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Abstract

This study adopted a qualitative approach to explore how pre-service mathematics teachers make sense
of the concepts of common multiples and common divisors through context-based problems and the
mathematical representations they use during problem solving. The research was conducted as a case
study. The participants consisted of 58 third-year pre-service mathematics teachers enrolled at a public
university during the fall semester of the 2025-2026 academic year. Data were collected by asking the
participants to create real-life problem situations and solve the problems they had created using
appropriate mathematical representations. The data were analyzed through content analysis. The
findings revealed that most pre-service mathematics teachers were able to generate problems involving
common multiples and common divisors. However, some participants showed a tendency to formulate
problems related to the concepts of least common multiple and greatest common divisor. Time- and
measurement-related situations emerged as the most frequently preferred contexts. In terms of
mathematical representations, participants most frequently used tables, number lines, the factorization
algorithm, the rainbow model, and fraction strips, although the majority relied solely on procedural
solutions. Overall, the findings emphasize the importance of supporting conceptual understanding
through meaningful contexts and the use of multiple mathematical representations in the teaching of
common multiples and common divisors.
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INTRODUCTION

In mathematics teaching, it is essential that concepts are not only considered at an operational
level, but also within a context, to develop students' higher-order thinking skills (Hiebert&
Carpenter, 1992). Context is the source of information that enables the appropriate
interpretation of situations related to the subject being studied (Goffman, 1974). Context-Based
Teaching has been identified as an effective instructional approach because it uses real-life
contexts to support students' understanding of mathematical concepts (Glynn & Koballa, 2005).
Accordingly, students should be provided with well-designed context-based problems that
support meaningful conceptual understanding throughout the learning process. Benckert (1997)
proposed several principles for designing context-based problems. These principles continue to
be recognized in contemporary studies on mathematical problem posing and the design of
meaningful problem situations (Baumanns & Rott, 2021). Accordingly, the following design
principles suggested by Benckert (1997) were considered in this study: The problem should

reflect a logical situation that the student is facing and needs to solve:

e The problem should contain all elements that are directly related to and meaningful in
real life.

e The problem should be multi-step, so that it cannot be solved in one step.

e The problem's solution process can include more information than is necessary.

e The problem should not directly and explicitly state the unknown (the desired outcome).

Accordingly, it is necessary for learners to encounter problems that are appropriately designed
to facilitate understanding throughout their learning process (Cumming & Maxwell, 1999). Hill
(1998) also emphasized the importance of ensuring that the problems designed are relevant to

real-life situations.

The ability to identify the appropriate mathematical structure when faced with a problem and
to explain this choice along with its rationale is considered one of the fundamental indicators
of mathematical understanding (Schoenfeld, 1985, 1992). However, the literature indicates that
while students are often able to apply the correct procedures, they struggle to justify the
appropriateness of these procedures and largely carry out their solution processes at the level

of procedural knowledge (Hiebert, 2003; Lithner, 2008).
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In this context, concepts based on multiplicative structures such as common divisors and
common multiples play a central role in helping students understand divisibility, cyclic
repetition, and equal distribution. The teaching of these concepts requires a multidimensional
cognitive process that involves not only reaching the correct result but also analyzing the
problem context, identifying the appropriate mathematical structure, and justifying this choice
(Lithner, 2008; Schoenfeld, 1985; Stylianides, 2007). Indeed, it has been noted that students
often produce solutions based on procedural knowledge regarding common multiples and
common divisors; they experience various limitations in interpreting the meaning of these
concepts, their conditions of use, and their contextual appropriateness (Zazkis & Campbell,
1996). Furthermore, it has been observed that although students possess foundational
knowledge of the concepts of factors and multiples, they experience difficulties in applying
these concepts to different real-life contexts and explaining their mathematical reasoning (Akin
& Ilhan, 2020; Hurst et al, 2021). Furthermore, it is emphasized that the correct understanding
of a mathematical situation is possible not only through symbolic operations but also by
transforming the context into a mathematical structure. In this transformation process,
mathematical representations play a decisive role in supporting conceptual understanding
(Ainsworth, 2006; Duval, 2006). Mathematical representations enable learners to express and
interpret mathematical ideas in different forms. These representations may include tables,
number lines, symbolic representations, and visual models. Using multiple representations
supports learners in establishing connections between different forms of mathematical thinking
and contributes to the development of conceptual understanding (Ainsworth, 2006; Duval,
2006). In this regard, how students interpret the concepts of common multiples and common
divisors in everyday contexts, in which situations they apply these concepts, and how they
justify their choices have emerged as an important area of research. The “interpretation”
dimension emphasized in the learning outcomes of the Turkey Century Education Model
[TCEM] elementary mathematics curriculum aligns with this theoretical framework, which
centers on the contextual understanding and justification of mathematical concepts (Ministry of
National Education [MoNE], 2024). In the TCEM, the concepts of common multiples and
common divisors are included within the “Numbers and Quantities” theme at the 6th-grade
level. While students are expected to interpret and use the common multiples and common
divisor of two natural numbers when solving problems, it is noted that the concepts of least
common multiple (LCM) and greatest common divisor (GCD) will not be addressed (MoNE,

2024). This represents a significant difference compared to the 2018 curriculum. In this context,
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examining students’ processes of interpreting concepts and formulating problems is important

for revealing the nature of mathematical understanding.

