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Abstract

Quadratic equations are essential material that students need to master. Based on several studies,
many students have not mastered the material because they have not mastered the prerequisite skills
and find solutions. This study aims to describe the learning design of quadratic equations using ICT,
namely the Algebra Tile app, to understand the concept and reduce students' math anxiety regarding
Cone of Experience Theory, Information Processing Theory, and Genesis Instrumentation Theory.
The material is limited to quadratic equations with rational roots. The design of learning quadratic
equations using ICT refers to three stages of development, namely: (1) analysis stage, (2) design
stage, and (3) development stage. The results showed that the learning design was valid, practical,
and effective. Using algebraic tile applets helped students factor in quadratic equations and lowered
their anxiety during learning. Furthermore, the efforts made by the teacher by dividing students into
several groups during learning, providing learning videos, ice breaking, and a short pause after
conveying the concept can reduce students' anxiety.

Keywords: Concept Understanding, ICT, Math Anxiety, Quadratic Equation.

Introduction

Quadratic equations are compulsory material in the mathematics curriculum and are
important for students to master. In the Merdeka Curriculum, quadratic equation material is
presented at the Senior High School level in Phase E (Permendikbud, 2024). The learning
outcome is that students can solve problems related to quadratic equations and functions.

Several studies show that students still experience problems in learning quadratic
equation material (Baybayon & Lapinid, 2024; Herawaty et al., 2021; Ruli, 2021; Susilo,
2018). Several factors cause students to experience difficulties in learning quadratic
equations. Baybayon & Lapinid (2024) research shows that students' understanding of
prerequisite abilities and skills still needs improvement, which affects students' performance
in mathematics. According to Baybayon and Lapinid, the prerequisite skills that affect
student performance are differentiating quadratic equations from other types of equations
and expressions, understanding what is meant by solving equations, factoring quadratic
equations, and simplifying algebraic expressions. Susilo (2018), in his research, states that
students are still unable to solve quadratic equations and construct new quadratic equations

from the roots of other quadratic equations. In addition, Susilo revealed that students are still
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inattentive when mathematics learning is given, and the lack of students desire to repeat the
material that has been learned so that they have difficulty understanding the quadratic
equation material. Students' difficulty in representing problems in algebraic form is also an
obstacle for students in learning quadratic equations (Ruli, 2021).

The students consider math to be a difficult subject. Math is considered unpleasant
and incomprehensible with difficult tasks or problems; only some are good at it (Istikomah
& Wahyuni, 2018). Such feelings can trigger a certain nervousness referred to as anxiety.
Math anxiety is an uncomfortable feeling that arises when facing math problems. It is related
to fear and worry in certain situations related to mathematics (Sangral & Kumar, 2023). In
addition, it adversely affects student achievement (Erdogan et al., 2011; Karimi &
Venkatesan, 2009; Khatoon & Mahmood, 2010). It happens because anxiety creates
complexity when learning and applying mathematical concepts (Gleason, 2007).

Lyons & Beilock (2012) stated that math anxiety has the same symptoms as suffered
by the body due to other causes. This is because the posterior insula, which is the part of the
brain that feels pain in the body, becomes an active part of the brain in subjects with math
anxiety, especially subjects with high math anxiety. Khatoon & Mahmood (2010) revealed
that math anxiety is found in students from elementary school to higher education.
Furthermore, the level of anxiety increases as the level of education increases (Jackson &
Leffingwell, 1999). Higher levels of math anxiety occur as math materials become more
complex. Therefore, students should be motivated to have higher self-confidence to solve
every problem in learning mathematics.

Anxiety can be viewed from cognitive, affective, and physiological dimensions. Mus
et al. (2022) reported that students with math anxiety tend to say that math is a difficult
subject, dislike math, refuse to do assignments, and even skip class. It, of course, can affect
their success in math exams (Istikomah et al., 2018). Choppin (2011) revealed that teachers
who experience math anxiety usually rely on textbook-based teaching that emphasizes basic
skills and minimal discussion activities. In addition, they need to be more skilled in
implementing various mathematics learning strategies in the classroom (Swars Auslander et
al., 2006).

