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Web-based interactive learning media can help students in the
learning process because of the easy access provided, one of
which is by using Power Point and iSpring. The purpose of this
research is to develop web-based interactive learning media
containing quadratic equation material that is valid and
practical so that it is useful for honing students' abilities in
solving quadratic equation problems. The purpose of this
research is to produce web-based interactive learning media that
is suitable for the topic of quadratic equations, and uses a
modified 4D development model consisting of three stages,
namely determining objectives and strategies, designing
products, and developing products. The data collected in this
study were obtained through validation sheets and student
questionnaires. After the validation process, peerteaching was
carried out on several students. Based on the validity test
results, the web-based interactive learning media on quadratic
equation material has met the validity criteria. It is expected
that this learning media can help students in learning quadratic
equation material more interactively.
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INTRODUCTION

Technological advancements in education have led to the development of digital versions
of previously printed textbooks, which can be accessed on computers or smartphones.
These innovations have opened up new possibilities in the field of education (Purba et al.,
2022a). According to Degner et al. (2022), digital media has a high potential to support the
learning process. This media can present information in various forms, such as visual,
auditive, or combine the virtual and real worlds. In addition, the adaptive and interactive
features can match students' knowledge levels and provide a way for active learning.
There has been a significant increase in the use of digital resources for education. This
trend is driven in part by the demand for teaching materials that are not solely text-based,
which has led to the growth of interactive learning media (Dewi et al., 2018).

Interactive media is software that combines images, videos, animations, sounds, and
games so that users can interact directly (Kinasih & Hardiani, 2020; Novitasari, 2016).
Educators must take advantage of the development of learning media optimally and
wisely. Learning media is very important in the classroom. Learning media has two
purposes, namely as a teaching aid and as a learning tool. (Degner et al., 2022).

APJII (Association of Indonesian Internet Service Providers) conducted a survey in the
2019-2020 period (Q2) which showed that around 73.7% of Indonesia's total population
uses the internet. This is one indication that technological development in Indonesia is
accelerating (Asosiasi Penyelenggara Jasa Internet Indonesia, 2016). Nevertheless, in
2020, researchers found the fact that teachers in several schools in Banjarmasin still
rarely use the internet to create interactive learning media. Usually, teachers only use
videos or PowerPoint as learning media. Web-based media is one part of the internet that
uses the site as an interactive online learning resource that can improve the quality of
education (Fitrahminarsih et al., 2021). One of the advantages of web-based learning
media is that it is easily accessible, as students can access it through laptops,
smartphones, or tablets by connecting to the internet.

Several researchers, such as Vaiyavutjamai & Clements (2006), have pointed out the lack
of emphasis on quadratic equations in the literature on mathematics education. There is
a scarcity of research on how quadratic equations are taught and learned. Only a few
studies have delved into the methods students use to solve quadratic equations (Bossé &
Nandakumar, 2005), students' comprehension of and struggles with solving quadratic
equations (Kotsopoulos, 2007; Vaiyavutjamai & Ken Clements, 2006), the teaching and
learning of quadratic equations in classrooms (Olteanu & Holmqvist, 2012; Olteanu &
Olteanu, 2010), comparisons of how quadratic equations are addressed in math textbooks
across different countries (Saglam & Alacaci, 2012), and the integration of the history of
quadratic equations in teacher training programs to assess prospective teachers'
knowledge (Clark, 2012). Generally, quadratic equations pose challenges for most
students due to difficulties in algebraic procedures, particularly in factoring them, and a
struggle to attribute meaning to these mathematical concepts.
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Understanding quadratic equations are the basis for further study in mathematics and
other sciences (Lopez et al., 2016a). However, It has been discovered through multiple
studies that many high school and undergraduate students struggle to understand these
equations or the methods used to solve them. Research conducted by Lépez et al. (2016),
Aygor & Burhanzade (2015), and Zakaria et al. (2010) showed that some errors in solving
quadratic problems often occur due to a weak understanding of the concept. This implies
that learning is needed that support students' understanding of the concept of solving
quadratic equations. Therefore, using this web-based interactive learning media is
expected to help students in learning quadratic equations so that their understanding of
this material can be improved.