Since problem-posing and problem-solving are frequently encountered in mathematics
education and daily life, there is a clear need to develop these skills. Consequently, the ability
of pre-service teachers to effectively utilize these skills will play a significant role in their design
of effective teaching processes. From this perspective, previous studies have primarily focused
on students' achievement and conceptual understanding of common multiples and common
divisors (e.g., Bagc1 & Ay, 2024; Cubukluoz et al., 2018; Duman & Es, 2023; Gokgen, 2009;
Keyik, 2023). However, limited attention has been given to the context-based problems created
by pre-service mathematics teachers and the mathematical representations they use when
solving these problems. In this study, context-based problems created by pre-service
mathematics teachers regarding the concepts of common multiples and common divisors, as
well as the representations they used in solving these problems, were examined. In this regard,
the purpose of this study is to examine the context-based problems created by pre-service
mathematics teachers regarding the concepts of common multiples and common divisors, with
a particular focus on the contexts used in these problems and the representations employed in

their solutions.

CONCEPTUAL FRAMEWORK

The concepts of common multiples and common divisors are directly related to divisibility,
factor—multiple relationships, and multiplicative reasoning, and constitute a conceptual domain
that can be addressed within the framework of Vergnaud’s theory of multiplicative structures
(Vergnaud, 1983). According to this theory, students’ development of mathematical
understanding depends not only on procedural skills but also on their ability to distinguish
which mathematical structure is appropriate for different types of problems. Situations
requiring a common divisor—such as equal division, determining a common unit of measure,
and partitioning quantities into equal-sized groups—and situations requiring a common
multiple—such as synchronization, periodic repetition, and occurring simultaneously—

constitute the two fundamental structures of this conceptual domain.

Learning divisibility and multiplicative structure knowledge in a fragmented or rule-

memorization-based manner makes it difficult for students to make this contextual distinction.
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Zazkis & Campbell (1996) note that students often use their knowledge of factors and
divisibility independently of context, and that this can lead to incorrect concept selection in
terms such as common divisors and common multiples. Based on students' responses to context-
based tasks, Martinez et al. (2022) found that the problem context directly influenced students'

use of common divisors and that contextual cues played a decisive role in concept selection.

According to Schoenfeld (1985, 1992), selecting the appropriate mathematical concept during
the problem-solving process is one of the most critical stages of problem solving. Even when
students know how to perform mathematical procedures, they may fail to solve a problem
successfully if they are unable to identify which mathematical concept or strategy is appropriate
for the given problem situation. Lithner (2008) explains this situation by noting that students
tend to prefer solution strategies based on procedural reasoning and avoid conceptual
justification. In the context of common multiples and common divisors, this manifests as
students being able to answer the question “how is it calculated?” but failing to justify the

question “why this concept?”’

According to the TCEM, the MAT.6.1.4 learning outcome is structured around interpretation
as a core mathematical competence. Its process components guide students from understanding
real-life contexts to interpreting mathematical relationships and expressing these relationships
through appropriate representations. This structure provides an appropriate framework for
examining how pre-service mathematics teachers construct context-based problems and employ
mathematical representations in their solutions. Mathematical explanation and the use of
representations are recognized as important indicators of students’ conceptual understanding
(Stylianides, 2007; Yackel & Hanna, 2003). The representations used in this process also play
a critical role in meaningful learning. Duval (2006) and Ainsworth (2006) note that students’
ability to transition between verbal, procedural, visual, and tabular representations facilitates a
deeper understanding of mathematical concepts. When reviewing studies on common multiples
and common divisors in the literature, research conducted with middle school students
generally stands out (Bagce1 & Ay, 2024; Cubukludz et al., 2018; Duman & Es, 2023; Gokgen,
2009; Keyik, 2023). These studies have generally examined students’ achievement levels
regarding these concepts. No studies have been found that examine pre-service teachers’ levels

of problem-solving, interpretation, and representation regarding these concepts.
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In line with this theoretical framework, it is important to investigate pre-service teachers'
abilities to create, interpret, and represent context-based problems related to the concepts of
common divisors and common multiples. As future mathematics teachers, their conceptual
understanding and instructional decisions are likely to influence how these concepts are taught
in classrooms. Examining how pre-service teachers construct context-based problems and use
mathematical representations may provide valuable insights into their conceptual understanding
and help identify areas that require further support in teacher education programs. Therefore,
the purpose of this study is to examine the context-based problems created by pre-service
mathematics teachers regarding the concepts of common multiples and common divisors, as
well as the types of representations they use in solving these problems. In line with this purpose,

answers were sought to the following research questions:

1. What types of contexts do pre-service middle school mathematics teachers use when creating

context-based problems related to the concepts of common multiples and common divisors?

2. What mathematical representations do pre-service middle school mathematics teachers use
when solving the context-based problems they create regarding the concepts of common

multiples and common divisors?

METHODOLOGY

Research Design

This study employed a qualitative single-case study design. A case study enables an in-depth
investigation of a bounded system within its real-life context (Merriam, 1998; Yin, 2018). In
this study, the case was defined as the context-based problem-posing practices of a cohort of
third-year pre-service middle school mathematics teachers. These practices were examined
within the context of the concepts of common multiples and common divisors. The case was
bounded by a single cohort of pre-service middle school mathematics teachers enrolled in an
Teaching of Numbers course at a state university. A single-case design was considered
appropriate because it allowed for an in-depth examination of participants' context-based
problem-posing practices and their use of mathematical representations within this specific

educational context.
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Study Group

The participants of this study consisted of 58 third-year pre-service middle school mathematics
teachers enrolled at a state university in Tiirkiye. Third-year pre-service teachers were selected
because they had completed the Teaching of Numbers course, in which they studied the
concepts of common multiples and common divisors within the framework of the middle school
mathematics curriculum. Accordingly, they possessed the prerequisite content knowledge
required to create context-based problems and use appropriate mathematical representations
related to these concepts. Data were collected during the implementation of the Teaching of
Numbers course in the 2025-2026 academic year, after the participants had completed the
instructional content related to the concepts of common multiples and common divisors. To
ensure participant anonymity, each pre-service mathematics teacher was assigned an
identification code ranging from PSMT1 to PSMT58 (Pre-Service Mathematics Teacher).
These codes are used throughout the Findings section when presenting representative examples

from the participants’ written responses."

