chinese teachers, the Turkish
teachers in this study presented alternative strategies for division of fractions.

As Chinese teachers, the Turkish teachers divide the fractions using converting
the fractions into decimals strategy and dividing the numerators and denominators
among themselves. However, these strategies were not widely used in Turkish
mathematics classrooms. The reasons for this might be that dividing the numerators
and denominators among themselves cannot be applied for all problems unless the
denominator and numerator of dividend is the multiple of those of divisor. On the
other hand, this strategy is presented in the Turkish textbooks (MoNe, 2018) but most of
the teachers did not know it. This can be interpreted as although the textbooks present
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variety of strategies, the teachers ignore the textbooks and the alternative strategies.
They may only focus on the strategy which was valid for all problems. Regarding
converting fractions into decimal strategy, apart from one teacher, other teachers could
not present this strategy even though Ma (1999) stated that one of the popular ways of
division of fraction was using decimals. In her study, one third of the Chinese teachers
divide the fractions by converting the fractions into decimals. Ma emphasized that
while converting the fractions into decimals makes the problem easier, converting the
decimals into fraction makes the decimal problem easier, too. Contrary to Ma’s thought,
the Turkish teachers did not think that the decimals make the fraction problems easier.
Parallel to the teachers’ thought, this is not presented in the Turkish curriculum and the
textbooks (MoNE, 2018). In other words, Turkish curriculum and textbooks did not
present converting the fractions into decimals as an alternative way for division of
fractions, however converting the decimals into fractions is one of the widely used
strategies for division of decimals presented in the curriculum and textbooks. Due to
the fact that the curriculum and textbooks do not address using decimal strategy as an
alternative strategy for division of fractions, the teachers may not have used this
strategy while dividing the fractions. Apart from these strategies mentioned above,
more than half of the teachers solved the given algorithm using common denominator
strategy which was also presented in the previous studies (Ma, 1999, Son & Crespo,
2009; Van de Walle, Karp, & Bay-Williams, 2013), and in the Turkish curriculum and
textbooks (MoNE, 2018). As some teachers stated in this study, the teachers participated
in the previous studies specified that while using common denominator, the division of
fraction is converted into division of whole numbers. Because of this, the teachers
claimed that common denominator strategy is the easiest strategy to divide fractions.
According to them, the students do not have to memorize a rule, like invert the divisor
and multiply it with the dividend and convert the fractions into decimals. They
reported that all students know the multiplication of the whole numbers which is done
to equate the denominators and then all of them know the division of whole numbers.
The interesting finding of this study is the converting to equation strategy.
According to accessible literature, this strategy has not been presented in the previous
studies. In the present study, this strategy was stated only one teacher. In order to
convert the division of fractions into equation; she represented the answer of the
problem as an algebraic statement and then solved the equation. This strategy is
efficient way to divide the fractions and it is generalizable to all problems. Moreover, it
is related to the solving the equations. Rather than memorizing the rule, the students
connect knowledge of division of fractions with knowledge of solving equations.
Additionally, common denominator, dividing numerators and denominators among
themselves strategy and converting fractions into decimals strategy requires connecting
different subject (division of whole numbers, division of decimals) with division of
fractions. From this point of view, these strategies may provide students to learn
division of fractions conceptually. For this reason, teachers need to know the alternative
strategies in order to teach the students and make the solution of the problems more
effective for students. Also, teachers’” knowledge of alternative solution strategies is
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obligatory for teachers to address the reasoning about students’ invented strategies
(Fennema et al., 1996; Franke, Kazemi, & Battey, 2007; NCTM, 2014). In conclusion, the
teachers” subject matter knowledge has a significant role in order to provide conceptual
learning for students.

