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Abstract: Quantitative reasoning holds a significant place in the realm of mathematical education.
A primary objective shared by manly mathematics educators worldwide is to facilitate the
connection between students' mental faculties and their capacity to address real-life problems
through mathematical means. A fundamental aspect of this endeavor involves nurturing students’
comprehension of quantity, particularly in relation to the characteristics of objects. The central
aim is to empower students to harness their quantitative reasoning capabilities. In the context of
this study, quantitative reasoning denotes the cognitive process employed by individuals when
they identify, interconnect, and formulate novel quantities. Algebra, as a discipline, is now widely
recognized as one that investigates the structures, relationships, and quantities within
mathematics. To enhance students' grasp of algebra and their ability to generalize, a specific
instructional approach is employed. The study targets female students enrolled in a Junior High
School in Makassar and seeks to'scrutinize their quantitative reasoning proficiency in the context
of generalization while considering potential gender disparities. To attain this objective, a
qualitative methodology is adopted, providing insights into students’ %uantitative reasoning
abilities as reflected in their actions when completing assigned tasks. Ultimately, the study's
findings will provide a comprehensive portrayal of how students engage in quantitative reasoning
during the process of generalization, which encompasses stages such as connecting quantities,
identi%ying quantities, and formulating new quantities.

Keywords: Quantitative Reasoning, generalization, and gender.

1. INTRODUCTION

Reasoning is an important process in mathematics teaching. National Council of Teachers of Mathematics
or NCTM [1] states that reasoning is a part of learning mathematics and the ability in reasoning is essential
to understand the mathematics. This is in line with the opinion of Raid [2] which states that “Developing
mathematical reasoning is central to mathematics education, it is one of the five process standards in the
principles and standards for school Mathematics”. If the reasoning ability is not developed, then for the
mathematics students will only be the material in the series of procedures and the students simply imitate
the examples without knowing the meaning. Ball and Bass [3] reveal that understanding of mathematics is
meaningless without any special attention to the reasoning. So it can be said that "something" that can be
used to understand math is reasoning.

In daily life we often encounter problems related to the quantity. Quantity is defined as the quality of
something formed from a measurement process. Developing relationships between the minds and real-life
problems of students that can be solved mathematically is the main goal of many teachers of mathematics
in the worldwide [4]. This happens in schools when teaching mathematics, when students are directed to
do the calculations, they are required to think hard then get the results, so many people think mathematics

is difficult. This is because there is no attention that is given to the development of student's concept of




quantity through the calculation based on the nature of the object, but there should be more ways to look
into the nature of the object to be counted. Therefore, this goal can be achieved by improving students’
attitudes toward the mathematics. Karim [4] states that the improvement of students' attitudes toward the
mathematics will occur if students can use quantitative reasoning.

Today, algebra is known as one of the materials that study about structure, relationship, and quantity.
The learning program up to eleventh grade should enable all students to: understand patterns,
relationships and functions that represent and analyze mathematical situation and structure using
algebraic symbols, using mathematical models to represent and understand quantitative relationship,
analyze the changes in various contexts [5].

Patton and Santos [6] in their research state that some students can not represent the numerical form to
the algebraic form contained in it the use of letters that commonly called as a variable representing a
number. The use of symbols that cannot be interpreted properly by students on the algebra material
become the difficulty that faced by the students. One of the factors influencing the students' inability to
overcome the problem is due to the emphasis that is only focus on strategies to manipulate symbols,
simplify expression, and solve equations so it produces bad output in overcoming difficulties experienced
by students at the time to understand algebra.

Patton and Santos [6] in their research state that some students can not represent the numerical form to
the algebraic form contained in it the use of letters that commonly called as a variable representing a
number. The use of symbols that cannot be interpreted properly by students on the algebra material
become the difficulty that faced by the students. One of the factors influencing the students' inability to
overcome the problem is due to the emphasis that is only focus on strategies to manipulate symbols,
simplify expression, and solve equations so it produces bad output in overcoming difficulties experienced
by students at the time to understand algebra.

The activity in learning algebra should be better not only in manipulating the symbols but also
focusing on reasoning with quantity patterns, and in real world situations. It can be reflected in the
development of a curriculum that supports such activities on algebra subjects [7].

One alternative approach that can be used to introduce the idea of algebra is through quantitative
explorations and relationships [8]. This quantitative reasoning is important in introducing the students to
the algebraic material in learning process, by means of quantitative explorations and relationships when
compared to just focusing on strategies for manipulating symbols, simplifying expressions, and solving
equations. Furthermore, the most important thing is on the generalization aspect. The generalization

aspect involves the investigation to the various quantities and explanation of relationships that occur




between cases in certain situations. In mathematical generalization activities, students think to change the
quantity based on an activity performed [9]. This means that someone will try to find rules that change
certain numbers and see whether the rules be valid when used in a wider context. Strengthening students’
ability to make strong generalizations is supported by the National Research Council which notes that in
addition to manipulate symbols, algebra should also include representational activities, generalizations
and justifying activities [10].

