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How do pre-service mathematics teachers resolve proportion tasks? Focus on
the problem-solving strategy

Rani Sugiarni'?, Tatang Herman!?, Didi Suryadi?, Sufyani Prabawanto?

Abstrak Penyelesaian soal perbandingan belum sepenuhnya memasukkan berbagai strategi yang
tepat. Penelitian ini bertujuan untuk mengidentifikasi dan menganalisis strategi yang digunakan
calon guru matematika dalam menyelesaikan masalah perbandingan. Penelitian ini menggunakan
metode kualitatif dengan desain fenomenologis. Partisipan penelitian ini berjumlah 29 mahasiswa
calon guru matematika yang telah mempelajari konsep perbandingan. Data dikumpulkan
menggunakan teknik tes, wawancara, observasi, dan studi dokumen. Data dianalisis secara bertahap,
mulai dari pengumpulan data, reduksi data, penelaahan data, dan penarikan kesimpulan. Hasil yang
diperoleh berupa uraian tentang teknik-teknik yang digunakan dalam menyelesaikan tugas terkait
materi perbandingan. Mahasiswa calon guru matematika sebagian besar menggunakan strategi cross-
product dalam menyelesaikan tugas perbandingan. Hasil penelitian ini dapat digunakan sebagai
kerangka kerja untuk mengembangkan hypothetical learning trajectory dari materi perbandingan
untuk mahasiswa calon guru matematika di masa yang akan datang.

Kata kunci Calon guru matematika, Tugas perbandingan, Strategi pemecahan masalah

Abstract Problem-solving for proportion tasks has not fully incorporated various appropriate
strategies. This study aimed to identify and analyze the strategy used by pre-service mathematics
teachers in solving proportion problems. This research used a qualitative method with a
phenomenological design. The participants of this study were 29 pre-service mathematics teachers
who had learned the concept of proportion. Data were collected using tests, interviews, observation,
and document study techniques. Data were analyzed in the following stages: data collection, data
reduction, data review, and conclusions. The results obtained were in the form of a description of the
techniques used in solving proportion tasks. The pre-service mathematics teachers were mostly
employing the cross-product strategy in solving proportion tasks. The results of this study can be
used as a framework to develop the hypothetical learning trajectories of proportion material for pre-
service mathematics teachers in the future.

Keywords Pre-service mathematics teacher, Proportion task, Problem-solving strategy

Introduction

Proportions are two equivalent ratios (Musser et al., 2014). The two ratios represent a
comparison of relative values in different amounts. Proportion is the basis that will be used in
discussing further mathematical topics (Bintara & Suhendra, 2021). Proportion is a fundamental
skill that serves as the basis for advanced mathematical concepts such as algebra, calculus,
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geometry, and probability (Cox & Root, 2020). In addition to being a foundation in advanced
mathematics, the concept of proportion also has an influence on developing students' knowledge
and skills (Misnasanti et al., 2017).

The influence of students' knowledge and skills in solving proportion problems has a strong
connection to daily life experiences and is important for achieving proficiency in more advanced
mathematical ideas (Rosyidi & Hasanah, 2022). The ideas of ratio and proportion are frequently
encountered by students in their daily lives, giving them a significant focus of study in
mathematics education (Pratiwi & Sudihartinih, 2021). The significance of proportion in
acquiring mathematical knowledge has been underscored, particularly within the framework of
realistic mathematics education (Bintara et al., 2020). Understanding the concept of proportion
requires proportional reasoning. Proportional reasoning is included in the component of
mathematical ability, namely logical thinking and is an important thing to be mastered by
students and teachers (Weiland et al.,, 2021). Proportional reasoning is important in
understanding many situations in mathematics and in everyday life (Arican et al., 2018).

Proportion is a fundamental skill in mathematics education, serving as a bridge between
basic arithmetic and more advanced mathematical concepts (Lutfi et al., 2022). Proportional
involves a range of mathematical concepts, including fraction equivalency, division, place value,
percentage calculations, and measurement conversions (Supply et al., 2023). It is considered
crucial for students to develop a strong grasp of proportional reasoning as it forms the foundation
for understanding and studying mathematical material (Lutfi et al., 2022). Researchers found
that pupils had trouble understanding and drawing representations of quantitative relationships,
especially those containing relational proportion (Permatasari et al., 2021). According to the
studies, kids had a hard time with three things: answering questions, predicting patterns, and
chunking data. In addition, proportionate reasoning includes the ability to manipulate verbal and
arithmetic analogies, as proposed (Sari et al., 2023). Teachers are essential in facilitating diverse
learning opportunities for proportional reasoning, including modifying the percentage bar model
(Buscher, 2021). Moreover, the COVID-19 pandemic has had an impact on pupils' ability to
reason proportionally in mathematics (Rohati et al., 2021).

Recent studies have demonstrated that students’ capacity to make well-informed financial
choices is influenced when they employ additive techniques in proportional scenarios that
necessitate comparisons (Scheibling-Seve et al., 2022). Furthermore, proportional reasoning is
essential for higher-level math classes, providing access to higher education and employment
opportunities (Cox & Root, 2020). Some of the math topics that require proportional reasoning
include algebra, fractions, percentages, geometry, data graphing, and probability (\Van de Walle
et al., 2014). Seeing the number of mathematical topics that require proportional reasoning
ability, Pyper (2014) suggests that this ability is one of the important factors in the development
of individuals to understand mathematics. Based on this, mastery of proportional reasoning
ability will also affect students' mathematical achievement.

Many studies are commonly investigate the students proportional reasoning (Arican, 2019;
Ayan-Civak et al., 2023; Burgos et al., 2022; Diba & Prabawanto, 2019; Yanti et al., 2023), yet
only few of them were concerned on the teachers and pre-service teachers proportional
reasoning. The teachers’ proportional reasoning ability certainly affects the way they will
transfer the mathematical knowledges to the students (Copur-Gencturk et al., 2022). In this case,
the students’ mathematical understanding on proportion concepts is determined by the
appropriate topics selected by the teachers. In line with that Dejene (2020) states that the things
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that a teacher considers to achieve his desired goals are the teacher's conception of teaching
itself. The incompatibility between the beliefs and conceptions of teachers with the vision that
directs the curriculum is one of the factors that hinder the implementation of the curriculum in
accordance with the mission that has been set.

Several recent studies have shown that teachers have poor skills in solving proportion
problems as well as experience the same difficulties as students (Burgos & Godino, 2022). The
teachers only rely on strategies on calculation procedures, such as cross-multiplication and the
use of incorrect strategies (Fernandez et al., 2012). They do not focus on the fixed relationship
between two quantities standing together, while also having difficulties to relate the two
quantities in the proportion task (Arican, 2019b).

Regarding a direct and inverse in the proportion concepts, the teachers usually pay attention
to qualitative relationships and the fixed rate of change (Arican, 2019a). The pre-service teacher
students who were able to solve problems involving proportional situations were unable to
provide an argument underlying the usage of their own strategies. Johar et al. (2018) asserted
that the lack of proportional reasoning ability of pre-service teacher students is because they are
accustomed to focusing and memorizing the steps to get the solution of a problem while they
were at school level. Similarly, the study by Grace-Bridges (2019) shows that pre-service
mathematics teachers are still having difficulty on the representations of ratios and providing the
inappropriate arguments when explaining their solutions.

As for previous research that focused on pre-service teachers using 10 proportion tasks
involving missing value problems, they are also struggling to argue the reason underlying the
technique to solve non-proportional relationships and proportion tasks (Arican, 2019b; 1zsak &
Jacobson, 2017). A similar argument was presented by Joshua & Lee (2022) who concluded that
the pre-service mathematics teachers employ only one strategy when solving proportion tasks.
Based on the limitations and findings of previous research, we can propose a new problem
context dimension that not only investigates the “what” and “how” but also explores the “why”
and “when” aspects in selecting and implementing the appropriate strategy to solve proportion
tasks. Despite the importance of proportion concepts in mathematics education research, the
study on pre-service mathematics teachers’ knowledge and perceptions of proportion tasks is
quite rare. Based on these facts, this study aims to identify the activities that pre-service teacher
secondary school perform as well as the difficulties and the strategies they determine in solving
proportion tasks.