In this study, teachers’ subject matter knowledge was investigated in terms of the
problems that they posed in the context division of fraction. It is surprising that more
than half of the teachers could not generate an appropriate problems with the given
division algorithm. Some of them said that it was unable to pose a problem and the rest
of them tried to pose a problem, however they could not pose any problems. This result
let me to conclude that most of the middle school mathematics teachers had not
adequate knowledge to generate a problem. Similar results were stated in the previous
studies and they revealed the relationship between teachers’ knowledge and their
problem posing abilities. For instance, Ball (1990a) and Chapman (2002) emphasized
that teachers’ problem posing abilities is highly correlated with teachers’ content
knowledge. Also, Lin asserted that teachers could improve their problem posing
abilities with their adequate content knowledge. More specifically, if the teachers
cannot pose any problem, then it may be resulted in that their knowledge of
mathematics is not sufficient to pose any problem. On the other hand, 45.45% teachers
could pose appropriate problems. This means that these teachers had adequate
knowledge to be able to represent the division of fraction appropriately with story
problems.

The present study investigated the middle school mathematics teachers” subject
matter knowledge in the scope of alternative strategies that they proposed to divide the
fractions and the problems that they posed related to division of fractions. Based on the
results, the study has some implications for teachers, teacher educators and curriculum
developers. First, it is no beyond doubt that the teachers transfer their knowledge to
their students. The more the teachers know the subject in conceptual way, the more
their students know it in conceptual way. The teachers should have knowledge about
the reasoning of the strategies even if they learnt them as a rule when they were a
student. They should explain why this rule is meaningful and why it can be applied to
the problems. Otherwise, students will not learn the subjects conceptually. In addition,
it would be significant for teachers to know variety of solution strategies related to
division of fractions to teach students. In this way, they expand students” knowledge of
division of fractions and they give opportunities to students to select the strategy which
is the most easiest and meaningful for them. Otherwise, all students have to solve the
problems with only one strategy. Moreover, the teachers” problem posing ability is also
important to pose different and challenging problems and to create opportunities to
students pose any problems related to the subjects. In this way, teachers help students
develop their mathematical understanding, enhance their creativity, improve their
mathematical reasoning, discover the relationship among the mathematics concepts and
formulate existing situations to the new situations (English, 1998; Silver, 1994;
Stoyanova, 2003; Ticha & Hospesova, 2009). Also, while posing problems, the teachers
improve their content knowledge through making relationship between the
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mathematical concepts, terms and the numbers. When the importance of teachers’
knowledge of strategies, and knowledge required to pose problems is considered, it is
revealed that the teacher educators have the responsibility to educate more
knowledgeable teachers. Furthermore, in order to improve their knowledge of the
alternative solution strategies of any subject of mathematics, the teachers may need to
see them in the curriculum and the textbooks. Thus, curriculum developers and
textbook authors need to provide alternative strategies and problem posing activities in
the textbooks to help the teachers improve their knowledge.

Although the present study provided interesting findings that contribute to the
literature and teaching practices, there is still more to do. In the present study, it was
studied with middle school teachers. It is suggested that similar studies could be
conducted with prospective teachers in order to reveal the knowledge of future
teachers. In this sense, if their knowledge is not adequate to teach the division of
fractions conceptually, then the teacher educators can teach the subject again and make
them more knowledgeable. Also, similar study could be carried out with students in
order to investigate what kind of strategies they develop and what kind of problems
they pose. Moreover, future studies could be carried out with different mathematics
topics to portray larger picture of students, teachers and prospective teachers’
knowledge. As a final point, data might be collected via classroom observation to
examine the strategies that they teach and the problem posing activities that they
applied. In this way, information about how they present their knowledge related to
both alternative strategies and problem posing during their teaching could be gained.

References

Ball, D. L. (1990a). The mathematical understanding that prospective teachers to teacher
education. Elementary School Journal, 90, 449-466.

Ball, D. L. (1990b). Prospective elementary and secondary teachers’ understanding of
division. Journal of Research in Mathematics Education, 21, 132-144.

Ball, D. L., Hill, H. C.,, & Bass, H. (2005). Knowing mathematics for teaching: Who
knows mathematics well enough to teach third grade, and how can we decide?
American Educator, 29(3), 14-46.

