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Abstract

This quantitative study aimed to enhance high school students' mathematical
representation of polynomials through a Science, Technology, Engineering, and
Mathematics (STEM) approach aided by computer-aided method engineering
(CAME) technology. A one-group pretest-posttest design was employed with 35
students from grade XI. Data were collected through three essay tests on
mathematical representation relevant to the topic. Validity and reliability tests
were performed to ensure the quality of the research instrument. T-tests were
used to analyze the significance of differences between pretest and posttest
scores. The research yielded an N-Gain of 0.67, indicating a significant
improvement in mathematical representation after the STEM-CAME
intervention. This N-Gain suggests the approach's effectiveness in enhancing
students' understanding of polynomials. Teachers and academics alike may
utilize the study's findings to inform their research as well as to enhance
classroom instruction.
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1. Introduction

Enhancing high school students' mathematical representation in polynomials
through the Science, Technology, Engineering, and Mathematics (STEM) approach
aided by Computer-aided method engineering (CAME) technology is a critical and
timely topic in contemporary education [1]. A robust mathematical representation
is fundamental for students to effectively comprehend and apply mathematical
concepts [2]. Incorporating STEM methodologies has gained prominence in
education, fostering interdisciplinary learning and practical applications [3-6].

In this study, we delved into the intersection of mathematical education,
polynomials, and technology, with a specific focus on the innovative use of CAME
tools. The synergy of these elements promises a transformative impact on students'
understanding of polynomials, positioning them to navigate complex mathematical
concepts with confidence [7]. Teaching mathematics has been one of the hottest
topics recently, making many studies well-developed [8-13].

This research centers on elevating the mathematical representation of high
school students, particularly in polynomials. The study leverages the STEM
approach, integrating (Science, Technology, Engineering, and Mathematics) [14].
As explained by many scholars, a deep understanding of mathematical
representations is critical to students' overall mathematical abilities [15]. This
research aims to explore improving STEM approaches enriched by CAME
technology in the context of polynomial understanding. This research aims to
contribute valuable insights into educational practice, offering a differentiated
version of how this innovative pedagogical tool can reshape the mathematics
learning experience for high school students. This can add new insight into the
current research in mathematics education [16-21].

This study stands at the forefront of educational research by merging the realms
of STEM and CAME to address a specific gap in high school mathematical
education related to polynomial comprehension. While previous studies have
explored the impact of STEM approaches [22-24]. or the impact of technology in
mathematics education [25-27], amalgamation of these elements to enhance
polynomial understanding is a unique and uncharted territory [28]. By navigating
this unexplored terrain, our research aspires to provide educators, curriculum
developers, and policymakers with evidence-based insights into the innovative
strategies that can propel mathematical education into the future. The novel synergy
of STEM and CAME in the context of polynomials is poised to improve students'
mathematical representation skills and pave the way for a more dynamic.

2.Literature Review: Mathematical Representation Ability.

Mathematical representation abilities are divided into three parts, including verbal,
visual, and symbolic representation abilities [29-31]. Indicators of verbal
representation ability are (1) creating problem situations based on the data or
representation provided. Example (Fig. 1): When adding two polynomials, what is
the degree of the resulting polynomial? Explain using the general form of a
polynomial function and show the steps to solve it sequentially in your language!
(2) Write an interpretation of an equation. For example, for each polynomial
function expressed in its graph here, determine the number of natural zero
generators and unreal zero generators. Also, explain the reasons.
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Fig. 1. Example of verbal mathematical representation ability questions.

Next, the indicator of visual representation ability is using diagrammatic, graph, and
table image representations in solving problems. Example: Look at the shaded area in
the following Fig. 2(a). The site is located between two circles that have the same center.
Express the size of the shaded region as a function of x in the following Fig. 2(b).

Fig. 2. (a) Example of visual mathematical representation ability questions,
(b) example of symbolic mathematical representation ability questions.

Finally, indicators of symbolic mathematical representation abilities are (1)
Solving problems involving mathematical expressions. For example, Use
Horner's method and the Remainder Theorem to determine the value of P(c) if
(x) = x*- 10x3 + 84x - 28 and c =9; (2). Create mathematical equations or
models from other given representations. Example, Fig. 2(b): Given three
polynomial functions, namely (x) = x 3+ x? - 6x, g(x) =-x3- x? + 6x,
dan h(x) = x3 - 4x. Of the three functions, which one has the graph shown in
the picture? Explain!