The use of technology in learning contributes positively to students. Istikomah &
Sakinah (2013) suggested that integrating Geometer Sketchpad software makes it easier for
students to understand a concept. In line with this, Maharjan et al. (2022) concluded that ICT

tools such as GeoGebra, Sketchup, and Microsoft Mathematics can help develop a
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conceptual understanding of mathematics in schools through visualization. In addition,
research Nasution et al., (2019b, 2019a) shows that using technology such as GeoGebra can
reduce students’ math anxiety levels. Based on the Systematic Literature Review conducted
by Atoyebi & Atoyebi (2022) on whether technology-based approaches can reduce math
anxiety, the results showed that 91.43% of articles stated that technology-based approaches
can reduce math anxiety.

This paper aims to develop a valid, practical, and effective learning design for
quadratic equation material using algebraic tile applets, which will help students understand

the concept and reduce their math anxiety.

Method

This research is development research, referring to Plomp's development model,
which consists of three stages: analysis, design, and development (Plomp, 2013). The
material is limited to quadratic equations with rational roots. The products developed are
Lesson Plans (LP), Activity Sheets (AS), and Test Questions. The instruments in this study
are validation sheets, observation sheets of learning implementation, student anxiety
questionnaires, and test results.

The prototypes that have been developed (LP, AS, and Test Questions) are then
validated by experts, namely practitioners (teachers) and material experts (lecturers). The

total score of instrument validation is expressed in the following formula.

Vs = ;'n=1 Di=1 Xij
mn
with:
IVS :Instrument validation total score.
m : The number of validators.
n : The number of question items of an instrument.
Xij : The score of the i-th question item of validator j.

The total instrument validation score (IVS) is then classified into three eligibility
categories: feasible, feasible enough, and not feasible. Table 1 presents the conversion of

IVS into feasibility categories.
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Table 1. Convert the total score of instrument validation into feasibility categories.

1VS Range Category
3<IVS<4 Feasible
2<IVS<3 Feasible enough
1<IVS<2 Not feasible

After being validated and declared feasible, the lesson plans, activity sheets, and test
questions were tested in one class. The test subjects were students of class X Vocational
High School. In this study, students were said to understand the concept if the test score
obtained was at least 75. The student anxiety questionnaire was given two weeks before and

after the implementation of learning.

Results and Discussion

At the analysis stage, the Phase E Learning Outcomes and learning objectives were
reviewed. In accordance with the Merdeka Curriculum, learning outcomes in Phase E consist
of four elements, namely numbers, algebra and functions, geometry, and data analysis and
opportunities. In this study, the focus of learning design development is on algebra and
function elements with the learning outcome that students can solve problems related to
quadratic equations and functions. The learning objectives to be achieved are: (1) students
can factorize quadratic forms using the Algebra Tiles Applet, (2) students can determine the
solution of quadratic equations using the Algebra Tiles Applet, and (3) students can apply
quadratic equations to solve contextual problems.

After the analysis stage, an outline of the learning design, teaching materials, test
questions, math anxiety questionnaire and interview guidelines were made. The outline is

presented in Table 2.
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Tabel 2. Learning Design Outline

No | Aspect Outline

1 Lesson Plans The time allocation used is 90 minutes which is divided into
introduction, core and closing activities. In the introductory
activity, the teacher provides apperception by showing a video
about the application of quaternary equations in everyday life. In
the core activities, the teacher demonstrates the algebraic tile app,
provides ice breaking to reduce student anxiety, and provides
student worksheets, provides scaffolding for students who are
having difficulty, and asks students to submit discussion results. In
the closing activity, the teacher provides reinforcement of

learning.

2. Teaching Materials a. Apperception video: Introduction to Applications of
Quadratic Functions for Teens!
Source: https://www.youtube.com/watch?v=S50i77d1p9c
b. Algebra Tile Applet
url: https://mathsbot.com/manipulatives/tiles
¢. Student Activity Sheets

3. Assessments a. to measure understanding, a test was used. The test consisted
of four questions that measured students' ability to factorize
guadratic forms (one question), determine the solution of
quadratic equations (two questions), and apply quadratic
equations to solve contextual problems (one question).

b. To measure math anxiety, an instrument in the form of a
guestionnaire that refers to the Scale for Assessing Math
Anxiety in Secondary Education (SAMAS) developed by
Yafez-Marquina & Villardén-Gallego (2017) in the domain

of math learning anxiety and math test anxiety was used.