Developing web-based interactive learning media for the topic of quadratic equations is
crucial due to its significance in various fields like science, engineering, and mathematics.
Quadratic equations are fundamental in modeling natural phenomena, such as the path
of projectiles or the design of parabolic antennas (Lépez et al., 2016b). The interactive
nature of web-based learning tools can enhance students' understanding by visualizing
complex concepts like parabolas and quadratic functions (Purba et al., 2022b). The urgency
to create such interactive tools is evident in the diverse methods used to solve quadratic
equations, including factoring, completing the square, and using the quadratic formula.
These methods can be challenging for students to grasp through traditional teaching
methods alone. Interactive media can provide a dynamic platform for students to engage
with these concepts, making learning more accessible and engaging. Furthermore, the
versatility of quadratic equations in real-world applications underscores the need for
effective educational resources. By offering interactive simulations and visualizations,
web-based tools can bridge the gap between theoretical knowledge and practical
application, preparing students for real-world problem-solving (Arifin et al., 2023;
Pujiastuti et al., 2020; Sumarwati et al., 2020).

In conclusion, the development of web-based interactive learning media for quadratic
equations 1s essential to facilitate a deeper understanding of this foundational
mathematical concept and its wide-ranging applications across various disciplines. Such
tools can enhance student engagement, comprehension, and retention by providing an
immersive learning experience that complements traditional teaching methods. This
development research aims to develop such learning media that is in accordance with the
needs of grade IX students so that it can help students in practicing the skills of solving
quadratic equation problems. The learning media developed must meet valid and practical
criteria

METHODS

This research is development research (Research and Development) that uses the 4D
model proposed by Thiagarajan (Thiagarajan et al., 1974). The 4D model proposed by
Thiagarajan consists of four main stages: Define, Design, Develop, and Disseminate. This
model is commonly used in research and development processes, particularly in the
development of learning media. The first stage, the Define stage, involves defining the
development requirements through needs analysis and collecting information on the
extent of development needed. This stage includes activities such as studying supporting
literature, research design, data collection techniques, and data analysis methods. The
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second stage is the Design stage, which includes steps like constructing criterion-
referenced tests, selecting media, choosing formats, and initial design (Hariyanto et al.,
2022). The third stage is the Develop stage, where actual development trials are conducted
to create the learning tools or solutions (Hariyanto et al., 2022). Finally, the Disseminate
stage focuses on sharing the developed tools or solutions with users through strategies like
user analysis, timing of dissemination, and selection of dissemination media (Hariyanto
et al., 2022).

Thiagarajan's 4D model provides a structured approach to research and development
processes, ensuring a systematic progression from defining needs to disseminating
solutions effectively. However, in this study, these stages were adjusted to the situation
and conditions. The development stage only reached the development stage, namely expert
assessment, and limited trials through peer-teaching in the class B learning media course
of the master of mathematics education program at the State University of Malang class
of 2021. Dissemination to other schools was not carried out due to researcher limitations.

To develop this media, qualitative data in the form of criticism and suggestions from
validators and quantitative data in the form of scores obtained from validation sheets
filled out by validators and student questionnaires are used. All of these data are used to
revise and evaluate the quality of the learning media developed, to produce learning media
that meet valid criteria. In this development research, data analysis was carried out by
calculating all the average values obtained from the validation sheet according to the steps
(Hobri, 2010), and to determine the validity used the validity criteria in Table 1 below.

Data analysis techniques in this development research were carried out with the
following steps (Hobri, 2010).

(1) Recapitulate the validity assessment data of learning media in a table that includes
aspects (4; ), indicators (I;), and values (V;) for each validator.
(2) Calculating the average score of all validators for each aspect of the assessment. The
formula used to find the average with the following formula.
j=1Yji

Il' =
n
Description:
I; is the average validation result
Vj; is the validator's score data on the i-th indicator
n is the number of validators
(3) Determine the average score for each aspect with the following formula.
n
.
A; = ZJ=1 L
m
Description:
4; is the average for the i-th aspect
I;; is the average of the i-th aspect of the j-th indicator
m is the number of indicators in the i-th aspect

(4) Determine the value (V) or the total average value of all aspects using the following
formula.

n
_ Zi= A

a n

Description:
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I, is the average score for all aspects
I;; is the average for the i-th aspect

n is the number of aspects
To determine the validity criteria based on the V/, value or the average value for all
aspects, Table 1 is used below.

Table 1. Criteria of Validity
Total Average for All

Aspects Criteria
25% <V, <50% Not valid
50% <V, <75% Less Valid
75% <V, <100% Valid

V, =100% Highly valid

RESULT AND DISCUSSION

The final result of this development research is a web-based interactive learning media on
quadratic equation material. This research uses a modified 4D development model with
the following stages.

Define

At this stage, initial observations were made to find out what kind of media the teacher
used and the obstacles with the media. Teachers still use media that is limited to video-
based media sourced from YouTube, which are still few videos that can help students
understand a concept intuitively. In video-based learning media, students cannot give
input and then get feedback from the learning media, so they are limited to what is
conveyed in the video. Based on these problems, it was decided to create a learning media
on quadratic equation material where students can give input and then get feedback, one
of which is by using iSpring software.