Theoretical review
Proportion

Proportion is defined as a statement about the equality of two ratios (Johar etal., 2017). The
concept of ratio has been defined differently by Euclid and Euler. In Euclid's book, the ratio is
described as a relationship in terms of size between two equal quantities, where the quantities
have ratios to each other that, when multiplied, can exceed each other (Grattan-Guinness, 2004;
Simson, 1838). On the other hand, Euler in his book "Elements of Algebra™ categorizes ratios
into arithmetic ratio, which is the difference between two numbers, and geometric ratio, which
represents how many times one number is greater than another number. Geometric ratios are
obtained by dividing an antecedent by a consequent, and this concept involves considering the
antecedent, consequent, and ratio resulting from the division (Williams, 2019). Proportion is the
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concept of equality between two ratios, enriched by historical interpretations ranging from
Euclid's size relationship to Euler's distinctions between arithmetic and geometric ratios.

When discussing ratios, it is certainly inseparable from one of the most frequently used
strategies to solve them, namely the "rule of three." The "Rule of three" can be expressed in
modern algebraic notation as follows (Madden, 2018):

.. .. a c b.c
For every positive number a,b,c,x if 5 % then X = ”

The ancient Babylonian artifacts provide evidence of the existence of the concept of ratio
and proportion in ancient times. The artifacts exemplify the application of a rule to determine
the value of x, given that a, b, and c are known variables in a transaction (Lin et al., 2020). For
example, the price of one unit of an item is denoted as b silver coins. If ¢ units of the item are
being purchased, the total price is calculated by multiplying b and c, and then dividing by a. This
ancient practice demonstrates the presence of the notion of ratio and proportion in ancient times,
despite the fact that the people of that period may not have had explicit knowledge of this
concept.

Contributions to mathematics from al-Khwarizmi's writings in Baghdad in the early 9th
century, especially the "Treatise on Algebra,” were substantial. By uniting Arithmetic and
Geometry, his contributions not only advanced calculation but also established a brand-new
branch of mathematics (Denning & Tedre, 2021). In order to distinguish between the various
numerical roles, al-"Chapter of Transactions" Khwarizmi's work offers definitions of the Arabic
terms quality evaluation, rate, price, and evaluated quantity. Al-Khwarizmi explained how to
use the "rule of three" in the book "Treatise on Algebra™ in the early 19th century in Baghdad.
In the "Chapter of Transactions" there is the meaning of the words evaluation quality, rate, price
and evaluated quantity which is a translation from Arabic used to distinguish the role of the
numbers used. The writing if notated in mathematics as follows:

quality evaluation evaluated quantity

rate price

Mathematically the ratio is written:

a
a:borzwithb;to

The ability to apply mathematical principles in various circumstances is evident here, laying
the groundwork for future advancements and developments in the field (Denning & Tedre,
2021). The main idea of ratio comes from thinking of the concepts of decimal numbers, fractions,
and percents in a more modern view where basic ideas such as partitioning and division are more
involved. Equivalence, often seen as sameness, can be defined as a similarity, or often referred
to as proportion. Some applications of scale in photographs and maps.

Furthermore, the topic of proportion first entered the school mathematics curriculum in the
12th century AD (Hgyrup, 2005). Proportion is a concept that appears in mathematics and
physical science to describe the relationship between two quantities or quantities. (Borowski &
Borwein, 1989)explain that proportion is a linear relationship between two variable quantities,
or their inverses, where the corresponding elements of the two proportional sets have a constant
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ratio. This means that if we have two sets of data that have a proportional relationship, the ratio
between the matching elements will always remain the same.

Proportionality, in a more detailed way, explains that when two quantities, x and y, are
connected through the equation y = kx, where k is a constant of proportionality, then y is said to
be directly proportional to x (Clapham & Nicholson, 2009). This means that the quantity y will
change in proportion to the change in quantity x. Conversely, if the equation isy = k/x, then y is
said to be inversely proportional to x, meaning that as X increases, y will decrease inversely.
More simply, this proportional relationship can be represented as a linear function y=kx for equal

proportions or y = %x for inverse proportions (Lamon, 2020). In addition to being represented

as a linear function, proportional problems can also be interpreted as problems involving two
equivalent ratios (Ben-Chaim et al., 2012). Ratio is a term that refers to the comparison of two
or more quantities (Lamon, 2020). The two ratios present a comparison of relative values in
different amounts(Musser et al., 2014). Mathematically it can be defined:

a [ .
For example, 5 and Zare two ratios

Then % = % if and only if ad =bc

When four quantities, a, b, c and d, have proportional magnitudes such that a/b= c/d, they
are called proportional. This relationship is often expressed as a is to b as c is to d. In notation
that is no longer commonly used, i.e., in the obsolete notation a : b =c : d. The terms a and d
are known as the extremes, while b and c are referred to as the means in this context. The terms
a and d are known as extremes, while b and c are referred to as averages in this context.
Componendo, dividendo, and convertendo are operations in mathematics that can be used in
proportion equations to produce useful forms. The concept of proportion is important in
understanding and solving problems involving quantities that are comparable to each other.

There are two types of proportions, namely direct proportion and inverse proportion
(Nicholson, 2014). Equivalent comparison is defined as if two quantities x and y are connected
in an equation y=Kkx, where Kk is a constant, then y is called equivalent comparison with X, it can
be written y~x. The constant k is the proportionality constant. It can also be said that changes in
the y value are directly proportional to changes in the x value. If y is plotted based on the x value,
a line graph will be formed. An inverse proportion is defined if y=k/x, then y is inversely
proportional to x. It can be written as y ~ 1/x, and it can be said that the change in the value of y
will be inversely proportional to the change in the value of x. A like-for-like comparison between
two quantities occurs when quantitative changes occur to both equally. In other words, if a
quantity a is multiplied by a factor m, then quantity b must be multiplied by m which is a constant
factor. In this case, the ratio between the first two quantities is equal to the ratio of the second
pair of quantities.

Strategy for solving proportion tasks

Proportion problems can be solved through various strategies, including unit rate strategy,
factor of change strategy, fraction strategy, building-up strategy, and cross-product strategy
(Arican, 2018; Tung, 2020). The categories of informal strategies include unit rate strategy,
factor of change strategy, fraction strategy, and building-up strategy. One of the most commonly
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used informal strategies is the building-up strategy. In this strategy, one establishes a ratio and
extends it to other ratios by using repeated addition (Lamon, 2020). Children spontaneously use
intuitive strategies. Furthermore, researchers have observed that students can solve proportion
issues without explicit instruction, indicating the development of intuitive strategies for handling
proportions (Kent, 2017). While the formal strategy category uses an equation-based approach
(cross-product) as a solution to the highest level of proportional problem solving, If a proportion
problem involves a missing value, both formal and informal strategies can be used for problem
solving, as shown in Figure 1.

The price of 4 kg of apples is Rp20,000.
What is the price paid for 18 kg of apples?

Figure 1. Example of missing value problem

The first informal solution to the unit rate strategy involves determining the value per unit
of a quantity and applying it to calculate comparable values for other units. Research conducted
by Jayasuriya et al. (2019) has shown that this strategy effectively improves students'
understanding of proportional relationships and their ability to solve practical problems related
to ratios and rates. The use of the unit rate strategy is for students to first find the value of one
unit. Once this value is found, the student can calculate the actual value requested. An example
of a solution to the problem presented in Figure 1 with the unit rate strategy is to first calculate
the price for 1 kg of apples, then multiply the price of 1 kg of apples by 18 kg.

The second informal strategy, the factor of change strategy, helps students determine the
ratio of changes between one quantity and another in a proportional relationship. The strategy
can be used to estimate the value of a quantity based on changes in other quantities (Weiland et
al., 2021). The use of the factor of change strategy leads students to find the multiplier factor,
which is then applied to determine the requested value. An example solution to the problem

presented in Figure 1 is to find the relationship between 4 kg and 18 kg. It turns out that 18 kg

=2x4 kg. This means thatg is the multiplier, so that if 4 kg costs Rp 120.000, then for 18 kg

2
the price is 2  120.000 = Rp 540.000,-.