After the outline is completed, the next step is to make it a prototype of learning
steps, teaching materials, test questions, and interview guidelines. The resulting prototype is
then validated by experts or practitioners (teachers). The lesson plans, worksheets, and test
questions are in the Appendix. The results of the validation of lesson plans, worksheets, and

test questions are presented in Table 3.
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Table 3. Results of the Developed Prototype validation

No | Instrument VS Description
1. | Lesson Plans 4 Feasible
2. | Activity Sheets 3,92 Feasible
3. | Test Questions 4 Feasible

After the lesson plans, activity sheets, and test questions were declared feasible, the
learning design was implemented. The learning begins with an apperception video that
presents the application of quadratic equations in daily life such as the design of roller
coasters, the calculation of reaction speed, the trajectory of a cannonball, the trajectory of an
asteroid, and calculating the time of a water-filled balloon dropped from a certain height.
When the video was shown, students looked enthusiastic by paying close attention. Students
were also motivated to learn more about quadratic equations by asking several questions
related to the apperception video. After the students are motivated, the teacher conveys the
learning objectives to the students and divides the students into 8 groups with each group
consisting of 3 - 4 students.

After dividing the groups, the teacher explains the concept of quadratic equations and
how to factorize quadratic equations using the Algebra Tiles Applet. The teacher uses the
Algebra Tiles Applet by opening the web page (see Figure 1). The teacher also asks the
students to try the Algebra Tiles Applet through the mobile devices owned by the students.
Then the teacher explains the rules of using the Algebra Tiles Applet to factorize and solve
quadratic equations. The teacher gives time for students to understand the rules. After that,
the teacher provides ice breaking by asking students to stand up and follow the movements
made by the teacher. Students look enthusiastic in ice breaking and do not look tense. After
doing enough ice breaking, the teacher then gives the worksheets to the students. The teacher
asks students to discuss in their respective groups to solve the problems in the worksheet.
The teacher monitored the students' discussion by seeing the progress of each group's

worksheet.
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Figure 1. The online Algebra Tiles Applet that the teacher uses.

Source: https://mathsbot.com/manipulatives/tiles

During the discussion, it was seen that students were enthusiastic in using the Algebra
Tiles Applet. Students did not show any significant signs of anxiety such as nervousness or
tension. In general, students can use the Algebra Tiles Applet to solve quadratic equations.
However, there are students who are a little confused in using the Algebra Tiles Applet, so
the teacher provides scaffolding by explaining to these students. The problems presented in
the worksheets given to students were solved well, Figure 2 shows one of the students’ work.
In the problem presented in Figure 2, students are asked to factorize the quadratic form using

the Algebra Tiles Applet, then the answer is drawn in the space provided.
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Figure 2. One of the students' work

’\f(Zx +1)(x=3)

: yqa
-

After students solve the problems given in the worksheet, the teacher gives students

the opportunity to convey the results of their discussion. The teacher tries not to point out
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which group should convey the results of the discussion, this aims to prevent students from
feeling nervous when appointed by the teacher. After the students delivered their discussion
results, the teacher gave reinforcement and together with the students made a summary of
the learning. Then the teacher gives five practice questions to students and closes the lesson.

The test was conducted on another day after learning. There were 30 students who
took the test after learning. The minimum score obtained by students was 45, the maximum
score was 100, and the average score was 84.25. Of the 30 students who took the test, there
were 25 people who scored at least 75 (said to have understood) and 5 people who scored
below 75 (said not to understand). The classical learning completeness was 83.3% which
exceeded the set criteria of at least 80%. Students who did not complete (test score less than
75) were given remedial, in the form of reinforcement of quadratic equation material and
corrective tests outside of school hours.

The results of the mathematics anxiety questionnaire filled out by students before

learning and after learning are presented in Figure 3.

Math Anxiety During Learning Math Anxiety During Test
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Figure 3. Math Anxiety Level during Learning and Test

The number of students who did not experience anxiety increased by 21%, students
with “slightly anxious” anxiety level also increased by 25%, students with “moderately
anxious” anxiety level decreased by 43%, and students with “very anxious” anxiety level
decreased by 3%. When facing the test, the number of students who were not anxious
increased by 19%, students with an anxiety level of “slightly anxious” also increased by
34%, students with an anxiety level of “moderately anxious” decreased by 46%, and students
with an anxiety level of “very anxious” decreased by 7%. Based on the test results, 83.3%
of students were declared complete (understanding the material). Students who did not
complete (test score less than 75) were given remedial, in the form of reinforcement of
quadratic equation material and corrective tests outside of school hours. Based on the results

of learning reflection, test results, questionnaires, and interviews with students, it is
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concluded that the learning design developed and the use of ICT in the form of algebraic tile
applications can reduce student anxiety during learning and make students understand the
quadratic equation material.