This research will analyze the students' quantitative reasoning in generalizing in terms of gender
differences. Quantitative reasoning in this research is the mental activity undertaken by a person in
identifying quantities, connecting quantities, and building new quantities. To see the students' quantitative

reasoning in generalizing ability can be observed through the table 1.1 below:

TABLE 1.1 QUANTITATIVE REASONING IN GENERALIZING

Generalizat The Activity of Quantitative Reasoning in Generalizing
ion Types

How students:
Relating  Find a similar problem with a given problem previously.

Relate of mathematical problems that are given.

Searching How students:
Detect a fixed relationshig between two or more objects.
Search the strategies and procedures to detect the relationship between
two or more objects.
Test whether the detected pattern is the same for the given problem
(looking for the same pattern).
Test whether the solutions obtained are the same.

Extending How students:
Repeat the existing pattern to obtain a common equation.
Find a new situation based on the situation that are given.

2. METHODOLOGY

Subjects in this research are students of Junior High School in Makassar City, Indonesia who have the ability
to communicate well and female gender. This research is case study research with qualitative approach
analysis which aims to describe deeply about the quantitative reasoning of junior high school students in
generalizing. To achieve that goal, subjects are given a mathematical task to be completed. This research
was conducted at SMPN in Makassar City, Indonesia, involving 120 students who are in grade IX. After
solving the problem, 120 students were given a questionnaire regarding their quantitative reasoning
abilities in generalizing. From the questionnaire results, the researcher is selected students with female
gender, ability in mathematics equivalent and good communication skills both to be the subject of research
and interviewed to get the data. To get the valid data, then the researcher does the data validation. One of

the validation procedures in qualitative research that can be done is triangulation. Validation of data in this




way is done by checking repeatedly in different times. This is called time triangulation. Data from the
interview results are analyzed and then described in written words. During the interview, the researcher
encourages students to explain their thoughts in order to get a picture of their quantitative reasoning
process in generalizing,

2.1 Instrumentation

The researcher is the main research instrument in this research. This research also uses supporting
instruments to obtain the subject, namely: (a) pre-test which is taken from the UN (National Exam), (b) to
obtain the data, this research used a guideline of structured interview which consists of questions to
explore aspects of quantitative reasoning subject; (c) the task as a mathematical problem is presented as

below:

A traditional cake shop Makassar wants to produce delicious Barongko. To produce 12 packs of Barongko
cake need the following ingredients:

No Ingrediants Amount
1. Kepok Banana 10 seeds

2. Eggs 6 grains

3. Sugar 300 gram

4. Coconut Milk ml (1 coconut)

Determine the number of Kepok banana, eggs, sugar and coconut milk, if it will be make n-packs of
Barongko?.

3. RESULTS AND DISCUSSION

3.1. Result

In this section, we will discuss the results obtained from female subjects related to the students'
quantitative reasoning in generalizing and will be described as follows:

The first stage is relating: the ability to find a similar problem with a given problem previously. Here the
subject is seen trying to rediscover information related to a similar problem, here the subject is able to
write down a similar problem but not completely what the subject has obtained. For more details, this can

be described based on the interview results conducted by researcher to the subjects of women below:

Researcher : have you ever got a problem like this??? in daily life or ever studied....
Subject : L have ever.
Researcher :could you mention the examples Nurul ..come on Nurul

(long enough time to mention)
try to write here Nurul, the examples of problems that you ever got...
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Fig 1. Examples of problems that have been obtained by the subject.

From the interview above, it can be stated that at the stage of relating a similar problem to the previous
problem, the subject was able to remember and write down the problem according to the problem given.
The problem is related to daily life in the process of making a building. Furthermore, the ability of subject
to make the relationship of the mathematical problem/situation that is given. At the stage of mentioning
the numbers or materials contained in the given situation, the subject was able to recount all the
information contained in the assigned task by using her own words in sequence and the subject could name
the main points of the given task. When the student is oriented with the problem given, the subject is able
to write down the problem in algebraic form. This can be seen from the results of answers made by the
subject.
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Fig 2: The subject writes problems in algebraic form.

Stillin the stage of Relating, the subject is able to identify the relationship between the values contained in
the given situation, the subject is able to explain the relationship between those values by saying that if we
change the amount of cake to be made it means the ingredients, we need to make the cake Barongko will
also change. For more details, this can be illustrated by interviews from female subject with the following

research:

Researcher : how many would it be, if 6 packs of Barongko will be made?
Subject : hmmm.... the 5 seeds of banana, 3 eggs, 100 gram of sugar, and 125 ml of coconut milk
From the interview above, according to the subject, there is a relation between the ingredients used in

making Barongko cake with the number of cakes that produced. This can also be seen from the answers

made by the subject below:
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Fig 3: Subject answers find a relationship between quantities.