Data Collection Tools

Data were collected through a written data collection form consisting of open-ended questions.
The form was developed in accordance with the MAT.6.1.4 learning outcome in the Turkish
Century Education Model (TCEM) Mathematics Curriculum and was reviewed by two experts
in mathematics education to ensure its content validity. Based on their feedback, minor

revisions were made to improve the clarity and comprehensibility of the questions.

Participants were asked to create context-based problems in accordance with the MAT.6.1.4
learning outcome, which focuses on interpreting common multiples and common divisors
through real-life problems or mathematical situations, and to provide detailed explanations of

their solutions. The written responses constituted the primary data source of the study.

Data Analysis and Data Collection Process

The data were analyzed using qualitative content analysis. The context categories were
generated inductively from the participants' written responses. Subsequently, the identified
contexts were interpreted in relation to the characteristics of context-based problems proposed

by Benckert (1997). Likewise, the mathematical representations used in the solutions were
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analyzed inductively, with the representation categories emerging from the participants' written

responses.

The unit of analysis was each participant's written response, including the context-based
problem, its solution, and the explanation for the selected mathematical representation. All
responses were coded independently by two researchers. To ensure the reliability of the coding
process, inter-coder agreement was calculated using the Miles and Huberman (1994) formula,
yielding an agreement rate of 92%, which indicates a high level of reliability. Following the
independent coding, the researchers discussed the remaining discrepancies and reached

consensus on the final coding structure.

Frequencies were calculated only to describe the distribution of the identified categories and to
support the qualitative interpretation of the findings. They were not used for statistical inference

but rather to indicate the prevalence of the categories identified through the content analysis.

FINDINGS

The findings of this study consist of the context-based problems designed by pre-service
teachers regarding the concepts of common multiples and common divisors, the contexts used
in these problems, and the mathematical representations employed in their solutions. The
findings are presented under two main headings based on the mathematical concepts examined:
(1) common multiples and (2) common divisors. Under each heading, the contexts used in the
problems and the mathematical representations employed in their solutions are reported in

accordance with the research questions.

Findings Regarding Common Multiples

In the findings regarding the written responses provided by the pre-service teachers on the
concept of common multiples, consideration was given to whether the learning outcomes were
met, whether an appropriate context was provided within the problem statement, and whether
the mathematical representations used in solving the problem. Table 1 first presents the
frequencies and percentages, indicating the extent to which the pre-service teachers’ written

responses met the learning outcomes.
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Table 1.
Types and Frequency Distributions of Problems Designed by Pre-service Teachers Related to

the Concept of Common Multiples

Problem Types Frequency (f) Percentage (%)
Common Multiple Problems 41 70,7
Least Common Multiple (LCM) Problems 7 12,1
Problems Unrelated to the Target Concept 2 3.4
No Response 8 13,8

An examination of Table 1 reveals that the problems designed by 41 pre-service teachers
included the concept of common multiples. Seven pre-service teachers created problems
involving the least common multiple (LCM) instead of common multiples. It was determined
that 10 pre-service teachers either created problems unrelated to the concept or did not create

any problems at all.

The pre-service teachers created common multiple problems using different contexts. Table 2
presents the codes related to the themes of the contexts used by the 41 t pre-service teachers in

the problems that included the concept of common multiples.

Table 2.
Codes and Frequency Distributions of the Contexts Used by Pre-service Teachers in Common
Multiple Problems
Codes Frequency (f) Percentage (%)
Time 26 63,4
Measurement Units (Length / Weight / Area) 9 22
Number 6 14,6

Responses representing different context codes were identified among the 41 pre-service
teachers who were able to create context-based problems related to common multiples. As
presented in Table 2, twenty-six pre-service teachers designed problems coded as Temporal
Context by incorporating recurring time-related situations into their problem scenarios. Nine
problems were coded under Measurement Context, including contexts involving length, weight,
and area. In addition, six pre-service teachers created problems involving common multiples

but without embedding them in any real-life context.
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An example of the Temporal Context code is presented in Figure 1. PSMT10 designed a
problem based on recurring events occurring at regular time intervals, requiring the use of the

concept of common multiples within a meaningful real-life context.
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“Ayse goes to work every 3 days, while Beyza goes to work every 5 days. Ayse started work on 3 July,
and Beyza started work on 5 July. On which dates will they both be at work?”

Figure 1. The Common Multiple Problem Designed by PSMT10 in a Temporal Context.

In the problem designed for PSMT10, the working days of two individuals (Ayse Hanim and
Beyza Hanim), which occur at specific intervals, are given, and the task is to determine the days
on which these schedules overlap. The problem requires the use of a tool to determine the
intersection days of recurring events corresponding to different day cycles. Additionally, by
providing different starting days, the problem encourages students to develop various strategies,
such as creating a timeline and listing consecutive days. With these features, the problem
presents the concept of common multiples through a real-life context that requires identifying
a common multiple to solve the given situation. Therefore, such problems may provide students
with opportunities to relate the concept of a common multiple to determining the common

occurrence of periodic events with different starting points.