Ball, D. L., Thames, M. H., & Phelps, G. (2008). Content knowledge for teaching: What
makes it special? Journal of Teacher Education, 59 (5), 389- 407.

Boaler, J. & Staples, M. (2008) Creating mathematical futures through an equitable
teaching approach: The case of Railside school. Teachers College Record, 110(3),
608-645.

Borko, H., Eisenhart, M., Brown, C. A., Underhill, R. G., Jones, D. & Agard, P. C. (1992).
Learning to teach hard mathematics: Do novice teachers and their instructors
give up too easily?. Journal for Research in Mathematics Education, 23, 194-222.

Borko, H. & Putnam, R. T. (1996). Learning to teach. In R. Calfee & D. Berliner (Eds.),
Handbook of educational psychology (pp. 673-725). New York: Macmillan.

European Journal of Education Studies - Volume 5 | Issue 12 | 2019 281


http://oapub.org/edu/index.php/ejes

Reyhan Tekin Sitrava
THE MIDDLE SCHOOL MATHEMATICS TEACHERS’ SUBJECT MATTER KNOWLEDGE:
THE CONTEXT OF DIVISION OF FRACTIONS

Carreno, E., Ribeiro, C. M., & Climent, N. (2013). Specialized and horizon content
knowledge-Discussing prospective teachers knowledge on polygons.
In Proceedings of the Eight Congress of European Mathematics Education (pp. 2966-
2975).

Castro-Rodriguez, E., Pitta-Pantazi, D., Rico, L., & Godmez, P. (2016).Prospective
teachers’ understanding of the multiplicative part-whole relationship of fraction.
Educational Studies in Mathematics,92(1), 129-146.

Cohen, D., Raudenbush, S., & Ball, D. (2003) Resources, instruction, and research.
Educational Evaluation and Policy Analysis, 25(2), 1-24.

Contreras, J. M., Batanero, C., Diaz, C., & Fernandes, J. A. (2011). Prospective teachers’
common and specialized knowledge in a probability task. In Seventh Congress of
the European Society for Research in Mathematics Education (pp. 766-775). European
Society for Research in Mathematics Education.

Creswell, J. W. (2007). Qualitative inquiry and research design: Choosing among five
approaches (2nd ed.). Thousand Oaks, California: Sage Publications, Inc.

English, L. D. (1998). Children's problem posing within formal and informal
contexts. Journal for Research in Mathematics Education, 29(1) 83-106. Doi:
10.2307/749719.

Even, R. (1990). Subject-matter knowledge for teaching and the case of functions.
International Journal of Mathematics Education in Science and Technology, 14, 293-305.

Even, R. (1993). Subject-matter knowledge and pedagogical content knowledge:
Prospective secondary teachers and the function concept. Journal for research in
Mathematics Education, 24(2), 94-116.

Even, R., & Tirosh, D. (1995). Subject-matter knowledge and knowledge about students
as sources of teacher presentations of the subject-matter. Educational Studies in
Mathematics, 29(1), 1-20.

Fendel, D. M. (1987). Understanding the structure of elementary school mathematics. Allyn &
Bacon.

Fennema, E., & Franke, M. L. (1992). Teachers' knowledge and its impact. In D. A.
Grouws (Ed.), Handbook of research on mathematics teaching and learning (pp. 147-
164). New York: Macmillan.

Fennema, E., Carpenter, T. P., Franke, M. L., Levi, L., Jacobs, V. R., & Empson, S. B.
(1996). A longitudinal study of learning to use children’s thinking in
mathematics instruction. Journal for Research in Mathematics Education, 27(4), 403—
434.

Franke, M. L., Kazemi, E., & Battey, D. (2007). Mathematics teaching and classroom
practice. Second handbook of research on mathematics teaching and learning, 1(1), 225-
256.