The third informal strategy, the fraction strategy, utilizes fractions to represent proportional
relationships and solve proportional problems by applying fraction properties. Previous research
Gabriel et al. (2013) has emphasized the significance of this strategy in enhancing students'
understanding of proportional reasoning and their ability to solve complex proportion problems
involving fractions. The use of the fraction strategy leads students to consider the ratio formed
as a fraction, so that to determine the requested value, students only need to apply the fraction
equivalence rule, which is multiplying or dividing the numerator and denominator by the same
number. To find a solution to the problem presented in Figure 1, the first step is to form a ratio
that expresses the comparison between the known values, specifically the comparison between

apples and prices. The fraction formed is 1204000. Furthermore, to find the price of 18 kg of apples,

it can be done by multiplying or dividing the numerator and denominator by the same number
until the numerator reaches 18. When the numerator has reached 18, the number contained in
the denominator is the asking price.
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The fourth most common informal building-up strategy involves the gradual construction
or magnification of one quantity to achieve a proportional relationship with another quantity.
This strategy assists students in understanding the concept of proportion and enhances their
ability to solve problems involving the construction or proportional magnification of quantities
(Yuetal., 2020). Building-up strategies are often known as intuitive strategies. Students dabble,
simulate, list, and look for patterns. Example the problem presented in Figure 1 can be solved
with the building-up strategy as follows:

4kg — Rp 120.000,-
18kg = 4kg + 4 kg + 4kg + 4kg + 2kg
then the price of 18 kg:
120.000 + 120.000 + 120.000 + 120.000 + 60.000 = 540.000

The formal solution is the cross-product strategy, a formal strategy that uses a standard
algorithm that involves creating an equation for two ratios, one of which has an unknown
quantity, cross-multiplication, and solving the equation for the unknown quantity (Tung, 2020).
The cross-product strategy is a common approach used in solving proportional problems by
multiplying the product of the corresponding components of two proportional quantities.
Research shows that teachers often use formal strategies, such as assigning proportions, to solve
proportional reasoning problems (Brakoniecki et al., 2021). So, the cross-product strategy is the
most commonly used strategy because of its highly efficient process. Based on this, the solution
to the problem presented in Figure 2 is:

4 120.000
—=———& 4x = 2.160.000 & x = 540.000
18 X
So in this research the strategies we will investigate are unit rate strategy, factor of change
strategy, fraction strategy, building-up strategy, and cross-product strategy in solving proportion
problems. The application of these strategies can be used as an alternative to support the
performance of students, prospective mathematics teachers, and mathematics teachers in solving
problems related to proportional reasoning. The strategies used also provide insight into the
diverse approaches students use to solve proportion problems (Karli & Yildiz, 2022). Thus, it
can be concluded that proportion is the relationship between two or more equivalent ratios. The
relationship in this proportion problem can be divided into two types, namely equal direct
proportion and inverse proportion.

Methods

This research uses a qualitative approach which aims at in-depth understanding of the
phenomena and exploring individual perspectives and experiences in social, cultural, and
historical contexts (Creswell, 2017). The type of qualitative design used is phenomenology.
Phenomenological research design aims to explore a subject by conducting interviews or
observations to order to gain a detailed understanding of the phenomenon under study (Gill,
2020). The phenomenon to be investigated in this study is related to the proportion assignment
work given to the pre-service mathematics teachers (PMT) of the university in Indonesia.

The participants in this study were 29 pre-service mathematics teachers (PMT). The
participants were in the second year of their program in Mathematics Education Department.
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The selection process of participants was based on the consideration that the PMT students had
studied the proportion content with the aim of being the main source for gathering the data. The
proportion concept is part of school mathematics curriculum and one of the early algebra topics.
Many proportion problems can be solved through various solution strategies. The research place
was determined with consideration to facilitate the research process because it was in the same
location as the researcher. All participants first read about the rules of the research to be carried
out. In addition, participants were willing to be participants in this study. This research was
conducted in accordance with the Helsinki guidelines, and the protocol was approved by the
Ethics Committee of Universitas Pendidikan  Indonesia  with the  number
6003/UN40.F4.D1/KM/2023.

The instruments used in this study include proportion test items, interviews, and
documentation, which were designed to collect the data of the strategies used by the PMTs in
solving proportion problems. The proportion test, consisting of two items. The first item of the
test explores the strategies used by the participants in solving direct proportion task, while the
second test item aimed to uncover how they were dealing with inverse proportion problems
(Tabel 1). To complement the data from the test, interviews were conducted to further explore
the PMT understanding and strategies. The interview aimed to explore PMT understanding of
proportion concepts, the approaches they have employed, and the rationale behind choosing
certain strategies. The interview questions included: (1) what strategy did you use in solving the
problem?; (2) why did you use that strategy?; and (3) what strategies do you know in solving
comparison problems?

These questions were designed to not only identify the strategies used but also to uncover
any difficulties or obstacles PMT may have encountered. In addition, documentation, which
includes all forms of written or electronic recordings related to the research, including but not
limited to, test recordings, interview notes, and PMT worksheets, played an important role in
providing empirical evidence supporting the research findings and allowing for more in-depth
data analysis. The combination of these methods proportion tests, interviews, and documentation
enabled the researcher to collect comprehensive data on the strategies used by the PMT in
solving proportion problems.

Table 1. Test items for proportion concept

No. Task

1. To travel 125 kilometers, a car needs 10 liters of fuel. If there is still 10 liters of fuel in the
tank and the car will travel 300 kilometers, then the minimum fuel that must be added? try
to solve it in 2 ways!

2. Mr. Ujang will build a house. He estimates that the house will be completed in 15 days by
8 workers. The workers start working at 7 am and finish at 5 pm every day. For some reason,
Mr. Ujang wants to finish the house 5 days faster. Therefore, he added 8 more workers. How
many hours do the workers work each day so that the work is completed on time?

This research outlines a data analysis process that is carried out systematically, including
data collection, data reduction, data analysis, and conclusion. The data collected came from tests
implemented through PMT worksheets, focusing on proportion-related tasks. In the data
reduction phase, a selection was made of the documents based on the PMT answers, where the
answers were classified according to the characteristics of the strategies used. Data analysis
involved an examination of the characteristics of the solution strategies used in the PMT, coupled
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with interviews with a number of PMT who applied various strategies. Conclusions were drawn
by identifying the characteristics of strategies frequently used by PMT. To support the data
analysis process, this study used the qualitative software, Atlas.ti, which facilitates the researcher
in managing and categorizing the PMTs’ responses based on Table 2.

Table 2. Characteristics of proportion strategy

Strategy Characteristics

Cross-product The students’ responses indicate a solution for proportion tasks through the
usage of a variable and the implementation of rule of cross-product.
The students’ responses indicate the existence of relationship between
covariance and invariance.

Unit rate The students’ responses indicate a determination of the value per unit of a
quantity and comparable values for other units.

Factor of change The students’ responses indicate a determination of multiplier factor, which is
then applied to determine the required value.

Fraction The students’ responses indicate the use of mathematical representation to the
problem in fraction form and a determination of the required value through
the implementation of the rule of equivalent fractions.

Building-up The students’ responses involve gradually building up or enlarging both
strategy measures of one quantity to achieve a proportional relationship with the other
quantity.

The students’ responses indicate the usage of pictures or mathematical
models that compatible with the problem.

Findings and Discussion

Task design for direct proportion

In the first problem situation, as shown in Figure 2, in the assignment given on comparative
value in class, the preservice teacher had to solve the task with two strategies with the distance
value at a known car speed and the fuel required for a certain distance.

To travel 125 kilometers, a car needs 10 liters of fuel. If there is still 10 liters of
fuel in the tank and the car will travel 300 kilometers, then the minimum fuel that
must be added? try to solve it in 2 ways!

Figure 2. Task design for direct proportion

In the interpretation of the technique for solving proportion tasks, in the first direct
proportion task situation, PMTs used the cross-product strategy by determining two ratios: from
the distance at a known fixed car speed to the fuel required at a certain distance, and then solving
the equation for the unknown quantity as shown in Figure 2. Almost half of the PMTs,
specifically 10 PMTSs, used the cross-product strategy to solve direct proportion tasks related to

car fuel requirements. For example, M16 in Figure 3 completed determining the ratio of distance

125 _ 300 3000

to car fuel, ST then 125x = 3000 is done by cross-multiplication and x = — = 24

125
liters is obtained, the minimum fuel that must be added is 24 — 10 = 14 liters, which answers

correctly, while 5 PMTs answer incorrectly. For example, M20's basic arithmetic error in Figure
27
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3000

31is 125 = 101, 300 = x, cross-multiplication is obtained 125x = 3000, so x = e = 19.5,

which is the result of an incorrect answer, which results in an incorrect final result of 19.5 —
10 = 9.5, which should be 24 — 10 = 14. PMT errors were also found in M4, M23, M9, and
M18, which could not determine the quantity relationship due to the limitations of the previous
ratio concept.
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Figure 3. PMTSs’ responses to direct proportion task using cross-product strategy

