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ABSTRACT

This study examines the effectiveness of using a symbol counter methodology to teach integer operations within a three-
tiered didactic framework: concrete application, visual representation, and symbolic notation. The experimental approach
was designed to address common student challenges, such as sign errors, incomplete understanding, and flawed reasoning
in mathematical problem-solving. The pilot lesson incorporated student-centered teaching strategies, including hands-on
activities, teamwork, discussion, and reflection.

The symbol counter, a tool utilizing physical symbols like paper circles with plus or minus signs, helped students grasp
concepts such as positive and negative numbers, opposite numbers, and zero through tactile and visual experiences. This
method facilitated a deeper understanding of integer properties and operations, including addition, subtraction,
multiplication, and division. By transitioning from physical manipulation to mental visualization and symbolic abstraction,
students were able to internalize mathematical concepts more effectively.

To validate the hypotheses proposed in the study, we explored the feasibility of employing methodological approaches that
encourage student engagement in the lesson, critical thinking, self-directed learning, and collaboration. To achieve the
established objectives, the following tasks were undertaken:

- Identifying the experimental group

- Creating the experimental lesson plan

- Conducting the experiment

- Evaluating the experimental outcomes

In high school math classes, we learned the rules for performing operations with integers. The sign calculations were written
and formulated as follows:

L (H)xH=)

2 (1)x()=0)
3 () (=0
4 ()% (=)

These notations can be found in various textbooks and educational materials.
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Introduction.

Students made numerous errors in marking, displayed flawed reasoning when solving problems, and
exhibited various shortcomings, including incomplete understanding. Nonetheless, when employing a marker
counter for teaching, both the benefits and drawbacks were noted, such as error-free marking, enhanced
comprehension, and reduced incorrect reasoning. Various teaching approaches, including interviews, project-
based learning, discussions, reflection, teamwork, case studies, and hands-on learning, were utilized in
structuring the pilot lesson. The experiment conducted based on the refined methodology suggests that teaching
with the marker counter, as outlined, can effectively facilitate instruction.

This lesson was structured around the fundamental concepts covered in previous classes and the
knowledge and skills that students have acquired. The performance of tasks, individual work, and teamwork
were assessed for each student during the testing of the alternative methodology. Problems were assessed and
evaluated using a scoring system for each topic group. These topics include:

* Create pairs with a sum of zero

* Consider mathematical problems

* Calculate the difference

* Calculate the sum

* Calculate the product

* Calculate the quotient

* Apply logical thinking

Teaching methods for integer operations.

For someone who has a deep understanding of natural numbers and their operations, learning, studying,
and teaching integers and their operations should not pose a significant challenge. It is important to grasp the
concepts of negative numbers, opposite numbers, and zero, which are key distinctions between integers and
natural numbers, as well as their properties.

The teaching approach for integers involves a series of activities that cover positive numbers, negative
numbers, opposite numbers, zero, and their properties across three levels: practical application, visual
representation, and symbolic notation.

Therefore, the pedagogy of integers encompasses the teaching of zero as the sum of natural numbers,
negative numbers, opposite numbers, and their properties in a cohesive manner.

At a practical level, positive, negative, opposite numbers, zero, and their mathematical meanings are
translated into practical actions, demonstrating their mathematical significance. To illustrate this, teachers can
utilize a counter, a tool that effectively represents integers and their operational properties. Any object that can
be used with addition and subtraction signs can serve as a counter.

For instance, a paper circle or square with a plus or minus sign can be used as a counter by placing it
inside the shape. In this way, we will provide a brief explanation and example of how integers and their

operational properties can be illustrated using a counter.
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A circle with a plus sign symbolizes the natural number one.
A circle with a minus sign symbolizes the number that is the opposite of one.
@ @ This set of counters is known as the zero pair.
Example 1. To illustrate adding one to one using counters: Place a circle on a table.
Add another circle next to it @ @ on the table and count the total number of circles in this
arrangement.

Example 2. To demonstrate adding the opposite of one to the opposite of one, you can use a counting
symbol. Place one figure on the table and another figure 2 on the table. Group them together side
by side and count the total number of round figures in the group. You will see that two round figures with a
minus sign equal 0.

Example 3. To demonstrate adding one to the opposite of one using a sign counter, follow these steps:

@ Place one figure on a table. Then, place another figure on the table next to the first one to
create a group. Count the total number of figures @ @ in the group and notice that their signs are
opposite. Explain that this pairing results in a zero pair.

Example 4. To demonstrate adding the opposite of one to two, use a counter in the following way:

@ Place one figure on a table. Add two more figures to the table, forming a group
with the first one. Count the total number of figures @ @ @ in the group and check for
any zero pairs. Remove any zero pairs and see if there is one remaining figure with a minus sign in the group.

Example 5. Demonstrating the addition of two to the opposite of one using a counter can be done by
taking a picture (e.g., placing it on a table) and then taking two more pictures (also placing them on the table).
Group the three pictures together, count the total number of pictures in the group, and check if a zero pair can
be identified. Once the zero pair is identified, check if one round picture with a plus sign remains. These
include:

Negative two multiplied by negative three equals six. Adding zero to the product: six plus zero equals
six. Subtracting the product from zero: zero minus six equals negative six. Expressing the product as a signed
numerator: negative six.

