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Development of scratch-based learning media on data
analysis material in Phase C of elementary school
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ABSTRACT

Introduction. The integration of digital technology in education is essential in the current digital era. Scratch
is one of the digital technologies based on a visual programming language that can be used by children as a
learning tool to study computational thinking skills, coding, and other mathematics domains. However, the use of
scratch in mathematics instruction, particularly data analysis, remains limited, especially in elementary schools.
Therefore, the present study aims to develop scratch-based learning media on data analysis material in phase
C (grade 5 and 6) of elementary school.

Research method. The study employed a research and development (R&D) approach using the ADDIE
(Analyze, Design, Development, Implementation, and Evaluation) development model. The process consists
of curriculum analysis, student characteristics, and iterative design adjustments based on validation feedback
from media, material, and language experts. Then, the scratch-based learning media was tested one-on-one (5
students) and in small groups (15 students) to assess the practicality of the media.

Results. The findings of this study indicate that the scratch-based learning media has fulfilled valid criteria
from the expert judgments with an Aiken V score of 0.90 (very high). The media also received a high score of
practicality from students with a score of 92%. These results confirmed that the scratch-based learning media is
appropriate for the implementation of learning data analysis in phase C of elementary schools.

Conclusion. The scratch-based learning media for data analysis has proven to be both practical and feasible
for classroom use, effectively enhancing student engagement and understanding in line with independent
curriculum standards. This media supports computational thinking and offers a model for incorporating coding
into elementary education.

KEYWORDS

ADDIE model, elementary education, data analysis, scratch-based learning media

For Citation: Putra, Z. H., Syahmi, F. P., Guslinda, & Aljarrah, A. (2025). Development of scratch-based
learning media on data analysis material in Phase C of elementary school. Perspektivy nauki i obrazovania
= Perspectives of Science and Education, (4), 505-523. https://doi.org/10.32744/pse.2025.4.33

Received: 26 February 2025 | Approved: 21 April 2025 | Published: 31 August 2025

. Q S @ @ @ This is an open access article distributed under a Creative Commons Attribution-ShareAlike International License (CC-BY-SA 4.0)
OFEN ‘\Q‘, ACCESS that allows others to share the work with an acknowledgement of the work’s authorship and initial publication in this journal




INTRODUCTION

Education for Sustainable Development (ESD) is gaining international recognition as an essential
component of excellent education and a crucial facilitator of sustainable development [1]. Education
in the 21st century faces various challenges, especially related to the new paradigm of learning that
utilizes digital technology and artificial intelligence. These transformations have the possibility of
helping us realize a better future and fulfill national and international development goals, yet they
are frequently viewed as distinct, if not incompatible [2]. Several countries, including Indonesia, are
dealing with similar issues.

The implementation of education in Indonesia is regulated based on a national curriculum that
continues to be refined following science and technology development [3]. Indonesian Law No. 20
of 2003 concerning the national education system explains that each curriculum must include a
learning plan that includes objectives, content, teaching materials, and methods used in the teaching
and learning process [4]. The government through the Ministry of Education, Culture, Research, and
Technology implemented the Merdeka curriculum with the hope of giving teachers the freedom to
create interactive and relevant learning experiences for students [5]. This shows that teachers have
an important role in designing dynamic learning activities and using innovative learning media.

The use of learning media is expected to be able to increase student interest and focus, especially
technology-based learning media [6]. The utilization of applications or websites as learning
management systems has the potential to establish a connection between students and the material
that has been studied [7]. These systems offer the advantage of constant accessibility, enabling
students to utilize their leisure time to reinforce lesson material and reduce the use of gadgets
for social media. It not only attracts attention but also facilitates the transfer of knowledge from
teachers to students [8]. According to Magunje and Chigona [9], the use of technology-based
learning media can create a more interactive learning atmosphere and encourage student motivation,
making learning more interesting and relevant to the needs of digitalization in the current era. The
implementation of technology-based learning media in the Merdeka curriculum has been carried out
at the elementary school level [10], middle school [11], and higher education [12] which generally
has a positive impact on students’ knowledge and skills. This is in line with the study of Loderer et al.
[13] who state that technology-based learning media that is applied appropriately can have a positive
impact on the development of students' skills in critical and logical thinking and help students to
better understand the material presented.