The second direct proportion task situation was solved using the unit rate strategy by 16
PMTs. In this strategy, 10 PMTs can answer correctly and 6 can answer incorrectly. For

example, M16 in Figure 4 completed the direct proportion by determining one unit, %5 =12.5,

which is 1 liter of fuel enough for 12.5 kilometers. So, to determine gasoline fuel for 300
kilometers by dividing 300 by one unit, namely 12.5, the result is 24 liters. The completion of
M16 the first way in Figure 4 shows understanding by using the cross-product strategy, which
is the second way of solving the same result. However, in PMT M24 in Figure 4, the completion

can determine one unit of 125 kilometers divided by 10 liters to 12.5. However, there is

confusion in the solution, namely 300 — 10 = 175, % = 134. In conclusion, the fuel added is

134. PMT determines the difference in distance with gasoline fuel with the wrong calculation as
well, and the impact of the answer also determines the wrong and unclear steps. In this strategy,
accuracy is needed in completing the task of each unit as determined by the appropriate
multiplier.
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Figure 4. PMTS’ responses to direct proportion task using unit rate strategy

The third direct proportion task situation using fraction strategy is the student's answer by
representing the problem in the form of fractions and determining the required value by applying
the rule of equivalent fractions, but there are no students who can use the strategy with fractions.

For example, M8 in Figure 5 forms the distance problem with fuel consumption with %5 x 100

125 185

and 31%0 x 100 without giving the final answer correctly, while M19 writes o with Y with the

wrong answer (see Figure 5).
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Figure 5. PMTSs’ responses to direct proportion task using fraction strategy
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The fourth direct proportion task situation using the equation strategy is using variables and
solving variables in the model in general. However, as exemplified by PMT code M27 with the
solution 125 = 10x, x = % = 12.5 by making the same equation relationship 300 = y (12.5)

so that y = 300. 12.5 = 36 liters, which is then 24 minus 10 liters, so that the remaining fuel
needed is 14 liters (see Figure 6). The wrong answer should be y = % which results in 24.
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Figure 6. PMTSs’ responses to direct proportion task using equation strategy

The fifth direct proportion task situation using the Building Up strategy is the student's
answer by gradually building or enlarging both sizes of one quantity to achieve a proportional
relationship with the other quantity. The PMT answer is built starting from every 125 kilometers
= 10 liters, so that every 25 kilometers = 2 liters, then 50 kilometers = 4 liters, so that the PMT
constructs the proportion of 125 kilometers = 10 liters, 250 kilometers = 20 liters, so that when
300 kilometers = 250 kilometers + 50 kilometers = 20 liters + 4 liters = 24 liters, as exemplified
by the PMT code M3 with the correct answer (see Figure 7).
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Figure 7. PMTSs’ responses to direct proportion task using building-up strategy
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In the context of Task Design for Direct Proportion, various strategies can be utilized,
including the unit rate strategy, factor of change strategy, fraction strategy, building-up strategy,
and cross-product strategy (Lamon, 2020). Within this scenario, five strategies were identified
among PMT. Primarily, the cross-product strategy was preferred by many due to its efficiency.
PMT Teachers typically initiate the process by forming two equivalent ratios, followed by a
cross-multiplication procedure, and concluding with a division procedure. Most of the PMTs
used the cross-product strategy to solve direct proportion problems. Based on an interview with
one of the PMTs who explained that he used the cross-product strategy, the following is his
statement:

Q : What strategy did you use to solve the problem?

M13 : The cross-product method.

Q :Whydid you use that strategy?

M13 : I learned the cross-product method at school.

Q : What strategies do you know for solving comparison problems?

M13 : There are many, but | only know the cross-product method.

PMT explained that the cross-product strategy is often used because of the experience she
gained when being taught by teachers at school. Second, the Unite Rate Strategy was also the
choice of PMT in solving the Direct Proportion Design Task by finding the value of one unit
first and then determining the specified value. Based on an interview with one of the PMTs who
explained that he uses the unit rate strategy, the following is his expression:

Q : What strategy did you use to solve the problem?

M10 : I started by determining one unit first, and then I multiplied by that unit.

Q : Why did you use that strategy?

M10 : It's easier.

Q : What strategies do you know for solving comparison problems?

M10 : comparison formula.

This unit rate strategy is the choice of some PMTs because it is easy to determine other
larger units. The third PMT attempted to use the Fraction Strategy but was not precise in
determining the rule for fraction equality, which involves multiplying or dividing both the
numerator and denominator by the same number. Meanwhile, the fourth PMT tried using the
Equation Strategy, treating it as a linear function y = kx. However, this PMT was unable to
correctly identify the x and y variables, and therefore could not solve the problem correctly.
Below is an interview with the PMT who used the Equation Strategy:

Q : What strategy did you use to solve the problem?

M27 : | used the equation, but it was wrong to determine the variable.

Q : Why did you use that strategy?

M27 : | remembered the equation.

Q : What strategies do you know for solving comparison problems?

M27 : | use equations, but sometimes | use comparisons.

Fifth PST tried with the building up strategy, namely trying to find a pattern of 125 km it
takes 10 liters, meaning that every 25 km takes 2 liters, so the multiples are 125 km +125 km it
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takes 10 liters + 10 liters. Then for 300 km = 125 +125 + 25(2) it takes 10 liters +10 liters + 4
liters. So 300 km requires 24 liters. Below is an interview with the PMT who used the building
up strategy:

Q : What strategy did you use in solving the problem?

M3 :justtryit

Q : Why did you use that strategy?

M3 : Using logic, it is easier to determine what is asked.

Q : What strategies do you know in solving comparison problems?

M3  :using colon, a:b

The Direct Proportion Design task can use the technique of a ratio table interpreted on a
graph but this was not used by PMT. PMT can create a ratio table from what is known and what
is asked as in Table 3.

Table 3. Ratio table

Distance (km) 125 300
Gasoline quantity (Litre) 10

The factor of change strategy leads students to find the multiplying factor which is then
applied to determine the required value. Based on this, the solution to the problem presented in
Figure 1 is to find the relationship of 125 km and 300 km. It turns out that 300 km =

% % 125 km. This means that % is the multiplier factor, so if 125 km needs 10 liters of gasoline

then for 300 km the need is % X 125 km = 24 liters. Based on the results of answers and

interviews with PMT, it was revealed why PMT solve direct proportion problems using various
strategies. Most of them, in solving proportion problems, are influenced by learning experiences
that affect the solution process. PMT mostly used the cross-product strategy as the main solution
in solving it. In addition to the variety of strategies found by PMT, there are also errors or
difficulties experienced in working on direct proportion problems.

The difficulties of PMT in completing Direct Proportion tasks are found in the confusion in
basic arithmetic, non-patterned relationships, adaptive strategies in solving difference problems,
and experimentation with equation strategies among PMT. The findings in these errors align
with the research of (Joshua & Lee, 2022). Common errors that arise cannot be considered as
simple unit or rounding errors. More precisely, these errors reflect issues in how respondents
think about quantity, word problems, and the nature of mathematics itself. Arican, M. (2019)
also found that prospective teachers have difficulties in representing and interpreting
proportional and non-proportional relationships, with a focus on solutions or procedural steps.
The research also highlights difficulties in understanding the requirements of statements, the
context of problem situations, and the mathematical procedures involved in task resolution, as
found by Burgos & Godino (2020). Such difficulties are also manifested in the challenges of
solving irregular number problems, as expressed by Arican & Ozcakir (2021).

The issues related to direct proportion can be presented through various strategies, including
unit price strategy, change factor strategy, fraction strategy, development strategy, and cross-
product strategy. Equivalence strategies, ratio tables, and graphs are also part of the strategies.
PMT students were found to use the cross-product strategy as one of their main strategies.
According to Son & Lee (2021) research, the solution strategies applied by prospective teachers
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and the determination and representation of relationships are influenced by the context of the
problem. They indicate that prospective teachers excel in determining direct relationships, in
line with the findings of Arican, M. (2020). The difficulties faced by these respondents can
enhance problem solving through the use of proportional formulas, such as the cross-
multiplication strategy, without having to interpret words or answers correctly, as revealed by
(Cabero-Almenara et al., 2020). Thus, these findings overall provide insights into the challenges
faced by prospective teachers in understanding and solving direct proportion tasks. These
strategies serve as alternatives for PMT to enhance their professional competence in the future
when completing direct proportion tasks.