The second stage is searching: the first detects a fixed relationship between two or more objects. At this
stage, the subject is able to identify a fixed relationship. Furthermore, by reasoning the relationship
between the quantities that exist in the problem given the subject is able to guess and imagine without

performing numerical operations. This can be seen from the interview with the subject:

Researcher :if!wantto make 48 packs of Barongko, how many ingrediants will be needed??

Subject : four...the ingrediants for 48 packs of Barongko are 40 seeds Kepok banana, 24 eggs, 1200
gram of sugar, and 100 ml of coconut milk.

Researcher :why can you guess..owww... 40 seeds of kapok banana, naaa 24 eggs...

Subject : I multiply...
Researcher : how many you multiply.
Subject : four

Researcher :so..ifthere are 24 packs of Barongko, how many you multiply for the ingrediants?
Subject : two

Furthermore, in the stage of searching for strategies and procedures to detect the relationship between two
or more objects, here the subject has its own strategy to see the relationship between some objects. The
subjects halve the number of cakes and halve all the necessary ingredients, the reason is to obtain the
smallest part of the cake and the calculation is rounded. To know what strategy used can be seen from the

result of interview and settlement done by subject:

Reseracher : What strategies do you use to do this task?

Subject : Here... there are ingrediants for 12 packs of Barongko, (pointing to the task), so I have to
look for the smallest nhumber.

Reseracher : What is the smallest?

Subject : I'try to halve 12.

Reseracher :whatdid you halve?

Subject : So for 6 packs of Barongko must have changed the ingredients as well.




The conclusion in this stage, the strategy used by the subject is to change quantites contained in the task
given. By the change of the quantities, the subjects realized that it would be easier to find solutions

numerically.

The third is to test whether the detected pattern remains the same for the problem given (look for the same
pattern). Here the subject sees the existence of a pattern formed by this mathematical task given that can
be seen from the result of the subject's answer in Figure 2 and can also be seen from the transcript of

interviews conducted by researcher and subject as follows:

Researcher :Isthere any pattern that you obtained when you solve the problems?

Subject : like this (pointing her work for 6 packs of Barongko).. 5 packs, if 12, it is 10 packs, 24 20
packs.

Researcher :it’s from the ingrediants, is there also a pattern from the number of cake???

Subject : yes, there is...

Researcher :could you mention it..

Subject : here.. 6 packs

Researcher :yes..

Subject : then.. 12 times 2, and 24 times 2...

Researcher :was the pattern still same??? (waiting). 6,12,24.... it was from 6 yeaaa. then for 12,,,what did
youdo???

Subject 1 it times two

Researcher :yes, times 2, if the Barongko times 2, then the ingrediants are changed too???
Subject : yes
Researcher :why change?

Subject : because from 6 to 12...it is a lot....
Researcher :then what did you do with the ingrediants?
Subject : Itimes 2

From the results of interview, it can be concluded that the subject finds a pattern of the results obtained.
To identify the patterns that occur always remain the subject using her reasoning by connecting the
quantity.

Then the fourth stage is to test whether the solution or the results obtained is still the same. At this stage
female subject doing test by trial first. The illustration is as follows: the subject multiplies with two
Barongko cake then the ingredients used to make the Barongko cake are multiplied by two as well. After
that from the patterns created by the subject, the subject finds a formula, to test whether the solution
obtained is correct then test through the formula that has been formed, and the subject says the result
remains the same. So, the strategy that done is right, this also happens to the male subject that is testing
the truth by using the formula that has been obtained.

The third stage is extending: how the subject repeats the existing pattern to obtain a general equation. At




this stage, students are able to write the general form that the subject calls the formula of the result or

pattern obtained. This can be seen from the work of the subject as follows:
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Fig 4: Subject answers find a general form.

From the general form obtained by the subject to check whether the answer that subject did is correct, then

the subjects test it again.

3.2. Conclusion

The conclusion of this research shows that that the student’s quantitative reasoning has an important role
in the success of students in generalizing. When students work with quantitative reasoning it significantly
affects the students’ ability in generalizing. This is seen from the results obtained from the analysis of
subject above. And not only that when students are able to identify the relationship quantitatively to obtain
results numerically will be easier. So, it is expected that teachers should also be aware that quantitative
reasoning is very important for students especially in teaching algebra material. If students are encouraged
to develop their knowledge of quantity, then they will be prepared to produce a true and strong

generalization, ini didukung oleh hasil penelitian [11,12, 13, 14, 15].
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