The use of technology-based learning media has experienced rapid development and brought a
new focus on the use of coding [14]. Students can use digital technology in all contexts of learning
and instructional design of coding, which not only focuses on students' academic skills but also their
self-management and social skills [15]. Several international studies on coding have been conducted,
such as Barron et al. [16], which generally show that coding needs to be taught at various levels
of education and become a competency that must be possessed by all including elementary school
students. It also influenced Indonesia to implement coding through the competency strengthening
and basic literacy implementation coaching program launched by the Ministry of Education and
Culture [17]. The application of coding in learning can be utilized by teachers in creating learning
materials such as the use of the Scratch web application.

Scratch is a coding application that can be used in designing projects, and integrating animation,
sound, and simulators [18]. This application can be easily accessed via the Internet. Scratch is one
of the visual coding applications designed by the Lifelong Kindergarten Research Group of the MIT
Media Lab to introduce programming concepts simply to children [19]. Scratch allows students to
create simple projects such as games, animations, and math applications, which are well suited to
help elementary school-aged children understand basic logic and algorithm concepts in programming
[20]. Some studies also show that Scratch learning can improve students' creativity and skills [21]
and their computational thinking skills [22]. This is in line with the opinion of Fagerlund et al. [23]
who state that Scratch is an ideal medium for introducing a computational mindset, which involves
problem decomposition and algorithm-building skills.

Scratch has great potential, but its use in Indonesia is still very limited [24]. Initial observations
in this study show that most teachers do not know Scratch and only utilize basic interactive media
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such as PowerPoint. Thus, researchers are interested in conducting research and development on
Scratch-based learning media by selecting mathematics subjects in phase C (fifth and sixth grade)
of elementary schools [25]. One of the reasons for choosing math lessons is that elementary school
students have entered the concrete operational stage that can formulate logic problems [26].

The resulting product is a learning media that contains an explanation of data analysis material in
elementary school learning and gamification quizzes. Learning with gamification is characterized

by the presence of internal rules or instructions for using the media, has a purpose, and is
designed attractively [27]. Thus, this study was conducted to find answers to the following problem
formulations:

1. How to produce a feasible Scratch-based learning media on data analysis material in phase C
of elementary school?

2. How to produce practical Scratch-based learning media on data analysis material in phase C of
elementary school?

Learning Media

Learning media can be defined as a communication process between teachers and students that
aims to achieve competence or learning objectives [28]. Learning media has an important role in
improving the learning process at school. Teachers utilize learning media as an intermediary to
present material so that it is easily understood by students [29]. Some studies that have been
conducted, for example in the study of de Roock et al. [30], generally show that effective learning
media can improve student learning outcomes and improve teacher professionalism in teaching.
Therefore, learning media needs to be designed creatively and interactively, involving students in
the activities in the media so that students are more motivated and focused in understanding the
material presented.

The development of technology brings changes in learning media into two types, namely
traditional media such as books, blackboards, and pictures and media based on video technology,
interactive applications, and digital multimedia [31]. However, along with the development of
technology, learning media are increasingly based on applications or digital media that present
information in an attractive visual and auditive manner and display real-world situations in virtual
form. Digital learning media can be adapted to the student's learning environment, thus realizing a
more active and dynamic learning experience [32].