Figure 2 shows a real-life problem in which PSMT12 relates the concept of common multiples

within the context of units of measurement.

r 'GLl‘F'T'E}} i &.-Pb!woﬁ }'m"':ﬁ” o '?E'll"M{"" Bokes 7“‘"«;-3 Ii-m if{’-":-naé od J"F
]-u'a.in.l E.]'-'Jfr gﬂ'ﬂf ,aJ |:'-.’J|nr£ 50 a ol f:c.cizr-""l ﬂmﬁaiﬁmqu wtolal; |.r:-]

lIl'I i '; o ::Iu ﬂﬂ{e &ﬁ&,,ﬂf_{?l{jﬂrjq I‘;If_rr-r? l"_n".1-1|;- . .-:I'L-_ﬂ!. I L?p-{-'ﬂjllr '

“The garden plots in an apartment complex are to be divided into sections of 4 m? and 6 m?. If the area

of a garden is less than 40 m? what could its possible area be?”

Figure 2. The Common Multiple Problem Designed by PSMT12 in the Context of Measurement
Units.
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The common multiple problem for PSMT12, which involves dividing a given area into two
distinct areas without a remainder, requires that the garden be fully subdivided such that the
total area is an exact multiple of both 4 and 6. The constraint that the area must be less than 40

m? necessitates selecting a specific range from the infinite set of common multiples (12, 24, 36,
48, ..).

Some pre-service teachers formulated problem statements using only numbers without any real-
life context. Figure 3 presents the problem statement designed by PSMT43, which was

evaluated in this context.
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“In the figure, Ayse Teacher is playing a game with her students to identify multiples. Answer
the following questions accordingly:

1. In the figure, one student gives the answer 16, while another gives the answer 24. Why do
you think these numbers were stated? Explain your reasoning.

2.What other numbers could be multiples of 8?

3.If the pattern 8, 16, 24, ... continues in the same way, what is the fifth term?

Cards numbered from 1 to 60 are distributed to the students.”

Figure 3. The Common Multiple Problem Designed by PSMT43 in the Context of Numbers.

Problem PSMT43 is designed to help students recognize number relationships by introducing
the concept of multiples through a pattern based on multiples of 8. It encourages students to
generalize using the numbers 16 and 24 and fosters an understanding that leads to the
development of the concept of multiples. The problem primarily focuses on the multiples of a

given number.
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The mathematical representations used by the pre-service teachers in solving the common

multiple problems they created were examined.

Table 3.
Types and Frequency Distributions of Mathematical Representations Used by Pre-service

Teachers When Solving Context-Based Problems Related to Common Multiples

Representation Type Frequency (f) Percentage (%)
Table 11 19
Number line 12 20,7

No representation (procedural solution only) 35 60,3

The findings revealed (Table 3) that only 23 pre-service middle school mathematics teachers
employed mathematical representations in their solutions. Among these participants, 12 used a
number line representation, whereas 11 used a table representation. In contrast, the remaining
35 pre-service teachers did not use any mathematical representation and solved the problems

using only procedural calculations.

Representative examples of the mathematical representations identified in the participants'
solutions are presented in Figure 4. Figure 4 shows the representation types used by PSMT27
and PSMT37. PSMT27 identified the common multiple by creating a table and matching the

relevant values, whereas PSMT37 solved the problem using a number line representation.

Upon examining Figure 4, it is evident that PSMT27 uses a table representation systematically
mark the multiples of 18 and 24, enabling students to visually distinguish common multiples
(e.g., 72) and obtain organized data. PSMT37, on the other hand, uses a number line
representation to show the sequential progression of multiples, demonstrating that the common
multiple intersects at the same point. While the table representation fosters awareness primarily
through organization, the number line supports understanding of processes and recurring
patterns. When these two representations are used together, students’ perspectives are
broadened, facilitating a deeper understanding of the concept of common multiples. Therefore,
it can be said that the interactive use of these representations plays an effective role in teaching

the concept of common multiples.
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PSMT 27 “Betiil is asked to shade the common multiples of 18 and 24 up to 80 in the table.
Which numbers should be shaded? The pre-service teacher identified the common multiples by

marking the corresponding numbers in the table.
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PSMT37:A doctor is on duty every 3 days, while a nurse is on duty every 2 days. If both begin
their duty schedules on 1 January, on what date will they be on duty together for the third time?
The pre-service teacher used a number line representation to solve the problem by marking the

doctor's and the nurse's duty days on the number line.

Figure 4. Representations Used by PSMT27 and PSMT37 in the Common Multiple Problem.
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Findings Regarding Common Divisors

The findings regarding the written responses provided by pre-service teachers on the concept
of common divisors took into account whether the responses met the relevant learning outcome,
whether appropriate contextual information was included within the problem statement, and
whether they utilized representational methods while solving the problem. Table 4 first presents
the frequencies and percentages, indicating the extent to which the pre-service teachers’ written

responses met the learning outcome.

Table 4.
Types and Frequency Distributions of Problems Designed by Pre-service Teachers Related to

Common Divisors

Problem Types Frequency (f) Percentage (%)
Common Divisor Problem 37 63,7
Greatest Common Divisor (GCD) Problem 10 17,2
Problem Unrelated to the Target Concept 5 8,6
No Response 6 10,3

An examination of Table 4 reveals that 37 pre-service teachers designed problems involving
the concept of the common divisor. In contrast, 10 pre-service teachers created problems related
to the greatest common divisor (GCD), while 5 designed problems that were unrelated to the

target concept. In addition, 6 of the 58 pre-service teachers did not provide a response.