3.Methods

This quantitative research aims to improve high school students' mathematical
representation of polynomial material by applying a STEM approach supported by
CAME Technology. This research methodology was designed as experimental
research using a one-group pretest-posttest research design. The research sample
was taken from students at Senior High School in Ngunut with a student population
of 35 students. Sampling was carried out purposively. Data collection was carried
out by conducting a pretest and posttest. To ensure the validity and reliability of the
data, the research instrument will be carried out using the Cronbach's alpha method.
Next, statistical data analysis will be carried out using the t test and N-Gain values
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from the pretest and posttest results to test the research hypothesis and measure the
increase in student understanding using SPSS [32-36].

4.Results and Discussion

Table 1 shows test and posttest scores for mathematical verbal representation
abilities, which are 2.403 and 13.57 with an N-gain of 0.584. Based on the pretest
and posttest, it can be seen that there was a significant increase in the average score
in problem-solving ability, namely 0.584, which means that mathematical
representation ability increased after being taught the CAME-assisted STEM
approach with high categories. Also, with an N-gain of 0.198, the scores for
mathematical visual representation ability were 6.23 on the pretest and 16.17 on
the posttest. After teaching the STEM approach with the help of CAME, students
demonstrated a remarkable improvement in their mathematical visual
representation ability.

The pretest and posttest scores for mathematical symbolic representation
abilities were 6.69 and 42.83, respectively. Based on the pretest and posttest, it was
seen that there was a significant increase in the average mathematical symbolic
representation abilities score, namely 0.677. which means that mathematical
symbolic representation abilities increase after being taught the STEM approach
assisted by CAME in the high category. Finally, in terms of mathematical
representation ability, the pre-and posttest scores were 72.57 and 18.06,
respectively. The average score of mathematical representation ability increased
significantly from 0.46 on the pretest to 0.66 on the posttest. This indicates that
after learning the medium-level CAME-assisted STEM method, students' capacity
to represent mathematics improves.

Table 1. Pretest and posttest results.

Mathematical Verbal Mathematical Visual Mathematical Visual

Test Representation Ability Representation Ability Replzls)?lriltt;tlon
X N n X N n X N n

Pretest 514  2.403 35 6.23 3.979 35 6.69 1.922 35
Postest  13.57 3.979 35 16.17 2.844 35 4283  3.658 35
N-gain 0584 0.173 35 0.198 0.110 35 0.677 0.719 35

The paired sample t-test aims to determine how the STEM approach influences
student performance on the mathematical representation ability test. The first step
is to run prerequisite tests to see if the data is usually distributed. This test is called
the Shapiro-Wilk normality test. Table 2 displays the results of the students' pretest,
posttest, and normality tests.

Table 1. Normality test of mathematical representation ability.

Mathematical Representation Ability

Data Sig. Informaton
Pretest 0.199 Normal
Postest 0.132 Normal

The data from students' mathematical representation ability is declared to be
regularly distributed since the significant value for both the pretest and posttest is
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more than 0.05 (Table 2). A paired sample t-test follows the assertion that the data
follows a normal distribution. Table 3 displays the dependent variable in this
instance, and the purpose of this test is to examine the impact of the independent
variable on it.

Table 2. Paired sample t test of pretest and posttest
data on students' mathematical representation abilities.

Mathematical Representation Abilities

Data Std. Dev T Sig.
Pretest 6.68
Posttest 5.79 -36.84 0.000

Based on the data processing findings in Table 3, the p-value is less than 0.05,
which means the significance value is 0.000. Therefore, we accept HO, meaning
there is a difference. Significant. The findings of the pre-and post-tests show that
the STEM strategy using CAME as an adjunct improves students' problem-solving
skills. In addition.

During the STEM practicum, it was evident that some students were critical
thinkers who solved difficulties when the bottle boat refused to move. Students
rehearse how to make the bottle boat move [37]. Implementing STEM education
effectively may help students develop their mathematical representation abilities,
problem-solving skills, and conceptual comprehension [38]. It is important to stress
the importance of students working together to discover solutions to problems
throughout the learning process. After receiving treatment in the form of a STEM
approach, students will be given a posttest to make sure they have understood the
subject [39].

The purpose of this is twofold: first, to assess how well students understand
mathematical concepts; second, to provide them with the tools they need to develop
their mathematical representations; and third, to encourage them to work together
in groups to solve problems based on real-world scenarios; and finally, to
demonstrate the significance of mathematical representations to students in a way
that piques their interest and fosters their development as independent learners.

5.Conclusion

The findings presented lead to the conclusion that increasing mathematical
representation skills in the medium category and improving mathematical
representation abilities via the STEM approach with CAME support are two
benefits of studying mathematics. Students' mathematical representation skills may
be developed and enhanced in the classroom via the use of the STEM approach
with support from CAME. The goal of mathematics education should be to develop
students' skills in mathematical representation. This skill is crucial and may help
pupils understand how to handle issues that arise in daily life.
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