Scratch

Scratch is a visual-based programming with the concept of drag-and-drop puzzles that aims
to facilitate users who want to learn through fun animations [33]. Scratch is a derivative of Logo,
developed at the MIT Media Lab. Scratch continues to grow in the world of education as an effort to
introduce computer science to majors other than computer science, which is also very popular as a
medium for introducing computer science at an early age. The use of Scratch can be used offline and
is free of charge. The use of Scratch can be an aid in practicing computational thinking skills [19].
Scratch consists of communication and interpretation of coding that creates patterns of interaction
between humans and computers [34]. Several studies on the use of scratch have been conducted, for
example, helping teachers stimulate students' interest in learning, supporting students in planning,
monitoring, and evaluating the learning process [35], stimulating student engagement and teacher
academic performance [36], and developing student creativity [37].

Scratch still has weaknesses as a programming language, one of which is that it does not support
procedures, so Scratch cannot be used to convey the phenomenon of recursion, which is one of
the central ideas of computer science [36]. The concept of Scratch is programming without writing
syntax and programming codes in the form of blocks that are dragged and dropped on its interface
[37]. Scratch also lacks support for data structures. However, this weakness does not appear to be
intentional on the part of Scratch's designers, as they avoid things that are too advanced for children
to learn [38]. It is incumbent upon educators to meticulously examine the technical intricacies
inherent in its utilization to subsequently furnish students with the appropriate instructional guidance,
given that students within a classroom environment may possess a disparate array of skill sets [39].
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Data Analysis Materials in Elementary School

Data is a set of information in the form of numbers or certain categories that have more meaning
than just abstract representations [40]. At the primary education level, particularly in grade five,
students are introduced to the basic concepts of statistics including data collection, processing, and
analysis. This material aims for students to understand how to organize data and derive meaning
from it, equipping them with analytical skills that are useful in everyday life [25].

In learning simple statistics in elementary school, students are taught to collect, organize, present,
and read data through daily problem-based exercises, such as counting the number of students who
like certain types of food [41]. These activities help students identify and present data in tables or
graphs, as well as draw conclusions, which is important for developing their analytical skills [7]. Data
analysis at this level also includes the introduction of simple sample measures such as averages
and percentages, which introduce simple statistical concepts [42]. By understanding statistics early
on, students can interpret information from surveys or graphs and recognize how data describe
phenomena in their environment [43]. In Merdeka Curriculum, students in phase C (grades 5-6)
are expected to sort, compare, present, analyze, and interpret data in various visual forms [7]. This
data analysis learning is essential for building numeracy and data literacy skills, as well as preparing
students to face a data-driven world and make rational decisions in the future.

METHODS

The type of research used is research and development (R&D) using the ADDIE model (Analyze,
Design, Development, Implementation, and Evaluation) [44]. This research method produces
development products that are tested feasible and practical to provide effective benefits. The
following stages of the ADDIE model are listed in Figure 1.

Develop

Figure 1 Stages of the ADDIE Model [44]

First, researchers analyzed the curriculum applied by the school to find information related to
the learning outcomes and objectives of the material contained in the Scratch media. Furthermore,
researchers analyzed the characteristics of students in terms of their thinking ability from the
age level according to Piaget's theory [45]. Researchers also observed students' attitudes in
understanding material in mathematics lessons according to Bruner's theory which explains students
views in building their knowledge obtained from experiences or new findings of students while
learning [46]. In addition, researchers also observed students' attitudes in solving problems and
collected information related to students' ability to operate technology. The goal is that researchers
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can design learning media that are relevant to students' learning styles. Finally, researchers analyzed
the material from the learning resources used by teachers and fifth-grade students. Researchers
identified material that was still difficult for students to understand in math lessons. Thus, the author
can determine the concept of Scratch media design that is relevant to the learning needs of fifth-
grade teachers and students.

Second, the design stage is where researchers collect information related to the material discussed
in the media from student textbooks and other relevant references. Furthermore, researchers
designed validation instruments and the practicality of the media. Then, the researcher made a
media concept outline according to the data analysis material references and student characteristics.
Then, researchers began designing Scratch-based learning media with animation and sound features
available in the application.