While designing problem statements related to the concept of common divisor, the pre-service
teachers incorporated various contexts. Table 5 presents the codes corresponding to the themes

of the contexts used by the 37 pre-service teachers in their common divisor problems.

Table 5.
Codes and Frequency Distributions Related to the Theme of Contexts Used by Pre-service

Teachers in Their Common Divisor Problems

Codes Frequency (f) Percentage (%)
Measurement Units (Length / Weight / Price) 33 89,1
Number 4 10,9
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It was determined that the 37 pre-service teachers who were able to create problems involving
common divisors provided responses containing different codes within the context of the
problem’s theme. It was found that 33 pre-service teachers utilized units of measurement when
creating problems involving common divisors. In the problems written in this context, the units
of measurement used were length, weight, and pricing. Four pre-service teachers, however,
created problems that did not include any real-life situations but contained numbers accepted

as common divisor problems.

In a large portion of the pre-service teachers’ common divisor problems, they included units of
measurement. For example, Figure 5 presents the problem statement designed by PSMT12

using the unit of length.
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Serkan's grandfather has two fields measuring 36 decares and 24 degrees respectively. At his
grandfather's request, Serkan will divide both fields into equal-sized plots. What possible plot

sizes (in decares) can he use?

Figure 5. Common Divisor Problem Designed by PSMTI2 in the Context of Units of

Measurement

Problem PSMT12 addresses the concept of common divisors in the context of area
measurement. The problem presents two fields of different sizes (36 decares and 24 decares)
belonging to Serkan’s grandfather and asks the student to divide these fields into equal-sized
parts. This situation requires students to consider the common divisors of these numbers in
order to divide the two different land areas into equal parts. Therefore, the problem involves
determining the common divisors of 36 and 24 to establish how many decares each part could
be. In this regard, the problem allows students to understand the concept of common divisors
not merely as a mathematical operation but within a real-life context of land division and area
measurement. Additionally, the “acre” unit used in the problem helps connect the mathematical

concept to everyday life. In this context, students may realize that a common unit of
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measurement must be established to divide areas of different sizes into equal parts. This process
supports students’ abilities to divide into equal parts, think in terms of units of measurement,
and interpret the concept of common divisors through a concrete situation. Therefore, the
problem can be considered a suitable example that supports the conceptual understanding of

the common divisor concept within the context of area measurement.

Figure 6 presents the problem designed by PSMT48 as an example of the problems pre-service

teachers designed in the context of numbers involving the concept of common divisor.

ﬁ?.-p\.-_,l-r~..-...,._,._..L e loa  dler obaa &5 Y emdg s A E‘ Hdog  oegle
do ke eore lasday Al ddr bgen

gotdll o Lk g r AP uef i
yopradlosen . 3-g00p QOOOTD  Sehiade

Viede gl BT E%% Leltirde maga . Tfroirces A Frebes
bgams toujdlaces  Sdglarmiasinl v B 4 te G
J.ogralwn TR 2 e 3 Lprtdrran b smfakm.-:
L, 3 b el oplatws ot D sosra Sfredeens
B Nifep el {1 e ‘wrie~ (U PR PRI T T

A ey kormarlaor 47 & "1'11_, i + b e fearar
2. pewp el Rt e L gl DndEoigE
fore chan e 127 e Lokoles 3 4,0, T0 b |7 deedz sdahld

prdt v gar plo®e [ de 17 Tni. orbah Lo el o,
- 1 L her -~
4,09 L othasees SRRSO GEraiiar Crle alle autasadn

fraas Les,

Lym Vi Yoai =

rulr'

“The teacher divides six unit squares into two groups and asks each group to construct a
rectangle using all six squares. The first group forms a 1 % 6 rectangle, while the second group
forms a 2 x 3 rectangle. The teacher then asks each group to state the side lengths of their
rectangles. The first group responds 1 and 6, whereas the second group responds 2 and 3.

Based on these responses, the teacher explains that the factors of 6 are 1, 2, 3, and 6.

Next, the teacher gives the two groups twelve unit squares. The first group constructs 1 % 12
and 2 x 6 rectangles, while the second group constructs a 3 x 4 rectangle. The teacher then
explains that the factors of 12 are 1, 2, 3, 4, 6, and 12. Finally, the teacher points out that the
common divisor of 6 and 12 are 1, 2, 3, and 6, thereby helping the students understand the

)

concept of common divisor.’

Figure 6. Common Divisor Problem Designed by PSMT48 in the Context of Numbers.
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In the problem designed by PSMT48, the concept of common divisors is introduced through an
activity involving the creation of rectangles using unit squares. By having students create
different rectangles using 6 unit squares, they can discover the divisors of a number through the
lengths of the sides. This approach allows students to connect numbers with geometric
modeling. In the final stage, comparing the common divisors of the numbers 6 and 12 helps

students develop an understanding of the concept of common divisors.

The mathematical representations used by the pre-service teachers in solving the common

divisor problems they created were examined.

Table 6.
Types and Frequency Distributions of Mathematical Representations Used by Pre-service

Teachers When Solving Context-Based Problems Related to Common Divisors

Representation Type Frequency (f) Percentage (%)
Factor algorithm 7 12,1
Rainbow model 10 17,2
Fraction Strips 7 12,1
No representation (procedural solution only) 34 58,6

The mathematical representations used by the pre-service teachers in solving the common
divisor problems they created were examined. The findings revealed that only 24 pre-service
middle school mathematics teachers employed mathematical representations in their solutions.
Among these participants, 10 used the rainbow model, while 7 used the factor algorithm and
another 7 used fraction strips. In contrast, the remaining 34 pre-service teachers did not use any

mathematical representation and solved the problems using only procedural calculations.