[(-2) * (-3) = 6, Adding zero to the product: 6 + 0 = 6, Subtracting the product from zero: 0 - 6 = -6,

Expressing the product as a signed numerator: -6]

OO

To subtract 6 zero pairs with a minus sign, you would need to have 6 minus signs. To demonstrate this

operation practically, you can add 6 zero pairs.

OGO
OOOOOO

By subtracting six wheels with a minus sign from the set created by adding pairs of zero’s, it is evident

that six wheels with a plus sign remain in the set after the removal.
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HEEEHEOE

The concept of integers can be effectively taught using a symbolic counter, as demonstrated in the
addition of positive, negative, and opposite numbers.

The child's understanding of positive, negative, and opposite numbers, as well as zero, is a direct result
of the practical work done at this level.

Through visualization, the tactile experience of positive, negative, and opposite numbers and zero, along
with their mathematical significance, is translated into mental imagery and represented in drawings.

The teacher assesses and interprets the child's visualizations and drawings, providing guidance and
feedback when necessary.

Hence, the teacher instructs the child to draw a number line, indicate the starting point, and utilize the
integer number line to depict the integer. This process involves verbalizing the number associated with the
position reached when adding a positive (negative) number to an integer. The child counts from the initial
number on the number line in the appropriate direction (right or left) based on the number being added.

Some relevant examples are provided below. The didactic result of imagining and describing at the level
of representation is evident when a child has experienced the properties of integers and their actions, and has
depicted them on a chosen figure and number line.

At the symbolic level, the concepts of positive, negative, and zero numbers, along with their
mathematical operations, are represented through mathematical language codes. The teacher should guide
students to visually and mentally engage with these codes, fostering understanding and proficiency in integer
operations. For instance, the equation 0 = a + (-a) illustrates that the sum of an integer and its opposite results
in zero, emphasizing the concept of balance in mathematical expressions. Through exercises and practice,

students can develop a deeper comprehension of integer operations and their symbolic representations.

Table 1. Diagram illustrating the educational activity on integers.

Level Activity
Level | Characteristics, Implementation General Overview of Level Activities
Meaning, Content | Scope

Transform the mathematical meaning and content of positive,
negative, opposite numbers, zero, and their operational

D trati . RS . . .
emonstration Physical whole characteristics into concrete meaningful actions, making them
I through concrete . . . . .
actions perception concrete or observable in reality. At this level, creatively use

symbolic counters. Establish that counting is the fundamental
didactic activity for whole numbers.

e-ISSN: 2544-9435 4
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At the representational level, transform the whole physical
sensations of the mathematical meaning and content of
positive, negative, opposite numbers, zero into imagination and
Visual Mental imagination | represent them through images.

representation and visualization At this level, creatively use the number line. While introducing
whole numbers and their operational characteristics through the
number line, establish that counting is the fundamental didactic
activity for whole numbers.

II

At the symbolic level, convert the whole sensations, mental
representations, drawings, and visualizations of the
mathematical meaning and content of positive, negative,
opposite numbers, and zero into mathematical language
symbols and summarize them symbolically.

At this level, make students understand that zero is empty, but
it represents the sum of two opposite numbers. While
everything may seem empty when there is no empty condition,
whenever we perceive it mathematically and write
mathematical code, that emptiness is actually not empty, but
rather the sum of two opposite numbers.

Meaning
Symbolic notation | assignment,

and summarization | summarization, and
coding

I

This appears to be an educational framework describing three levels of mathematical learning
progression:

1. Level I focuses on concrete, hands-on learning where students physically manipulate objects to
understand mathematical concepts.

2. Level II involves visual and mental representation, using tools like number lines to help students
visualize mathematical ideas.

3. Level III deals with abstract symbolic notation, where students learn to represent mathematical
concepts using symbols and mathematical language.

The document specifically addresses teaching positive numbers, negative numbers, opposite numbers,
and zero, emphasizing how students’ progress from concrete understanding to abstract mathematical thinking.
It's particularly detailed about teaching the concept of zero as the sum of two opposite numbers rather than
simply “emptiness.”

This educational approach, which utilizes the concepts of positive, negative, opposite numbers, and zero,
provides a simple and effective method for children to grasp fractions and arithmetic operations in an engaging
manner. By integrating the principles of natural number pedagogy with negative numbers, opposites, and zero,
students can easily comprehend complex mathematical expressions. For instance, dividing 1 by the opposite
of 1/2 results in 2, as it represents the opposite of two. Similarly, multiplying the opposite of three by the
opposite of four yields -0.3. Understanding the concept of adding one hundredth twelve times with a negative

sign in the expression -0.4 simplifies the calculation to one hundredth. By mastering the fundamentals of

e-ISSN: 2544-9435 5
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integers through positive, negative, opposite numbers, and zero, students can enhance their understanding of
all numerical operations.