Design
This stage is carried out to produce a draft of learning media. Activities at this stage are
(1) Test Preparation

The test is based on the competency criteria that must be achieved in accordance with the
specific learning objectives, where through the test questions students must be able to
determine the roots of quadratic equations using the factoring method correctly.

(2) Media selection

The selection of media using iSpring because it can add Quiz features and produce output
in the form of a web that can be accessed easily by students and with various devices as
long as they are connected to the internet. This kind of thing cannot be obtained on
learning media using other software.

(3) Format selection
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The online learning media developed by contains the Home menu, Instructions, Basic
Competence (KD) and Indicators of Competence Achievement (IPK), Materials, Exercises,
and About.

4) Initial media design

At this stage, the PowerPoint design that will be used in the learning media begins to be
made, and looking for some of the images needed, the images displayed are images related
to the daily lives of students, so that they feel more involved and interested in the material
being taught. The following is the initial appearance of the learning media presented in
Figure 1 and Figure 2 below.

8=
@

Selamat Datang

Pahmni Materi Persamaon X

Figure 1. The initial display of learning media

Media Pembelajaran
Materi Persamaan Kuadrat

Sitakan pilih menu di bawah inl

Figure 2. Home display of learning media

Then at this design stage, research instruments were also prepared in the form of
validation sheets and student questionnaires.

Develop
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This media draft was then submitted to three validators, namely 2 Master of Mathematics
Education students and 1 UM Mathematics Education Lecturer. The validation results
are presented in Table 2 and Table 3 as follows.

Table 2.
Validation Result
Aspect Average Score
Learning Media Content 3,23
Images and animations 2,91
Usability of Learning Media 3,65
Language and symbols 3,33
Average 3,25
Table 3.
Student Questionnaire Results
Aspect Average Score
Presentation of Material 3,52
Language and Display 3,62
Average 3,67

Through the development process, an interactive media namely “Quadratic Equation
Media” has been produced. This media contains a menu of materials, practice questions,
and competency tests on quadratic equation material, namely determining the roots of a
quadratic equation by factoring. The material is presented through PowerPoint slides that
are uploaded to the website to make it easier for students to access the material. Because
using web-based interactive media can provide a positive response to the learning material
presented and become an effective learning resource in improving learning performance

(Handayani & Rahayu, 2020).

Quadratic Equation Media uses the internet to provide slides that can be accessed online.
This media consists of five main pages, namely “KD dan IPK”, “Petunjuk”, “Materi”,
“Latihan”, and “Tentang”. The “KD dan IPK” page presents the basic competencies and
indicators contained in the media. The basic competencies presented are in accordance
with the 2013 curriculum for the chapter of quadratic equations in class IX which gives
an idea of what material will be learned using the Quadratic Equation media (Fatoni et
al., 2017).

The “Petunjuk” page contains instructions that can facilitate students in operating the
learning media. On the 'Material' page, students first select the section they want to learn.
These sections are Introduction, Factoring, Example 1, Example 2, and Quiz. In the
introduction section, students are given illustrations of various things in daily life related
to quadratic equations, namely the activity of throwing a ball into a basketball hoop, an
angry birds game, and a fountain. Therefore, students will understand quadratic
equations more intuitively. Giving examples from everyday life can make learning more
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meaningful for students and make them appreciate the knowledge to be learned more
(Retnodari et al., 2020)

Next, students are instructed to go to the factoring section. It is in this section that
students begin to try to discover the concept of finding the roots of a quadratic equation
using the factoring method. Starting with the process of observing examples of quadratic
equations, students then try to arrange the roots. Finally, students can discover the
concept of translation in mathematics. The activity of finding the concept of determining
the roots of a quadratic equation by factoring method is done by students by constructing
their own understanding through the use of this learning media because it is in line with
the concept of translation in mathematics.

After discovering the concept of determining the roots of a quadratic equation by factoring,
several problems about quadratic equations are given in the “Contoh 1” and “Contoh 2”
sections. By solving these problems, students will be able to apply the concept of factoring
that they have just learned to the quadratic equation material that they have learned
before. This will train students' ability to connect materials in mathematics and make the
use of learning media more meaningful (Abidin, 2020). Students together with the teacher
discuss the problem. Students express their opinions and other students respond then the
teacher is in charge of straightening back if something is not in accordance with the
learning material.

After completing all activities on the Introduction, Factoring, Example 1, and Example 2
pages, students can then try the Quiz. A quiz is given to each submitter. Giving Quizzes
aims to attract students' attention to make it easier to learn the material given
(Ardiansyah, 2020). The form of questions in Quiz questions is in the form of multiple
choice and short form. Each question is also equipped with the correct answer after the
student answers the question. Next, students go to the 'Exercise' page to test their
understanding of the whole material on determining the roots of quadratic equations by
factoring.