Task design for inverse proportion

In the second problem situation, as seen in Figure 8, in the task assigned to the inverse ratio
value, pre-service mathematics teacher had to complete the task of estimating the number of
workers to build a house with a previously known completion time with a predetermined number
of workers.

Mr. Ujang will build a house. He estimates that the house will be completed in 15
days by 8 workers. The workers start working at 7 am and finish at 5 pm every
day. For some reason, Mr. Ujang wants to finish the house 5 days faster.
Therefore, he added 8 more workers. How many hours do the workers work each
day so that the work is completed on time?

Figure 8. Task design for inverse proportion

In the interpretation of what is requested in the technique of solving the proportion task, in
the first inverse proportion task situation using the cross-product strategy, as shown in Figure 9,
PMT is considering the inverse proportion task based on the comparison of the length of time of
workers with the number of workers needed to solve half using the cross-product strategy,
namely by determining two ratios from the length of time of workers with the same number of
workers. So that one of the two ratios has an unknown quantity with the variable x, perform
cross-multiplication, and solve the equation for the unknown quantity as shown in Figure 9. This
cross-product strategy requires only one person to be able to solve it correctly. For example, M5

in Figure 9 determines the relationship between the length of worker time and the number of

workers, namely —2 = 2: 220 — * The cross-product is 1200 = 160x, and then x = 2= =
10.16 10" 160 10 160
7.5 hours. While 12 PMTs have not answered correctly using the cross-product strategy, for

example, M4 completed with.
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Figure 9. PMTSs’ responses to inverse proportion task using cross-product strategy

Both groups of PMT solved inverse proportion problems using fraction strategies, but with
different errors (see Figure 10). M26 was mistaken because they believed %5 was equivalent to

7:8 and g was equivalent to 1—16 without understanding the meaning of solving fractions. M24

was also wrong because they attempted to form ratios with fractions such as %5 =7 and 1—2 =1.6

without providing adequate explanation for the proportion solution. Meanwhile, M21 erred in

determining the relationship by calculating %as %, then subtracting it to become %
190 ?6, then concluding that % was

interpreted as 12.5 hours. M22 also erred by calculating - T

equal to % and % was equal to % . M19 made a mistake by trying to answer how many hours 16

workers needed in 10 days, using incorrect calculations like %5 %X 10 = 18.75 and % X 18.75 =

11.71, concluding that each worker required 11.71 hours for every 10 days. On the other hand,

. 15 7 75%X56
M8 was incorrect because they calculated 5 XA

as 15.

. . 4200 .
, resulting in 0 which was concluded
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Figure 10. PMTSs’ responses to inverse proportion task using fraction strategy

In the third scenario of an inverse proportion task, illustrated by PMT code M22 and

depicted in Figure 11, the factor of change strategy was employed. However, the PMT

encountered an error in determining the multiplier factor, interpreting 15+ 8 as ? and

calculating %J“S+8 as 9.5 hours. This highlights the challenges faced by pre-service

mathematics teachers in designing tasks and applying appropriate strategies for solving inverse
proportion problems.
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Figure 11. PMTS’ responses to inverse proportion task using factor of change strategy

In the four scenarios of inverse proportion tasks, illustrated by PMT codes M1, M2, and
M25 and depicted in Figure 12, the building-up strategy was utilized. However, all three PMTs
provided incorrect answers. M1 applied the building-up strategy inaccurately, stating that given
15 days for 8 workers, then for 5 days it would be 8 + 8 = 16 workers, resulting in 7 by 5 = 10
hours, and subsequently concluding that 10 4+ 10 = 20 hours were needed. M2 attempted the
building-up strategy by writing 8 X 15 = ... but failed to complete the solution. Similarly, M25
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employed the building-up strategy, knowing that if 15 equals 8 people, which equals 10 hours,
then what about 16 people and 5 days? They attempted to deduce it gradually by considering the
difference, starting from 15 — 5 = 10 days, concluding that the workers must work for 20 hours
per day. These instances underscore the challenge faced by pre-service mathematics teachers in
effectively applying strategies to solve inverse proportion problems.
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Figure 12. PMTS’ responses to inverse proportion task using the building-up strategy

In the fifth inverse proportion task, exemplified by pre-service mathematics teacher code
M13, the Two Variable Linear Equation Strategy was employed, albeit with an incorrect answer
(see Figure 13). M13 attempted to solve the problem by equating 15 days to 8 workers to 8 hours,
then defining the worker variable as x and the hour variable as y. This led to the equations 8x +
10y = 15 and 16x + y = 20, which were solved using the elimination method. Subtracting the

second equation from the first yielded 128x + 160y = 200, and 128x + 8y = 180, resulting
in 152y = 80, and consequently y = 18—502 = 0.52. However, the solution provided by M13 was
incomplete and inaccurate in determining the equations.
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Figure 13. PMTS’ responses to inverse proportion task using two-variables linear equation
strategy
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In the Task Design Inverse Proportion situation, there are 5 strategies found in pre-service
mathematics teacher. First, more people choose the cross-product strategy because the process
is very efficient. Based on an interview with one of the PMT who answered the inverse
proportion task using the cross-production strategy, he revealed the following:

Q : What strategy do you use to solve the problem?

M5 : Cross-product.

Q  :Whydid you use that strategy?

M5 : It's easier to work with.

Q  : What other strategies do you know for solving comparison problems?

M5 : 1 don't know any other strategies.

PMT starts with the formation of two equivalent ratios, then a cross-multiplication
procedure is carried out, and finally a division procedure is carried out. For example, if the two

equivalent ratios are expressed as %5 = Bxﬂthen the cross-product procedure 125x = 3000 then
3000

xX=-—"= 24 liter. The second Unite Rate Strategy was also PMT choice in completing the
Design inverse Proportion Task by finding the value of one unit first and then determining the
specified value. For example % = 12,5 liter then % = 24 liter. The third PMT tried the

Fraction Strategy but was incorrect in determining the fraction equivalence rule, which is
multiplying or dividing the numerator and denominator by the same number. Based on an
interview with one of the PMT who answered the inverse proportion task using the fraction
strategy, he revealed the following:

Q : What strategies did you use to overcome the problem?

M22 : | attempted to minimize the denominator.

Q : Why did you use that strategy?

M22 : | applied logical reasoning to anticipate the outcome of 1/2.

Q : What other strategies are you familiar with for solving comparison problems?

M22 : Most of the time, I utilize the cross-product method.

PMT worked by looking at half of what was known before but could not be precise in

working with this fraction strategy. For example for stategy farcation %5 simplified % =

..X25=300 _ 12X25 _ 30

= =3%¢0 the result is 24 liter. While the fourth PMT teacher tried with
X 2 =00 12 x 2. 24

Equation Strategy as a linear function y = kx in this solution pre-service mathematics teacher
was unable to determine the x and y variables correctly so that he could not solve correctly. y =
kx. The following is an interview with a PMT who answered with an equation strategy:

Q : What strategy did you use to solve the problem?

M13 : Il used equations.

Q : Why did you choose that strategy?

M13 : | remembered the equations.

Q : What strategies are you familiar with for solving comparison problems?

M13 : cross-product, but I'm not sure if it involves cros-products on inverse proportion.

PMT uses an equation strategy because it looks at several questions that can be used as
variables and one of the other variables is determined. Then our y variable represents the distance
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in km and the x variable represents the need for gasoline. % = %then 125x = 10y as 12,5x =

y so that when y = 300 then 12,5 X ... = 300 answer 24 liter. The fifth PST tried with the
Building Up Strategy, namely trying to find a pattern of 125 km needed 10 liters, meaning that
every 25 kg needed 2 liters, so the multiples were 125 km +125 km needed 10 liters + 10 liters.
Then for 300 km =125 +125 + 25(2) it takes 10 liters +10 liters + 4 liters. So, 300 kg requires
24 liters. The following interview with PMT explains that she uses the building up strategy, here
are her expressions:

Q : What strategy did you use to solve the problem?

M1 :I'm not sure what it's called, Mom. | just looked at the question and recognized the

pattern.

Q : Why did you choose to use that strategy?

M1 : It seemed like the best approach at the time.

Q : What strategies are you familiar with for solving comparison problems?"

M1 I can't recall strategy any at the moment, Mom.