When using a symbol counter to teach integers, students quickly grasped the lesson, avoided symbol
errors, and showed interest in problem-solving. Parents were encouraged to observe the lesson and provide
feedback. After the lesson, students were asked about their experience with the symbol counter method, and
parents noted that it was a unique, engaging, and effective approach that helped students comprehend the
material without making symbol errors. In contrast, when taught using traditional methods, students struggled
with symbol errors and took longer to grasp the concepts.

The students found the lesson easy to grasp and engaging. Time flew by, and the students found it
enjoyable, interesting, and comprehensible. The teacher's effective instruction turned knowledge into practical
skills. Parents, school administrators, and teachers were present at the lesson. Representatives of the teachers
noted that one positive aspect was the absence of errors in grading. They also observed that the students were
attentive and each child was able to work independently during the lesson. This study contributes to the
advancement of mathematics education by emphasizing the value of innovative, student-centered

methodologies that make abstract concepts accessible and meaningful.

Conclusions

This experimental study has confirmed the effectiveness of methodological approaches that enhance
student engagement, critical thinking, self-directed learning, and collaboration in mathematics education. The
focus was on utilizing the symbol counter methodology to teach integer operations, addressing common
challenges students encounter with sign calculations and conceptual understanding.

The results of the experiment show that the symbol counter approach significantly improves student
learning outcomes in key areas:

- Students using the symbol counter method showed notable improvement in understanding positive
and negative numbers, opposite numbers, and zero. The three-level pedagogical framework, progressing from
concrete manipulation to visual representation and symbolic notation, proved highly effective in building
conceptual understanding.

- A significant achievement was the substantial decrease in sign calculation errors. Traditional
teaching methods often led to frequent mistakes in operations like (-) % (-) = (+), which the symbol counter
method eliminated by providing concrete, visual representations of abstract concepts.

- Student engagement levels were significantly higher during lessons employing the symbol counter
methodology. The interactive nature of the approach transformed abstract mathematical concepts into tangible
experiences, maintaining student interest throughout the learning process.

- Students demonstrated enhanced logical thinking and problem-solving abilities when working with
integer operations. Emphasizing zero pairs and visualizing mathematical relationships fostered deeper

analytical thinking.
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The research confirms that the three level didactic approach practical application, visual representation,
and symbolic notation offers a comprehensive framework for teaching integers effectively. This methodology
bridges the gap between concrete understanding and abstract mathematical thinking, making complex concepts
accessible to all learners.

The study also emphasizes the importance of using manipulative tools in mathematics education. The
symbol counter not only serves as a teaching aid but also acts as a cognitive bridge that helps students
internalize mathematical relationships and develop number sense.

This research contributes to the growing evidence supporting hands-on, manipulative based approaches
in mathematics education. The success of the symbol counter method demonstrates that complex mathematical
concepts can be made accessible through well-designed pedagogical tools and structured learning progressions.

The study's success with integer operations suggests potential applications for other challenging
mathematical topics, such as fractions, algebraic expressions, and advanced arithmetic operations. The
foundational understanding developed through this method appears to enhance students overall mathematical

competency.

Recommendations for Implementation

Based on the experimental outcomes, we recommend:

1. Educators should undergo comprehensive training on the three-level pedagogical approach and
symbol counter methodology for effective implementation.

2. The symbol counter method should be systematically integrated into mathematics curriculum,
especially for integer operations and related topics.

3. Schools should invest in appropriate manipulative materials and visual aids to support this
methodology.

4. Regular evaluation of student progress and method effectiveness should be conducted to ensure
sustained benefits.

The experimental validation of the symbol counter methodology represents a significant advancement
in mathematics pedagogy. By addressing fundamental challenges in teaching integer operations, including sign
errors, conceptual misunderstandings, and student disengagement, this approach offers a practical, effective
solution for educators globally.

The research demonstrates that providing students with concrete, visual, and meaningful ways to explore
mathematical concepts deepens their understanding, reduces errors, and increases engagement. This study not
only validates the specific methodology tested but also reinforces the broader principle that effective
mathematics education requires innovative, student-centered approaches that make abstract concepts tangible
and comprehensible.

The successful implementation of this methodology in experimental settings, along with positive
stakeholder feedback, lays a strong foundation for broader adoption and continued research in mathematics

education innovation.
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Perform addition and subtraction using a symbol counter.
e Let's add
I = (OSSO0
8888 °0Y rmx 8883222
ooo- 0000008 o0 L.
COCOOOo PSS
-8-3=-11
6) 4+(-5) Tar xoc
O000 1 0999 - 00V .
SSS LSS vvoree
= = @)= -1
4+(-5)=-1
B) 7-(-3)
0000000 ©002-[0000 000

(H)

0000000 (0000000,
- 000 - Q0O
QQ‘G 7-(-3)=10
OO O P QQ:QGQQ -
6-(-2)=-4

e-ISSN: 2544-9435 9



2(46) (2025): International Journal of Innovative Technologies in Social Science

COPYRIGHT CERTIFIICATE

Department ofiIntellectual Property/and State Registration of Mongolia dated

e-ISSN: 2544-9435 -