In the learning design, the teacher starts the learning by providing apperception by
showing a video of the application of quadratic equations in daily life. The use of videos on
the application of quadratic equations aims to motivate students. When the video was shown,
students looked enthusiastic by paying close attention. Students were also motivated to learn
more about quadratic equations by asking several questions related to the apperception
video. When students in the initial condition are motivated, it is expected to reduce student
anxiety. This is based on research by Giriansyah & Pujiastuti (2021); Ramda & Gunur
(2021), which state that learning motivation positively affects students' math anxiety.
Furthermore, according to the Cone of Experience theory, students will remember about 40%
of what is presented when videos/moving images are used. This is better than students being
asked to read or only hear an explanation of the material. The display in moving images is
expected to be maintained in sensor memory. The short video duration also aims to avoid
too much information being processed by students to not burden short-term memory in
processing further information.

In the initial activity in the core part of learning, the teacher demonstrates using the
algebraic tiles applet and asks students to pay attention. Then, the teacher allows students to
try to do the simulation themselves. In this section, the teacher gradually increases the level
of experience in the Cone of Experience, from watching demonstrations to modelling or
simulating an authentic experience using algebraic applets. The efforts made by the teacher
to keep students active in the learning process aim to make the information obtained by
students be stored longer. In addition, according to Atoyebi & Atoyebi (2022); Mamolo &
Sugano (2023); Nasution et al., (2019b, 2019a); Trotsenko et al., (2020), the use of digital
learning media can reduce students' math anxiety.

The teacher's activity design, by giving a short pause for students to understand the
algebra tile rule and providing ice-breaking aims, provides an opportunity for short-term
memory to process the information (in the form of algebra tile rules) that has just been given.
Ice breaking is expected to reduce student anxiety because these activities can reduce student
tension after learning a concept. When students are given activity sheets and asked to discuss

it with group mates, this activity also aims to reduce math anxiety. The test will be
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implemented at the next meeting. This aims to provide sufficient time for students to prepare,
which is expected to reduce math anxiety.

The use of algebraic tile applets in learning can not only reduce student anxiety but
can also help students understand factoring algebraic forms and find solutions to quadratic
equations. Based on interviews with several students, it was found that they found it easier
to factorize quadratic forms with the algebraic tile applet because there were concrete objects
(algebraic tiles) which were then arranged to become rectangular shapes and they felt
challenged for that. When they can construct the algebra tiles into a rectangular shape, they
can write the math form.

From the point of view of the Genesis Instrumentation theory, the algebraic tiles and
NLPD are artifacts (Verillon & Rabardel, 1995). The algebra tiles used to factorize quadratic
equations and solve quadratic equations are referred to as tools. The rules of algebraic tiles
and how to arrange algebraic tiles into rectangular or square shapes to solve quadratic
equations or factorize quadratic forms is a technique. Schema is formed when students
perform the process of factoring and finding solutions to quadratic equations by utilizing the
artifacts and techniques used.

Based on the results of reflection on learning, test results, questionnaires, and
interviews with students, it was found that the learning design developed and the use of ICT
in the form of algebraic tile applications can reduce student anxiety during learning and make

students understand the quadratic equation material.

Conclusion and Suggestion

In preparing this learning design, three stages are used, namely: analysis, design and
development stages. To reduce anxiety and assist students in understanding the quadratic
equation material, teachers can present learning videos in apperception activities, provide
ice breaking, divide students into several small groups for discussion, use ICT (in the form
of algebraic tile applications), and provide a time lag for test implementation. Students feel
motivated to understand and solve quadratic equations because they can manipulate the
visualization of algebraic tiles that represent quadratic shapes. Students' anxiety before and
after implementing the learning design using the Algebra Tiles Applet decreased.
Suggestions that can be conveyed by researchers for teachers who use algebra tiles aplet to

teach quadratic equation material are that students should use a device with a large size
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(screen size of at least 10 inches). Using a device with a small size can interfere with students'

smoothness in manipulating algebra tiles.
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