Third, the development stage is that researchers conduct validation tests on Scratch media
through questionnaires assessed by media, material, and language validators. Then, the data in the
validation questionnaire was processed using the Aiken V formula and the total score was adjusted to
the expert test validity criteria in Table 1.

Table 1
Product Validity Criteria

Correlation Coefficient Validity Interpretation
V>0,8 Very Valid
0,6<V<0,8 Valid
0,45V<0,6 Fairly Valid
0<Vv<0,4 Invalid

The validated instrument can be a reference for improving Scratch-based learning media. Then,
researchers conducted the first trial which was attended by 5 students to find out the students'
assessment of Scratch media through observation during learning and conducting interview sessions.

Fourth, the implementation stage was conducted for teachers and students in phase C or fifth-
grade elementary school. Researchers introduced Scratch media to fifth-grade teachers, gave
teachers a response questionnaire, and conducted interview sessions to assess the practicality of
using Scratch-based learning media. Furthermore, researchers conducted a small group trial which
was attended by 15 students and divided into 3 groups to practice students' cooperation attitude in
solving challenges on Scratch media. After conducting the trial, students were also given a response
questionnaire and interviewed to assess the practicality of Scratch-based learning media. Then, the
data in the response questionnaire was processed using the percentage formula and the total score
was adjusted to the media practicality category in Table 2.

Table 2

Media Practicality Criteria

Score in Percent (%)

Practicality Category

100-81% Very Practical
80-61% Practical
60-41% Practical enough
<40% Not Practical

Fifth, evaluation is carried out in each stage of the ADDIE development model. This study uses
formative evaluation to obtain feedback or assessment results that are used in revising learning
media that are being tested or after being tested [47].
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RESULTS

The following is a description of the results of Scratch-based learning media development research
on data analysis material in phase C of elementary school according to the ADDIE model stage.

Analyze

At this stage, researchers analyze the needs of learning media development, such as curriculum,
student characteristics, and materials used [48]. The description of the analysis stage that
researchers do can be seen as follows.

Curriculum Analysis

The curriculum has become a guide for teachers and students in the learning process by going
through various stages of revision according to the times and technology [49]. From the results
of the researcher's observations, class V at the primary school where the research was conducted
using the independent curriculum. The application of the independent curriculum in learning requires
teachers to think creatively and innovatively in preparing teaching tools. The independent curriculum
frees students to be able to solve problems through the discovery of information obtained but still
directed according to the concept of the material being studied. So, the importance of the teacher's
role as an educational facilitator who facilitates students with various information from the material
being taught. Therefore, Scratch-based learning media was developed to assist teachers in providing
information related to data analysis material that is difficult for students to understand and achieve
the success of learning objectives in an independent curriculum. The following mathematics learning
outcomes on data analysis material are listed in Table 3.

Table 3

Learning Outcomes for Data Analysis Materials

Learning Elements Learning Outcomes Learning Objectives
Data Analysis Students can sort, compare, pres- 1. Students can find measurement data in certain activities.
ent, and analyze data on the num- | 2. Students can sort the data set obtained.
ber of objects or measurement 3. Students can compare measurement data sets.
results in visual frequency tables, 4. Students can present data in the form of frequency
graphs, bar charts, pie charts, and tables, line graphs, bar charts, pie charts, and picture
pictograms to obtain information. charts.

Analysis of Student Characteristics

Researchers analyzed the characteristics of grade V students based on Piaget's theory and
obtained the results that grade V students at the primary school where the research was conducted
were on average 11 years old and included in the concrete operational cognitive development stage
towards formal operations [50]. Some students who are at the concrete operational stage can solve
math problems rationally but have difficulty solving them abstractly. Some other students who are
already at the formal operational stage, can solve problems abstractly and think creatively by finding
other solutions without relying on a concrete mindset.