Hill, H. C.,, Schilling, S., & Ball, D. L. (2004). Developing measures of teachers'
mathematics knowledge for teaching. Elementary School Journal, 105(1), 1130.

Hu, H. W., & Hsiao, W. Y. (2013). Developing pre-service teachers’ understanding in
division of fractions by using TPACK. In Society for Information Technology &

European Journal of Education Studies - Volume 5 | Issue 12 | 2019 282


http://oapub.org/edu/index.php/ejes

Reyhan Tekin Sitrava
THE MIDDLE SCHOOL MATHEMATICS TEACHERS’ SUBJECT MATTER KNOWLEDGE:
THE CONTEXT OF DIVISION OF FRACTIONS

Teacher Education International Conference (pp. 4801-4805). Association for the
Advancement of Computing in Education (AACE).

Huang, R., & Kulm, G. (2012). Prospective middle grade mathematics teachers’
knowledge of algebra for teaching. The Journal of Mathematical Behavior, 31(4), 417-
430.

Isiksal, M. (2006). A study on pre-service elementary mathematics teachers” subject matter
knowledge and pedagogical content knowledge regarding the multiplication and division
of fractions. Unpublished doctoral dissertation, Middle East Technical University,
Turkey.

Lin, P. ]J. (2004). Supporting teachers on designing problem-posing tasks as a tool of
assessment to understand students' mathematical learning. In Proceedings of the
28th Conference of the International Group for the Psychology of Mathematics
Education. (Vol. 3, pp. 257-2644). Norway: Bergen.

Livy, S., & Vale, C. (2011). First year pre-service teachers' mathematical content
knowledge: Methods of solution to a ratio question. Mathematics Teacher
Education and Development, 13(2), 22-43.

Ma, L. (1999). Knowing and Teaching Elementary Mathematics: Teachers’ understanding of
fundamental mathematics in China and the United States. Mahwah, NJ: Lawrence
Erlbaum.

Magnusson, S., Krajcik, J., & Borko, H. (1999). Nature, sources and development of
pedagogical content knowledge for science teaching. In J. Gess-Newsome & N.
G. Lederman (Eds.), Examining pedagogical content knowledge: The construct and its
implications for science education (pp. 95-132). Boston: Kluwer.

Merriam, S. B. (2009). Qualitative research: A guide to design and implementation. San
Francisco: Jossey-Bass.

Mewborn, D. (2003). Teaching, teachers” knowledge, and their professional
development. In J. Kilpatrick, W. G. Martin, & D. Schifter (Eds.), Research
companion to principles and standards for school mathematics (pp. 45-52). Reston, VA:
NCTM.

Ministry of National Education (MoNE) (2018). Matematik dersi 63retim programi ( ITkokul
ve Ortaokul 1, 2, 3, 4, 5, 6, 7 ve 8. siniflar) [Primary and middle school grades 1 to
8]. Ankara, Turkey: Author.

National Council of Teacher of Mathematics. (2000). Principles and standards for school
mathematics. Reston, VA: National Council of Teachers of Mathematics.

National Council of Teachers of Mathematics. (2014). Principles to actions: Ensuring
mathematical success for all. Reston, VA: Author.

Olanoff, D., Lo, J. J., & Tobias, J. (2014). Mathematical content knowledge for teaching
elementary mathematics: A focus on fractions. The Mathematics Enthusiast, 11(2),
267-310.

Pino-Fan, L., Godino, J. D., Font, V., & Castro, W. F. (2013). Prospective teacher's
specialized content knowledge on derivative. In Proceedings of the Eighth Congress
of the European Society for Research in Mathematics Education (pp. 3195-3205).

European Journal of Education Studies - Volume 5 | Issue 12 | 2019 283


http://oapub.org/edu/index.php/ejes

Reyhan Tekin Sitrava
THE MIDDLE SCHOOL MATHEMATICS TEACHERS’ SUBJECT MATTER KNOWLEDGE:
THE CONTEXT OF DIVISION OF FRACTIONS

Rowland, T., Huckstep, P., &Thwaites, A. (2005). Elementary teachers” mathematics
subject knowledge: The Knowledge Quartet and the case of Naomi. Journal of
Mathematics Teacher Education, 8(3), 255-281.