Representative examples of the mathematical representations identified in the participants'
solutions are presented in Figure 7. Figure 7 illustrates the solution produced by PSMT16, who
employed both the rainbow model and the factor algorithm to determine the common divisors.
The factorization algorithm was used to express the prime factorizations of the numbers
systematically, whereas the rainbow model was used to visualize their divisor pairs and identify

the common divisors.
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“Mr. Ahmet wants to build a fence around his garden using wooden boards that are 12 meters
and 18 meters long. If all fence sections are to be of equal length, into what lengths can the
boards be cut? The pre-service teacher used the factor algorithm on the left and the rainbow

model on the right.”

Figure 7. Representations Used by PSMT16 in the Common Divisor Problem.

Figure 7 presents an example of two mathematical representation types: the Factorization
Algorithm and the Rainbow Representation. PSMT16 used both representations together in the
problem designed to teach the concept of common divisors. The factorization algorithm
provides a systematic procedure for expressing the prime factorization of the numbers 12 and
18. In contrast, the rainbow representation visualizes the divisor pairs of each number, enabling
students to recognize the multiplicative relationships among the divisors. Using these two
representations together allows students to examine the concept of common divisors from
different perspectives and supports conceptual understanding through multiple representations.
Figure 8 shows the representations used by PSMTS50 while solving the problem. PSMT50

explained the solution to the problem using two different representations.
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“Ayse wants to divide two ropes measuring 18 meters and 12 meters into equal-length pieces.

The solution is represented using the strip model at the top and the rainbow model at the

)

bottom.’

Figure 8. Representations Used by PSMT50 in the Common Divisor Problem.

An examination of Figure 8 reveals that the problem designed to teach the concept of common
divisors utilizes both the strip model and the rainbow representation. In particular, the model
representation which illustrates the process of dividing lengths into segments is expected to
help students make sense of the concept in a real-life context by concretizing the division of
12-meter and 18-meter ropes into equal parts. The rainbow representation also illustrates
common divisors by systematizing and visualizing the divisors of two numbers. The combined
use of these two representations allows students to establish a connection between concrete

models and abstract structures.

The written responses of the pre-service teachers were analyzed in accordance with the
MAT.6.1.4 learning outcome. During the analysis process, attention was paid not only to
whether the participants reached the correct answer but also to whether the problem situations
they constructed or selected reflected the intended learning outcome, whether the problem
required a common multiple or a common divisor, and the appropriateness of the selected

concept to the problem context. Additionally, by identifying the types of representations used
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by the pre-service teachers, their thinking processes regarding the context-based interpretation
of the concepts of common multiples and common divisors were examined from a holistic

perspective.

As a result, 41 out of 58 pre-service teachers were able to appropriately design problems
involving common multiples and 37 were able to design problems involving common divisor
using real-life contexts. However, it was determined that some pre-service teachers did not take
into account the fact that the LCM and GCD were not included in the TCEM and created
problems that included these concepts. When evaluating the pre-service teachers’ use of
representations while solving problems, it was determined that they utilized tables, number
lines, the factorization algorithm, and visual models. However, most pre-service teachers
preferred to generate solutions using a single type of representation, and the use of multiple

representations remained limited.

DISCUSSION AND CONCLUSION

This study examined the context-based problems designed by pre-service teachers regarding
the concepts of common multiples and common divisors, together with the mathematical
representations they used while solving these problems. The findings showed that most
participants were able to construct problems within appropriate real-life contexts. However,
some participants designed problems involving the concepts of least common multiple (LCM)
and greatest common divisor (GCD) rather than common multiples and common divisors.
Although the Turkish Century Education Model (MoNE, 2024) emphasizes the concepts of
common multiples and common divisors rather than procedural LCM and GCD calculations at
this grade level, some pre-service teachers continued to associate these concepts with the
procedural knowledge acquired during their previous school experiences. This finding may
indicate that conceptual distinctions between common multiples, common divisors, LCM, and

GCD have not yet been fully established.

The finding that many pre-service teachers were able to create problem situations related to
common multiples and common divisors by using meaningful real-life contexts, particularly
time and measurement, suggests that they were able to relate these mathematical concepts to
familiar daily situations. Such contexts naturally involve repeated events or equal partitioning

situations, making them suitable for developing conceptual understanding of divisibility
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relationships. This finding is consistent with previous studies reporting that context-based
problems facilitate students' understanding of mathematical concepts and support meaningful

problem solving (Albayrak et al., 2006; Dede & Yaman, 2005; Zazkis & Campbell, 1996).

Many of the context-based problems designed by the participants reflected characteristics
described by Benckert (1997), such as being embedded in meaningful real-life situations,
presenting a logical scenario, and requiring a limited number of solution steps. Rather than
explicitly directing students to apply a specific procedure, many problems encouraged students
to determine the appropriate mathematical concept through the given context. Therefore, the
findings of the present study are consistent with Benckert's (1997) emphasis on the role of

meaningful contexts in supporting conceptual understanding.

The present study also examined the mathematical representations used by pre-service teachers
while solving the problems they had created. Although a number of participants used
representations such as tables, number lines, factor algorithms, rainbow models, and fraction
strips, the majority relied solely on procedural calculations without using any representation.
Similar findings have been reported in previous studies emphasizing that learners frequently
rely on procedural approaches when solving mathematical problems (Lithner, 2008). Likewise,
Akin and Ilhan (2020) highlighted the importance of meaningful contexts in supporting the

teaching of common multiples and common divisors.