Furthermore, researchers also analyze student characteristics based on Bruner's theory which
states that students can solve a problem by building their knowledge from previous learning
experiences. With the mindset of processing information found previously and then combining it with
the latest information being studied, students can make decisions as a solution to the problems they
face [46]. This theory is also in line with the data analysis material and behavior of grade V students,
where the material has been previously studied by students when they were in grade IV. However,
at that time students only learned the type of data processing in the form of frequency tables. Then,
when students were in grade V, students began to learn other types of data processing such as
graphs or diagrams. From students' learning experiences related to data analysis material, students
still remember how to process data in tabular form and their knowledge increases with the existence
of types of data processing in the form of line graphs, bar charts, pie charts, and pictograms.

510



However, students still need additional learning resources other than printed math books from the
Ministry of Education and Culture and Worksheet to strengthen their understanding of the material.

For this reason, students need learning media that is in accordance with their ability to think
at their age and visualize problems from everyday life in processing data. Also adjusting to the
independent curriculum, integrating technology and learning media can improve students' ability
to think computationally, namely being able to operate computer devices, and being able to
solve problems logically and structurally [51]. From the observation, the researcher found that
all students have gadgets and are proficient in using them. However, in the learning process,
the teacher uses one-way media such as PowerPoint which only contains material and animated
videos. The proper use of learning media is the occurrence of two-way learning interactions. So,
researchers developed Scratch-based learning media by utilizing simple coding applications and
involving students in accessing them.

Based on this analysis, the use of Scratch application on data analysis material is considered
appropriate for student characters. Scratch-based learning media can be accessed by students
themselves and presents data analysis material with interesting animations, harmonious sound, and
gamification quizzes as challenges that can strengthen students' understanding of the concept of data
analysis material. Learning in class feels more fun for students and teachers also get a variety of new
applications that can be used as learning media. Therefore, learning that suits the needs of students
and teachers can build prosperity for both with positive interactions [52].

Material Analysis

Researchers obtained information that students' learning resources on data analysis material
used Mathematics books for grade V of elementary school from the Ministry of Education, Culture,
Research, and Technology in Chapter 8 on Data [53]. The math book explains data collection,
presenting data in the form of tables, pictograms, and bar charts. Then, the school also provides
a math worksheet book for students to complement the material that is not explained in the
math book, namely presenting data in the form of line graphs and pie charts. The discussion of
separate materials and the display of images on the worksheet that are less clear, make students
understand the data analysis material well. Therefore, researchers chose data analysis material
because previously students already had learning experience in data processing in the form of
tables, so in grade V students began to continue learning data processing material in the form of
graphs, diagrams, and pictograms. Data analysis material also helps students to think logically and
structurally. Researchers combine both subject matter from learning resources used by teachers and
students through Scratch-based learning media. By utilizing technology, Scratch media can present
moving animations as a visual display of data processing concepts, so that students have a new
learning experience, are more motivated, and focus on learning.

Scratch media can realize mathematics learning following Piaget's theory, namely fifth-grade
students who are 11 years old can solve problems concretely and formally [50]. Furthermore,
Bruner's theory consists of three aspects, namely enactive, iconic, and symbolic. In the enactive
aspect, the presentation of examples of data processing problems on Scratch media raises problems
from the experience of the environment around students, for example, math exam score data.

Next, students process the data iconically by changing the data in the form of a frequency table

or adjusting the problem instructions. Then students interpret the data symbolically in the form

of explanations related to the results obtained by students, for example determining the highest,
lowest, or highest score they get on the math exam score. Data analysis material also improves
students' computational thinking skills in the element of decomposition, where students can arrange
data that is still random to be simpler, and in the algorithm element, where students process data
according to systematic steps [51]. Analyzing data analysis material from student learning resources
and expert theories helped researchers develop Scratch media relevant to the material studied by
grade V students.