The Direct Proportion Design task can use the technique of a ratio table interpreted on a
graph but this was not used by PMT. Pre-service mathematics teacher can create a ratio table
from what is known and what is asked as in Table 3. The factor of change strategy leads students
to find the multiplying factor which is then applied to determine the required value. Based on
this, the solution to the problem presented in Figure 1 is to find the relationship of 125 km and

300 km. It turns out that 300 km = % x 125 km. Meaning that125 is the multiplying factor, so

that if 125 kg needs 10 liters of gasoline then for 300 km the requirement is 1?2 X 125 km =

24 liter.

Based on the results of answers and interviews with PMT about solving inverse proportion
tasks, it was revealed why PMT used various strategies. Most of the inverse proportion problems
were solved using the cross-product method, which was based on learning experiences at school.
However, most of the PMT experienced difficulties in answering inverse proportion problems
because it was difficult to determine the ratio relationship properly, which resulted in errors in
the final result. PMT often encounter difficulties in completing tasks related to inverse
proportions, particularly in determining proportional relationships. Some PMT tend to believe
that solving inverse proportion problems is the same as dealing with direct proportions, using
cross-products without paying attention to the specific issues presented in the problem. As
highlighted by Olmez (2016), difficulties arise in forming proportional relationships and
distinguishing between proportional and non-proportional relationships. According to (Arican,
2019a; Arican, 2020; Arican & Ozcakir, 2021), determining and representing non-proportional
relationships seems to be the most challenging task for pre-service mathematics teachers. When
dealing with inverse proportion tasks, candidates face difficulties in finding mathematical
formulas that can describe the relationship between the compared quantities.

These findings indicate a potential obstacle in their understanding of multiplication
relationships, especially when involving more than two variables (Arican, 2018). These
difficulties further complicate problem-solving through the use of proportional formulas, such
as cross-multiplication strategies, without being able to interpret the words or answers of the
problem correctly (Cabero-Fayos et al., 2020). Burgos et al. (2020) also demonstrate difficulties
in understanding statement requirements, problem situation contexts, and mathematical
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procedures involved in solving tasks. In this regard, pre-service mathematics teachers tend to
use more strategies to solve direct problems than inverse proportion problems (Arican et al.,
2023).

Understanding the difficulties and strategies used by PMT in solving proportion tasks can
serve as a foundation for developing a more effective and tailored learning trajectory to meet
their needs. Targeting specific problem-solving hindrances can lead to the development of
designs that enhance PMT competence in understanding proportion concepts. Furthermore,
knowing the strategies employed by PMT in handling proportion tasks can assist curriculum
developers in crafting more in-depth teaching materials. Integrating proven, effective learning
strategies into curricula can aid teachers and future educators in facilitating a better
understanding of future proportional concepts in the mathematics they will teach. Therefore,
through a profound understanding of the difficulties and strategies of PMT in proportion tasks,
we can enhance the effectiveness of mathematics education and produce more competent
educators ready to face teaching challenges in the classroom.

Conclusion

This study concludes that there are five strategies used by PMTs in solving the proportion
tasks. Among these strategies, PMT preferred the cross-product strategy due to its high
efficiency. However, this approach often caused confusion, particularly regarding the ratio
relationship in tasks involving inverse proportion. It is crucial for PMT to understand the
significance of ratio relationships in such tasks. Specifically, they should start by forming two
equivalent ratios in inverse proportion situations, then perform the cross-product procedure, and
finally execute the division procedure. The failure to follow these steps can exacerbate
confusion.

Moreover, it is important to acknowledge the limitations of this study. Further research is
needed to explore the alternative instructional approaches to address the challenges faced by
PMT in inverse proportion tasks. The limitations of this study encourage further research with a
variety of proportion tasks to provide a more comprehensive understanding. It is also essential
to consider the diverse learning styles of PMT in future studies to ensure that the strategies
developed are effective for different types of learners. The educators are advised to integrate
these findings into the development of hypothetical learning trajectories in the mathematics
curriculum at Lembaga Pendidikan Tenaga Kependidikan (LPTK), especially in the Capita
Selecta Mathematics courses for middle schools. This learning path can play an important role
in equipping future teachers with a variety of strategies to effectively overcome proportion-
related challenges in the classroom.

References

Arican, M. (2018). Preservice middle and high school mathematics teachers’ strategies when solving
proportion problems. International Journal of Science and Mathematics Education, 16(2), 315-335.
https://doi.org/10.1007/s10763-016-9775-1

Arican, M. (2019a). Facilitating pre-service mathematics teachers’ understanding of directly and
inversely proportional relationships using hands-on and real-world problems. International Journal of
Research in Education and Science, 5(1), 102-117. https:/files.eric.ed.gov/fulltext/EJ1198045.pdf

Arican, M. (2019b). Preservice mathematics teachers’ understanding of and abilities to differentiate
proportional relationships from nonproportional relationships. International journal of science and
mathematics education, 17(7), 1423-1443. https://doi.org/10.1007/s10763-018-9931-x

39


https://doi.org/10.1007/s10763-016-9775-1
https://files.eric.ed.gov/fulltext/EJ1198045.pdf
https://doi.org/10.1007/s10763-018-9931-x

Sugiarni et al.

Arican, M. (2020). Investigating preservice teachers’ determination and representation of proportional
and nonproportional relationships in terms of problem contexts. Necatibey egitim fakiiltesi elektronik
fen ve matematik egitimi dergisi, 14(1), 629-660. https://doi.org/10.17522/balikesirnef.683225

Arican, M., Koklu, O., Olmez, 1. B., & Baltaci, S. (2018). Preservice middle grades mathematics teachers’
strategies for solving geometric similarity problems. International Journal of Research in Education
and Science, 4(2), 502-516. https://doi.org/10.21890/ijres.428297

Avrican, M., & Ozgakir, B. (2021). Facilitating the development of preservice teachers’ proportional
reasoning in geometric similarity problems using augmented reality activities. Education and
Information Technologies, 26(2), 2327-2353. https://doi.org/10.1007/s10639-020-10359-1

Arican, M., Verschaffel, L., & Van Dooren, W. (2023). Preservice middle school mathematics teachers’
strategy repertoire in proportional problem solving. Research in Mathematics Education, 1-21.
https://doi.org/10.1080/14794802.2023.2212260

Arican, M. (2019). A diagnostic assessment to middle school students’ proportional reasoning. Turkish
Journal of Education, 8(4), 237-257. https://doi.org/10.19128/turje.522839

Ayan-Civak, R., Isiksal-Bostan, M., & Yemen-Karpuzcu, S. (2024). From informal to formal
understandings: analysing the development of proportional reasoning and its retention. International
Journal of Mathematical Education in Science and Technology, 55(7), 1704-1726.
https://doi.org/10.1080/0020739x.2022.2160384

Ben-Chaim, D., Keret, Y., & llany, B.-S. (Eds.). (2012). Ratio and Proportion (1st ed., Vol. 275).
SensePublishers. https://doi.org/10.1007/978-94-6091-784-4

Bintara, I. A., Herman, T., & Hasanah, A. (2020). Didactical design realistic mathematics education based
on green mathematics in direct & indirect proportions concept at junior high school. Proceeding
International Conference on Science and Engineering, 3, 555-560.
https://doi.org/10.14421/icse.v3.562

Bintara, I. A., & Suhendra. (2021). Analysis toward learning obstacles of junior high school students on
the topic of direct and inverse proportion. In Journal of Physics: Conference Series (Vol. 1882, Issue
1). https://doi.org/10.1088/1742-6596/1882/1/012083

Borowski, E. J., & Borwein, J. M. (1989). Dictionary of mathematics. (No Title).
https://www.abebooks.co.uk/book-search/title/collins-dictionary-of-mathematics/author/borowski-e-
j-borwein-j-m/

Brakoniecki, A., M. Amador, J., & M. Glassmeyer, D. (2021). One task, multiple proportional reasoning
strategies. Mathematics Teacher: Learning and Teaching PK-12, 114(1), 33-40.
https://doi.org/10.5951/mtlt.2019.0276

Burgos, M., Albanese, V., & Lépez-Martin, M. del M. (2022). Prospective primary school teachers’
recognition of proportional reasoning in pupils’ solution to probability comparison tasks. Twelfth
Congress of the European Society for Research in Mathematics Education. https://hal.science/hal-
03751836/document

Burgos, M., Beltran-Pellicer, P., & Godino, J. D. (2020). The issue of didactical suitability in mathematics
educational videos: Experience of analysis with prospective primary school teachers. Revista
Espanola de Pedagogia, 78(275), 27—-49. https://doi.org/10.22550/rep78-1-2020-07