The limited use of mathematical representations observed in this study suggests that many pre-
service teachers continue to approach these concepts procedurally rather than conceptually.
Ainsworth (2006) argues that multiple representations play an important role in promoting
conceptual understanding by enabling learners to examine mathematical relationships from
different perspectives. Consistent with this view, the findings indicate that only a limited
proportion of the participants employed mathematical representations while solving their

problems, whereas most preferred procedural solution strategies.

When the findings are considered in relation to the emphasis on interpretation in MoNE (2024),
it can be argued that pre-service teachers were generally successful in constructing context-
based problems; however, greater attention should be given to encouraging the use of
mathematical representations and evaluating the mathematical appropriateness of the problems

they construct. Learning environments that encourage students to discuss the mathematical
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structure of the problems they create and to interpret the relationships between problem contexts
and mathematical concepts may contribute to the interpretation skills emphasized in the

curriculum.

In conclusion, this study examined the context-based problems designed by pre-service middle
school mathematics teachers and the mathematical representations they employed while solving
these problems. The findings provide insights into how pre-service teachers relate the concepts
of common multiples and common divisors to real-life contexts and how they use mathematical
representations during problem solving. These findings may contribute to the improvement of
mathematics teacher education by emphasizing the importance of conceptual understanding,
meaningful contexts, and multiple representations in the teaching of these concepts. Based on
these findings, several implications and recommendations for mathematics education and future

research are presented below.

Based on the findings of the study, the following recommendations are offered for mathematics

educators and future research:

1. Instructional activities that emphasize the interpretation of common multiples and
common divisors within meaningful real-life contexts should be incorporated into
classroom practice.

2. Learning environments should encourage students to examine the mathematical
structure of context-based problems and discuss the relationship between the problem
context and the underlying mathematical concepts.

3. Problem situations involving different mathematical structures should be presented
comparatively so that students can distinguish between the concepts of common
multiples, common divisors, least common multiples, and greatest common divisors.

4. Instructional activities promoting the use of multiple mathematical representations, such
as tables, number lines, factor algorithms, rainbow models, and fraction strips, should
be integrated into teaching. Combining different representations may strengthen
students' conceptual understanding of common multiples and common divisors.

5. Collaborative learning environments should be designed to encourage pre-service
teachers to evaluate, compare, and discuss the context-based problems created by their

peers, thereby supporting deeper conceptual understanding and reflective thinking.

158


https://www.ijmtip.com/

https://www.ijmtip.com/

International Journal of Mathematics Teaching and Interdisciplinary Practices (IJMTIP)
Volume 1, Issue 2, July 2026, pp. 137-162

REFERENCES

Albayrak, M., Ipek, A. S. ve Isik, C. (2006). Temel islem becerilerinin 6gretiminde problem
kurma-¢ézme caligmalari. Erzincan Egitim Fakiiltesi Dergisi, 8(2), 1-11.

https://izlik.org/JA38KP32HM

Ainsworth, S. (2006). DeFT: A conceptual framework for learning with multiple
representations. Learning and Instruction, 16(3), 183-198.

https://doi.org/10.1016/j.learninstruc.2006.03.001

Ak, M. F., & ilhan, A. (2020). ilkdgretim matematik dgretmen adaylarinin baglam temelli
problemi Benckert kriterlerine gore degerlendirmesi. Abant Izzet Baysal Universitesi
Egitim Fakiiltesi Dergisi, 20(2), 739-753. https://dx.doi.org/10.17240/aibuefd.2020-
619094

Bage1, T. U., & Ay, Z. S. (2024). 8. smif diizeyinde yaratict drama yontemiyle EBOB ve EKOK

konusunun Ogretimi. Yaratici Drama Dergisi, 19(2), 170-186.

https://doi.org//10.21612/yvader.2024.009

Baumanns, L., & Rott, B. (2021). Rethinking problem-posing situations: A review.
Investigations in Mathematics Learning, 13(2), 59-76.
https://doi.org/10.1080/19477503.2020.1841501

Benckert, S. (1997). Context and conversation in physics education. Project Report 161-97,
Swedish: Council for the renewal of higher education.

Cumming, J. J., & Maxwell, G. S. (1999). Contextualising authentic assessment. Assessment
in  Education:  Principles, Policy &  Practice, 6(2), 177-194.
https://doi.org/10.1080/09695949992865

Cubukludz, O., Adigiizel, T., Gokkurt Ozdemir, B., & Akkaya, R. (2018). Ortaokul 7. Smif
Ogrencilerinin En Biiyiik Ortak Bélen ve En Kiiciik Ortak Kat Konusundaki Bilgi

Olusturma Siireglerinin RBC+C Modeli ile Incelenmesi. Journal of Computer and

Education Research, 6(12), 285-319. https://doi.org/10.18009/jcer.459903

Dede, Y., & Yaman, S. (2005). Matematik 6gretmen adaylarinin matematiksel problem kurma
ve problem ¢dzme becerilerinin belirlenmesi [Identification of mathematical problem
posing and problem-solving skills for prospective mathematics teachers’]. Eurasian
Journal of Educational Research, 18, 236-252.