Design

Researchers began designing research instruments and Scratch-based learning media which can
be seen in the following explanation.
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Instrument Design

The research instrument was designed to test the feasibility and practicality of Scratch-based
learning media on data analysis material in grade V SD. The research instrument to test the
feasibility of the media was assessed by three experts, namely media/design experts there are
5 indicators with 5 statements, material experts there are 5 indicators with 5 statements, and
linguists there are 5 indicators with 5 statements. Furthermore, the research instrument to test the
practicality of media use and visualization was assessed by teachers with 10 statements and students
with 10 statements. The researcher also designed an interview instrument that would be carried out
after the Scratch-based learning media trial phase with the resource person of the fifth-grade teacher
with 5 questions and the fifth-grade students with 4 questions.

Product Design

The initial stage that researchers did was to compile data analysis material tailored to student
learning needs. Furthermore, researchers grouped each type of data presentation with a varied
animation and background display using the features contained in the Scratch application. The use of
Scratch application as learning media that researchers develop consists of 35 varied backgrounds and
190 sprites.

The design concept of Scratch-based learning media begins with a title that contains an invitation
for students to learn data analysis material, namely "Learn Data Analysis Let's Go!". The menu
display contains 8 categories, namely understanding which discusses the concept and application
of data. Furthermore, the types of data processing are tables, graphs, bar charts, pie charts, and
picture diagrams. Where, each type of data processing discusses the definition and parts of statistics,
how to process data, examples of data presentation that must be completed first by students, and
the last slide as a correction of student answers. Furthermore, the challenge section contains the
concept of true or false games accompanied by a storyline and presents various data processing
missions that must be completed by students. If the student answers correctly, the animation
switches to the next mission. If the student answers incorrectly, the animation displays the word
wrong and the student must try again until it is correct. Finally, the author's biography contains a
brief biography of the researcher.

Development

Researchers have developed and improved Scratch-based learning media as a development
product validated by media, material, and language experts. The following is the appearance of the
parts of the Scratch-based learning media and the results of validation by experts.

Scratch-based Learning Media Display and Explanation

Scratch-based learning media presents 8 main menus that discuss the concept of data analysis
material (Figure 2). There are three menus on the right side and five on the left side. Before
students click the menus, they can see some explanation from the teacher's character in the
center of the screen.

All parts of the data analysis material explain concepts with visuals and language that are
easily understood by students. For instance, when students click the table menu, they will get
some information explaining this topic (Figure 3). They will learn the definition of a table and its
components.

Figure 4 presents some information on how to create or present data with key points. It provides
some information on how to present vertical or horizontal bar charts. Besides, there are some steps
that students need to follow to create a bar chart.

The Scratch-based learning media presented examples of problems that must be solved by
students. The goal is to find out students' understanding of processing data. Figure 5 presents an
example of a task that the students need to analyze and then present on a line chart.

The next step in this activity is that students can try to present the data in a line chart. Their
answers will be corrected together according to the explanation and display of the correct data
presentation (Figure 6).
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Let's Learn Data Analysis!
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Figure 2 Scratch-based Learning Media Menu Display
A table is a list of data in the form of words or numbers that
has been structured with boundary lines to make straight
forward to interpret.
{ Table
yang berisikan data berupa kata atau p—eeeeeee
B e =t pembacas, sehingga Interval: Rows
that form a data
The basic group.
parts of the Hhoug Details of
the data
table can be quantity in the
seen inthe ;‘orm of an "I'b |
) _ ine as a symbol
picture = representl:ng
beside. s each data value.
B e Frequency: The
value of each

Column

A
Total of all
frequency values

bar is written in
numerical form.

Figure 3 Explanation of Scratch-based Learning Media Materials

Bar charts have two types of data processing, namely vertical
and horizontal. Here is how to process both types of data.

How to create a
vertical bar chart.

How to create a
horizontal bar chart.
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Figure 4 Explanation of Data Presentation Tips
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Look at the picture on the right side!
What is suitable graph for that data?
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Figure 5 An Example of Problems
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- g 600
Frequency |—E 500 | © L | @ - :
[ | e[ 400 . HEEEEEEN |
N 300
s 200
| o = Fo
Th;;‘ rfﬁults of 3018 2019|2020 20212022 2023 2004 | Gares< | X line
chicken e X : =
harvest from [T——T—T—{Fasit Pater{ Telar Ayam Datl 2018 22¢

2018-2024 |1 G (G s e e T S
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1
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A graph is similar to a diagram. Types of graphs include line
graphs, bar graphs (horizontal and vertical), and pie charts.