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching.
Educational Researcher, 15(2), 4-14.

Silver, E. A. (1994). On mathematical problem posing. For the Learning of
Mathematics, 14(1), 19-28.

Son, J., & Crespo, S. (2009). Prospective teachers’ reasoning about students’ non-
traditional strategies when dividing fractions. Journal of Mathematics Teacher
Education, 12(4), 236-261.

Stein, M. K. & Lane, S. (1996) Instructional tasks and the development of student
capacity to think and reason: An analysis of the relationship between teaching
and learning in a reform mathematics project. Educational Research and Evaluation,
2(1), 50-80.

Stein, M. K., Remillard, J. & Smith, M. S. (2007) How curriculum influences student
learning. In F. K. Lester (ed.), Second Handbook of Research on Mathematics Teaching
and Learning, 319-36, Charlotte, NC: Information Age Publishing.

Stoyanova, E. (2003). Extending students' understanding of mathematics via problem
posing. Australian Mathematics Teacher, 59(2), 32-40.

Strauss, A., & Corbin, J. (1990). Basics of qualitative research. Sage publications.

Tirosh, D. (2000). Enhancing prospective teacher’ knowledge of children’s conceptions:
The case of division of fractions. Journal for Research in Mathematics Education,
31(1), 5-25.

Tirosh, D., & Graeber, A. (1991). The effect of problem type and common
misconceptions on preservice elementary teachers’ thinking about division.
School Science and Mathematics, 91, 157-163.

Ticha, M., & HoSpesova, A. (2009, January). Problem posing and development of
pedagogical content knowledge in prospective teacher training. In meeting of
CERME (Vol. 6, pp. 1941-1950). Doi: 10.1007/978-1-4614-6258-3_21.

Van de Walle, J. A., Karp, K. S., Bay-Williams, J. M. (2013). Elementary and middle
school mathematics: Teaching developmentally (8th ed.). Boston, MA: Pearson.

Wahyu, K., Amin, S.M., & Lukito, A. (2017). Motivation cards to support students’
understanding on fraction divisions. International Journal on Emerging Mathematics
Education, 1(1), 99-120.

European Journal of Education Studies - Volume 5 | Issue 12 | 2019 284


http://oapub.org/edu/index.php/ejes

Reyhan Tekin Sitrava
THE MIDDLE SCHOOL MATHEMATICS TEACHERS’ SUBJECT MATTER KNOWLEDGE:
THE CONTEXT OF DIVISION OF FRACTIONS

Creative Commons licensing terms

Author(s) will retain the copyright of their published articles agreeing that a Creative Commons Attribution 4.0 International License (CC BY 4.0) terms
will be applied to their work. Under the terms of this license, no permission is required from the author(s) or publisher for members of the community
to copy, distribute, transmit or adapt the article content, providing a proper, prominent and unambiguous attribution to the authors in a manner that
makes clear that the materials are being reused under permission of a Creative Commons License. Views, opinions and conclusions expressed in this
research article are views, opinions and conclusions of the author(s). Open Access Publishing Group and European Journal of Education Studies shall
not be responsible or answerable for any loss, damage or liability caused in relation to/arising out of conflicts of interest, copyright violations and
inappropriate or inaccurate use of any kind content related or integrated into the research work. All the published works are meeting the Open Access
Publishing requirements and can be freely accessed, shared, modified, distributed and used in educational, commercial and non-commercial purposes
under a Creative Commons Attribution 4.0 International License (CC BY 4.0).

European Journal of Education Studies - Volume 5 | Issue 12 | 2019 285


http://oapub.org/edu/index.php/ejes
https://creativecommons.org/licenses/by/4.0/