Burgos, M., & Godino, J. D. (2022). Prospective primary school teachers’ competence for the cognitive
analysis of students’ solutions to proportionality tasks. Journal Fur Mathematik-Didaktik, 43(2), 347—
376. https://doi.org/10.1007/s13138-021-00193-4

Biischer, C. (2021). Exploring students’ proportional reasoning in solving guided-unguided area
conservation problem: A case of Indonesian students. International Electronic Journal of
Mathematics Education, 16(3), em0643. https://doi.org/10.29333/iejme/10942

Cabero-Almenara, J., Barroso-Osuna, J., Gutiérrez-Castillo, J. J., & Palacios-Rodriguez, A. (2020).
Validation of the digital competence questionnaire for pre-service teachers through structural
equations modeling. Bordon. Revista de Pedagogia, 72(2), 45-63.
https://doi.org/10.13042/Bordon.2020.73436

Cabero-Fayos, |., Santdgueda-Villanueva, M., Villalobos-Antlnez, J. V., & Roig-Albiol, A. 1. (2020).
Understanding of inverse proportional reasoning in pre-service teachers. Education Sciences, 10(11),
1-19. https://doi.org/10.3390/educsci10110308

Clapham, C., & Nicholson, J. (2009). The concise oxford dictionary of mathematics (oxford paperback
reference).https://secure.nodebox.net/djyzdhost/02-gunnar-barton-dvm-1/the-concise-oxford-
dictionary-of-mathematics-oxf-9780199679591-fngdwxE4heS-NEW.pdf

40


https://doi.org/10.17522/balikesirnef.683225
https://doi.org/10.21890/ijres.428297
https://doi.org/10.1007/s10639-020-10359-1
https://doi.org/10.1080/14794802.2023.2212260
https://doi.org/10.19128/turje.522839
https://doi.org/10.1080/0020739x.2022.2160384
https://doi.org/10.1007/978-94-6091-784-4
https://doi.org/10.14421/icse.v3.562
https://doi.org/10.1088/1742-6596/1882/1/012083
https://www.abebooks.co.uk/book-search/title/collins-dictionary-of-mathematics/author/borowski-e-j-borwein-j-m/
https://www.abebooks.co.uk/book-search/title/collins-dictionary-of-mathematics/author/borowski-e-j-borwein-j-m/
https://doi.org/10.5951/mtlt.2019.0276
https://hal.science/hal-03751836/document
https://hal.science/hal-03751836/document
https://doi.org/10.22550/REP78-1-2020-07
https://doi.org/10.1007/s13138-021-00193-4
https://doi.org/10.29333/iejme/10942
https://doi.org/10.13042/Bordon.2020.73436
https://doi.org/10.3390/educsci10110308
https://secure.nodebox.net/djyzdhost/02-gunnar-barton-dvm-1/the-concise-oxford-dictionary-of-mathematics-oxf-9780199679591-fng4wxE4heS-NEW.pdf
https://secure.nodebox.net/djyzdhost/02-gunnar-barton-dvm-1/the-concise-oxford-dictionary-of-mathematics-oxf-9780199679591-fng4wxE4heS-NEW.pdf

How do pre-service mathematics...

Copur-Gencturk, Y., Baek, C. & Doleck, T. A Closer Look at Teachers’ Proportional Reasoning. Int J of
Sci and Math Educ 21, 113-129 (2023). https://doi.org/10.1007/s10763-022-10249-7

Cox, S. K., & Root, J. R. (2020). Modified schema-based instruction to develop flexible mathematics
problem-solving strategies for students with autism spectrum disorder. Remedial and Special
Education, 41(3), 139-151. https://doi.org/10.1177/0741932518792660

Creswell, J. W. (2017). Introduction to mixed method research (Trans. Ed.: Sozbilir, M) Ankara. Trn.
Ed.: Mustafa Sozbilir. 2nd. Edition, Ankara: Pegem Akademi.

Dejene, W. (2020). Conceptions of teaching & learning and teaching approach preference: Their change
through preservice teacher education program. Cogent Education, 7(1), 1833812.
https://doi.org/10.1080/2331186X.2020.1833812

Denning, P. J., & Tedre, M. (2021). Computational thinking: A disciplinary perspective. Informatics in
Education, 20(3), 361. https://doi.org/10.15388/infedu.2021.21

Diba, D. M. S., & Prabawanto, S. (2019). The analysis of students’ answers in solving ratio and proportion
problems. In Journal of Physics: Conference Series (Vol. 1157, Issue 3). https://doi.org/10.1088/1742-
6596/1157/3/032114

Fernandez, C., Llinares, S., Dooren, W. Van, Bock, D. De, & Verschaffel, L. (2012). The development
of students’ use of additive and proportional methods along primary and secondary school. European
Journal of Psychology of Education, 27(3), 421-438. https://doi.org/10.1007/s10212-011-0087-0

Gabriel, F., Coché, F., Szucs, D., Carette, V., Rey, B., & Content, A. (2013). A componential view of
children’s difficulties in learning fractions. Frontiers in  Psychology, 4, 715.
https://doi.org/10.3389/fpsyg.2013.00715

Gill, M.J. (2020) Phenomenological approaches to research, in Mik-Meyer, N. and Jarvinen, M (Eds.)
Qualitative Analysis: Eight approaches, London: Sage, pp. 73-94.

Grattan-Guinness, 1. (2004). The mathematics of the past: Distinguishing its history from our heritage.
Historia Mathematica, 31(2), 163-185. https://doi.org/10.1016/S0315-0860(03)00032-6

Grace-Bridges, R. (2019). Generation Z Goes to College. In Journal of College Orientation, Transition,
and Retention (Vol. 25, Issue 1). John Wiley & Sons. https://doi.org/10.24926/jcotr.v25i1.2919

Hayrup, J. (2005). Leonardo fibonacci and abbaco culture. A proposal to invert the roles. Revue d 'Histoire
Des Mathematiques, 11(1), 23-56. http://doi.org/10.24033/rhm.24

Izsak, A., & Jacobson, E. (2017). Preservice teachers’ reasoning about relationships that are and are not
proportional: A knowledge-in-pieces account. Journal for Research in Mathematics Education, 48(3),
300-339. https://doi.org/10.5951/jresematheduc.48.3.0300

Jayasuriya, N. A., Hughes, A. E., Sovio, U., Cook, E., Charnock-Jones, D. S., & Smith, G. C. S. (2019).
A lower maternal cortisol-to-cortisone ratio precedes clinical diagnosis of preterm and term
preeclampsia by many weeks. The Journal of Clinical Endocrinology & Metabolism, 104(6), 2355—
2366. https://doi.org/10.1210/jc.2018-02312

Johar, R., Patahuddin, S. M., & Widjaja, W. (2017). Linking pre-service teachers’ questioning and
students’ strategies in solving contextual problems: A case study in Indonesia and the Netherlands.
Mathematics Enthusiast, 14(1-3), 101-128. https://doi.org/10.54870/1551-3440.1390

Johar, R., Yusniarti, S., & Saminan. (2018). The analysis of proportional reasoning problem in the
Indonesian mathematics textbook for the junior high school. Journal on Mathematics Education, 9(1),
55-68. https://doi.org/10.22342/jme.9.1.4145.55-68

Joshua, S., & Lee, M. Y. (2022). Incoherencies in elementary pre-service teachers’ understanding of
calculations in proportional tasks. International Electronic Journal of Mathematics Education, 17(4),
em0698. https://doi.org/10.29333/iejme/12178

Karli, M. G., & Yildiz, E. (2022). Incorrect strategies developed by seventh- grade students to solve
proportional reasoning problems. Journal of Qualitative Research in Education, 22(29), 111-148.
https://doi.org/10.14689/enad.29.5

Kent, L. (2017). Examining mathematics classroom interactions: Elevating student roles in teaching and
learning. International ~ Journal  of  Educational Methodology,  3(2), 93-102.
https://doi.org/10.12973/ijem.3.2.93

Lamon, S. J. (2020). Teaching fractions and ratios for understanding. In teaching fractions and ratios
for understanding (4™ ed.). Routledge. https://doi.org/10.4324/9781003008057

Lin, R. S., Lin, J., Roychoudhury, S., Anderson, K. M., Hu, T., Huang, B., Leon, L. F., Liao, J. J. Z., Liu,
R., Luo, X., Mukhopadhyay, P., Qin, R., Tatsuoka, K., Wang, X., Wang, Y., Zhu, J., Chen, T. T., &
lacona, R. (2020). Alternative analysis methods for time to event endpoints under nonproportional