Duman, S. T., & Es, H. (2023). Etkinliklerle carpanlar ve katlar kavramlarinin 6gretimine bazi
ogrenci Ozelliklerinin etkisi. Tirk Egitim Bilimleri Dergisi, 21(3), 1580-1604.
https://doi.org/10.37217/tebd.1329295

159


https://www.ijmtip.com/
https://izlik.org/JA38KP32HM
https://doi.org/10.1016/j.learninstruc.2006.03.001
https://dx.doi.org/10.17240/aibuefd.2020-619094
https://dx.doi.org/10.17240/aibuefd.2020-619094
https://doi.org/10.21612/yader.2024.009
https://doi.org/10.1080/19477503.2020.1841501
https://doi.org/10.1080/09695949992865
https://doi.org/10.18009/jcer.459903
https://doi.org/10.37217/tebd.1329295

https://www.ijmtip.com/

International Journal of Mathematics Teaching and Interdisciplinary Practices (IJMTIP)
Volume 1, Issue 2, July 2026, pp. 137-162

Duval, R. (2006). A cognitive analysis of problems of comprehension in a learning of
mathematics. Educational Studies in Mathematics, 61, 103-131.
https://doi.org/10.1007/s10649-006-0400-z

Goffman, E. (1974). Frame analysis: An essay on the organization of experience. Northeastern
University Press.

Gokgen, E. (2009). Ortak bolenler ve katlar konusunun oyun ile ogretiminin basariya etkisi
(Yaymmlanmamus yiiksek lisans tezi). Canakkale Onsekiz Mart Universitesi.

Glynn, S., & Koballa, T. R. (2005). The contextual teaching and learning instructional
approach. In R. E. Yager (Ed.), Exemplary science: Best practices in professional
development (pp. 75-84). National Science Teachers Association Press.

Hiebert, J. (2003). What research says about the NCTM standards. In J. Kilpatrick, G. Martin,
& D. Schifter (Eds.), A research companion to principles and standards for school
mathematics (pp. 5-26). National Council of Teachers of Mathematics.

Hiebert, J., & Carpenter, T. P. (1992). Learning and teaching with understanding. In D. A.
Grouws (Ed.), Handbook of research on mathematics teaching and learning (pp. 65—
97). New York: Macmillan.

Hill, A. M. (1998). Problem solving in real-life contexts: An alternative for design in technology
education. International Journal of Technology and Design Education, 8(3), 203-220.
https://doi.org/10.1023/A:1008854926028

Hurst, C., Hurrell, D., & Huntley, R. (2021). Factors and multiples: Important and

misunderstood. International Online Journal of Primary Education, 10(2), 273-286.
https:/files.eric.ed.gov/fulltext/EJ 1334962 .pdf

Keyik, N. (2023). 6. sinif ogrencilerinin ¢arpan ve kat kavramlarini gercek¢i matematik egitimi
ortaminda olusturma siirecleri (Yiiksek Lisans Tezi). YOK Tez Merkezi veri
tabanindan erisildi (Tez No: 790650).

Lithner, J. (2008). A research framework for creative and imitative reasoning Educational
Studies in Mathematics, 67(3), 255-276. https://doi.org/10.1007/s10649-007-9104-2

Martinez, S., Gonzalez-Calero, J. A., & Arnau, D. (2022). Influence of problem context on

students” use of the greatest common divisor. Mathematics, 10(8), 1325.

https://doi.org/10.3390/math10081325

Merriam, S. B. (1998). Qualitative research and case study applications in education. Jossey-

Bass Publishers.

160


https://www.ijmtip.com/
https://doi.org/10.1007/s10649-006-0400-z
https://doi.org/10.1023/A:1008854926028
https://files.eric.ed.gov/fulltext/EJ1334962.pdf
https://doi.org/10.1007/s10649-007-9104-2
https://doi.org/10.3390/math10081325

https://www.ijmtip.com/

International Journal of Mathematics Teaching and Interdisciplinary Practices (IJMTIP)
Volume 1, Issue 2, July 2026, pp. 137-162

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded sourcebook
(2nd ed.). Sage Publications.

Milli Egitim Bakanlig1. (2024). Ortaokul matematik dersi 6gretim programi (5, 6, 7 ve 8.
siiflar): Tiirkiye Yiizyili Maarif Modeli.

Schoenfeld, A. H. (1985). Mathematical problem solving. Academic Press.

Schoenfeld, A. H. (1992). Learning to think mathematically. In D. A. Grouws (Ed.), Handbook
of research on mathematics teaching and learning (pp. 334-370). Macmillan.

Stylianides, A. L. (2007). Proof and proving in school mathematics. Journal for Research in
Mathematics Education, 38(3), 289-321. https://doi.org/10.2307/30034869

Vergnaud, G. (1983). Multiplicative structures. In R. Lesh & M. Landau (Eds.), Acquisition of

mathematics concepts and processes (pp. 127—-174). Academic Press.

Yackel, E., & Hanna, G. (2003). Reasoning and proof. In J. Kilpatrick et al. (Eds.), A research
companion to principles and standards for school mathematics (pp. 227-236). NCTM.

Yin, R. K. (2018). Case study research and applications: Design and methods (6th ed.). SAGE
Publications.

Zazkis, R., & Campbell, S. (1996). Divisibility and multiplicative structure of natural numbers:
Preservice teachers’ understanding. Journal for Research in Mathematics Education,

27(5), 540-563. https://doi.org/10.5951/jresematheduc.27.5.0540

161


https://www.ijmtip.com/
https://doi.org/10.2307/30034869
https://doi.org/10.5951/jresematheduc.27.5.0540

https://www.ijmtip.com/

International Journal of Mathematics Teaching and Interdisciplinary Practices (IJMTIP)
Volume 1, Issue 2, July 2026, pp. 137-162

Ethical Approval

This study was approved by the Ethics Committee of Pamukkale University (Approval No: E-
93803232-622.02776733).
Funding

Not applicable.
Conflict of Interest

None declared

162


https://www.ijmtip.com/