The validation results show that the media is quite valid in general, with an average score
of 3.23. The validator stated that the material contained in the media is very suitable and
the media can support student learning activities in quadratic equation material.
However, the validator also suggested improving the media display to make it more
attractive. Media trials on students generally scored 3.54, so the media can be used with
minor revisions. Students who tried the media found the media interesting, easy to
operate, and able to motivate in learning mathematics. However, they also suggested that
some of the back buttons that did not work be fixed, and the display of the questions be
changed to make it easier for students to answer them. This is important because
Interactive media must provide convenience for users in accessing it (Fatoni et al., 2017).

Quadratic Equation Media can be accessed by students independently and used either in
class or outside of class. This is in accordance with Mayer (2020) which shows that portable
learning media has the potential to support academic learning anywhere and anytime,
and allows students to learn little by little when there is time available. The results of this
study also support several other studies that use 1Spring-assisted learning media, such as
the research of Cahyanti et al. (2019), and Ramadhani et al. (2019), which show that the
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developed media are effective in improving student learning achievement, especially in
developing their mathematical abilities.

iSpring offers excellence in math learning by providing an interactive and multimedia
platform, allowing users to integrate various types of media as well as dynamic content
such as animations and simulations (Aldowah et al., 2019). In addition, iSpring also
facilitates the creation of interactive quizzes and exams, making it easier for teachers to
evaluate student progress in real-time. With easy sharing of materials and progress
monitoring features, iSpring provides flexibility in teaching and learning math across
multiple platforms and devices (Nurwijayanti et al., 2019). Although learning media using
1Spring has many advantages, it also has limitations, that is, limitations in creating very
complex content. While iSpring provides a wide range of multimedia features, for highly
technical or interactivity-intensive math materials such as complex simulations, iSpring
may not have the same flexibility or capabilities as specialized math simulation software.
Also, depending on the version and package used, some advanced features may cost extra
or not be available in the standard package. This can be an obstacle for users on a budget
who need these features to support deeper and more interactive math learning
(Nurwijayanti et al., 2018).

The study's findings support the notion that media planning for learning should be
tailored to students' needs and promote two-way interaction by incorporating teachers'
diverse qualities (Yuberti et al., 2021). The results indicate that using android-based
mathematics learning media with iSpring assistance enhances students' mathematical
problem-solving abilities. The media has combined various elements, such as images and
text, to make learning mathematics more relaxed, which can enhance students'
experience, understanding, interest, and attention to the material (Chang et al., 2017).

The results indicate that this approach can stimulate and optimize students'
mathematical problem-solving skills. These findings are consistent with previous research
on Android-based learning media, which has been shown to improve problem-solving skills
(Fatma & Partana, 2019). The development of android-based mathematics learning media
should continue to consider the rapid advancement of science and technology (IPTEK),
particularly in the current Covid-19 pandemic situation where all teaching and learning
activities are conducted online from home. This learning media helps to prevent monotony
in the delivery of material and keeps up with the times (Mahuda et al., 2021).

This web-based learning media, assisted by iSpring, can be easily developed by teachers
or lecturers without requiring complicated programming languages. It allows students to
learn anytime and anywhere using their smartphones, PCs, or laptops (Yani et al., 2020).
Additionally, given the high usage of smartphones among adolescents and students, this
media provides a convenient alternative to conventional textbooks for finding lecture
references. The development of iSpring-assisted web-based learning media enables
students to learn by simply opening their smartphones, without the need to search for
references in conventional textbooks (Nurwijayanti et al., 2019).

The study, similar to others, has constraints. It did not account for factors like peer
interaction, communication skills, and the broader acceptance of using media on various
topics, which could enhance spatial abilities (Apriliani et al., 2020). These limitations
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create opportunities for further research on presenting mathematical topics through
media and educational tools.

CONCLUSION

The results of the development that have been validated and revised are web-based
interactive learning media. The results of product validation conducted by validators
obtained an average calculation of 3.23 which is included in the valid category. The results
of the trial (peer-teaching) of mathematics education master students offering B showed
an average value of practicality calculation of 3.54 which means that the product is
declared practical.

The results showed that the media was valid and practical, but did not know its
effectiveness. Therefore, the media should not be used and disseminated first. Some
suggestions put forward by researchers in media development efforts are as follows: (1)
Researchers hope that the development of this quadratic learning media can be tested on
students to determine its effectiveness. (2) Researchers hope that this learning media can
be developed on a broader quadratic equation material not only limited to the factoring
method.
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