41


https://doi.org/10.1007/s10763-022-10249-7
https://doi.org/10.1177/0741932518792660
https://doi.org/10.1080/2331186X.2020.1833812
https://doi.org/10.15388/infedu.2021.21
https://doi.org/10.1088/1742-6596/1157/3/032114
https://doi.org/10.1088/1742-6596/1157/3/032114
https://doi.org/10.1007/s10212-011-0087-0
https://doi.org/10.3389/fpsyg.2013.00715
https://doi.org/10.1016/S0315-0860(03)00032-6
https://doi.org/10.24926/jcotr.v25i1.2919
http://dx.doi.org/10.24033/rhm.24
https://doi.org/10.5951/jresematheduc.48.3.0300
https://doi.org/10.1210/jc.2018-02312
https://doi.org/10.54870/1551-3440.1390
https://doi.org/10.22342/jme.9.1.4145.55-68
https://doi.org/10.29333/iejme/12178
https://doi.org/10.14689/enad.29.5
https://doi.org/10.12973/ijem.3.2.93
https://doi.org/10.4324/9781003008057

Sugiarni et al.

hazards: a comparative analysis. Statistics in Biopharmaceutical Research, 12(2), 187-198.
https://doi.org/10.1080/19466315.2019.1697738

Lutfi, A., Basir, M. A., Kusmaryono, |., & Wijayanti, D. (2022). Analysis of proportional reasoning task
in task series book mandiri grade vii. Kontinu: Jurnal Penelitian Didaktik Matematika, 6(1), 64.
https://doi.org/10.30659/kontinu.6.1.64-82

Madden, J. J. (2018). Knowing Ratio and Proportion for Teaching (Y. Li, W. J. Lewis, & J. J. Madden
(eds.); pp. 93-115). Springer International Publishing. https://doi.org/10.1007/978-3-319-61434-2

Misnasanti, Utami, R. W., & Suwanto, F. R. (2017). Problem based learning to improve proportional
reasoning of students in mathematics learning. In AIP Conference Proceedings (Vol. 1868).
https://doi.org/10.1063/1.4995129

Musser, Gary L.; Peterson, Blake E.; Burger, W. F. (2014). Mathematics for elementary teachers: a
contemporary approach 10th edition. John Wiley & Sons.

Nicholson, J. (2014). The concise oxford dictionary of mathematics. The Concise Oxford Dictionary of
Mathematics. https://doi.org/10.1093/acref/9780199679591.001.0001

Olmez, I. B. (2016). Oranlar iizerine iki farkli yaklasim: nicelikler arasindaki toplamsal ve garpimsal
iliskiler. Elementary Education Online, 15(1), 186-203. https://doi.org/10.17051/i0.2016.94175

Permatasari, D., Azka, R., & Fikriya, H. (2021). Exploring students’ algebraic thinking in generational
activities and their difficulties. Beta: Jurnal Tadris Matematika, 14(1), 53-68.
https://doi.org/10.20414/betajtm.v14i1.418

Pratiwi, I. S., & Sudihartinih, E. (2021). Analysis of junior high school students’ mathematical connection
on the ratio and proportion concepts. Edumatika: Jurnal Riset Pendidikan Matematika, 4(1), 59-76.
https://doi.org/10.32939/ejrpm.v4il.753

Pyper, J. S. (2014). Pre-service mathematics teacher efficacy: Its nature and relationship to teacher
concerns and orientation. Alberta Journal of Educational Research, 60(1), 81-97.
https://doi.org/10.11575/ajer.v60i1.55768

Rohati, R., Turmudi, T., & Kusnandi, K. (2021). Students’ proportional reasoning in mathematics through
covid-19 pandemic context. AKSIOMA: Jurnal Program Studi Pendidikan Matematika, 10(3), 1670.
https://doi.org/10.24127/ajpm.v10i3.3873

Rosyidi, A. H., & Hasanah, K. (2022). The construction process of new concept based on apos theory:
male vs female in direct proportion. AKSIOMA: Jurnal Program Studi Pendidikan Matematika, 11(4),
3360. https://doi.org/10.24127/ajpm.v11i4.5706

Sari, Y. M., Fiangga, S., El Milla, Y. I., & Puspaningtyas, N. D. (2023). Exploring students’ proportional
reasoning in solving guided-unguided area conservation problem: A case of Indonesian students.
Journal on Mathematics Education, 14(2), 375-394. https://doi.org/10.22342/jme.v14i2.pp375-394

Simson, R. (1838). The elements of Euclid. Desilver, Thomas.

Scheibling-Seve, C., Gvozdic, K., Pasquinelli, E., & Sander, E. (2022). Enhancing cognitive flexibility
through a training based on multiple categorization: developing proportional reasoning in primary
school. Journal of Numerical Cognition, 8(3), 443-472. https://doi.org/10.5964/jnc.7661

Son, J. W., & Lee, M. Y. (2021). Exploring the relationship between preservice teachers’ conceptions of
problem solving and their problem-solving performances. International Journal of Science and
Mathematics Education, 19(1), 129-150. https://doi.org/10.1007/s10763-019-10045-w

Supply, A. S., Vanluydt, E., Van Dooren, W., & Onghena, P. (2023). Out of proportion or out of context?
comparing 8- to 9-year-olds’ proportional reasoning abilities across fair-sharing, mixtures, and
probability ~ contexts.  Educational  Studies in  Mathematics,  113(3), 371-388.
https://doi.org/10.1007/s10649-023-10212-5

Tung, M. P. (2020). Investigation of middle school students’ solution strategies in solving proportional
and non-proportional problems. Turkish Journal of Computer and Mathematics Education, 11(1), 1-
14. https://doi.org/10.16949/turkbilmat.560349

Van de Walle, J. A, Karp, K. S., & Bay-Williams, J. M. (2014). Elementary and middle school
mathematics. Pearson.

Van de Watering, G., & van der Rijt, J. (2006). Teachers’ and students’ perceptions of assessments: A
review and a study into the ability and accuracy of estimating the difficulty levels of assessment items.
Educational Research Review, 1(2), 133-147. https://doi.org/10.1016/j.edurev.2006.05.001

Weiland, T., Orrill, C. H., Nagar, G. G., Brown, R. E., & Burke, J. (2021). Framing a robust understanding
of proportional reasoning for teachers. Journal of Mathematics Teacher Education, 24(2), 179-202.
https://doi.org/10.1007/s10857-019-09453-0

42


https://doi.org/10.1080/19466315.2019.1697738
https://doi.org/10.30659/kontinu.6.1.64-82
https://doi.org/10.1007/978-3-319-61434-2_
https://doi.org/10.1063/1.4995129
https://doi.org/10.1093/acref/9780199679591.001.0001
https://doi.org/10.17051/io.2016.94175
https://doi.org/10.20414/betajtm.v14i1.418
https://doi.org/10.32939/ejrpm.v4i1.753
https://doi.org/10.11575/ajer.v60i1.55768
https://doi.org/10.24127/ajpm.v10i3.3873
https://doi.org/10.24127/ajpm.v11i4.5706
https://doi.org/10.22342/JME.V14I2.PP375-394
https://doi.org/10.5964/jnc.7661
https://doi.org/10.1007/s10763-019-10045-w
https://doi.org/10.1007/s10649-023-10212-5
https://doi.org/10.16949/TURKBILMAT.560349
https://doi.org/10.1016/j.edurev.2006.05.001
https://doi.org/10.1007/s10857-019-09453-0

How do pre-service mathematics...

Williams, K. (2019). Daniele barbaro on geometric ratio. Nexus Network Journal, 21(2), 271-292.
https://doi.org/10.1007/s00004-019-00444-5
Yanti, A. W., Jaelani, A., Sutini, S., & Kusuma, H. J. (2023). PISA problem solving of student with
proportional reasoning and adversity quotient. AIP Conference Proceedings, 2569(1), 40005.
https://doi.org/10.1063/5.0112543
Yu, S., Kim, D., Fitzsimmons, C. J., Mielicki, M. K., Thompson, C. A., & Opfer, J. E. (2022). From
Integers to Fractions: The Role of Analogy in Developing a Coherent Understanding of Proportional
Magnitude. Developmental Psychology, 58(10), 1912-1930. https://doi.org/10.1037/dev0001398

43


https://doi.org/10.1007/s00004-019-00444-5
https://doi.org/10.1063/5.0112543
https://doi.org/10.1037/dev0001398