Figure 6 An Example of Solution for a Problem

Next, the challenge contains a data processing mission with the results of student answers based
on correct or incorrect information with harmonized animation and audio. Figure 7 presents the

display of the challenging activities starting with students collecting some objects on the screen. The
following display is shown in Figure 7.

Scratch-based Learning Media Validation Results

Scratch media has been developed following suggestions from media, material, and language
expert validators, and has passed the feasibility test stage through a validation questionnaire. The
following Scratch-based learning media validation test results are listed in Table 4.
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Benda di galaxy ini
sebagai data untuic

Objects in this
galaxy as data

Can you tell me

to create a how many
graph. robots do you
see?

Objects in this
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tocreatea ‘;ﬁ'

Objects in this |

galaxy as data | =

tocreatea
graph.

Figure 7 Activities in the Menu of Challenge

Table 4

Validation Test Results

Aspects Score Validity

Design 0.91 Very Valid
Material 0.91 Very Valid
Language 0.89 Very Valid
Average 0.90 Very Valid

Scratch-based learning media is declared very valid with an average score for all aspects reaching
0.90. Scratch-based learning media has been declared feasible to enter the trial stage to grade V
students and can be accessed using Google Chrome and the internet network with the link https://
scratch.mit.edu/projects/1010472176. The QR Code version can be seen in Figure 8.

Figure 8 QR Code for Scratch-based Learning Media
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Then, the researcher introduced Scratch-based learning media to 5 fifth-grade students and worked
on sample problems individually. Researchers have asked permission from the VA, VB, and VC class
teachers to choose 1 or 2 student representatives to try Scratch media. So the representatives of
class VA were 1 student, class VB was 2 students, and class VC was 2 students. The goal is to see the
feasibility and initial practicality of using Scratch media on data analysis material before later entering
the small group trial stage. The following is the one-to-one test activity in Figure 9.

Figure 9 One to One Trial

Students are shown the display in Scratch media in the form of coding or programming language
used and Scratch media gets a positive response because the application of media with coding is
new to students. The researcher asked students trigger questions to build students' memories of the
previous data analysis material. Then, the researcher summarized the students' answers and related
them to the types of data processing. Furthermore, students began to try Scratch media by following
the narration delivered by the animation.

It begins with students clicking on the "understanding" menu then students read and understand
the definition of data, the concept of data processing, and the application of data analysis in
everyday life. All students who have understood the meaning of data can proceed to the second
menu, namely the data processing "table". For each menu in Scratch media, students are allowed to
ask questions about things they do not understand. On the "table" menu, students understand the
definition of a table, the concept of rows and columns in a table, and the placement of intervals and
frequencies. Moving on to the next slide, students understand the steps in filling in the table. Then,
students are asked to work on sample problems regarding the presentation of random data which is
then processed into a table. All students' answers were corrected and discussed together by clicking
the arrow on the last slide. It was found that all students could answer the questions well. However,
in the graph section, students still experience a slight misconception in placing the frequency value
on the y-line. Where students sorted the frequency based on the smallest humber of frequencies
in the question instead of starting from the number after 0. Meanwhile, the position of the interval
class, the placement of the connecting point between the interval and frequency, and the pull of the
connecting line were answered correctly by the students. Therefore, researchers provide explanations
to students regarding the determination of the frequency position on the x-line in data processing in
the form of graphs. So in the example of a bar chart problem, students can answer correctly because
they understand how to determine the position of the frequency on the x-line.

All discussion menus in processing data have the same stages, starting from understanding
definitions, data processing concepts, steps in processing and placing data, example problems,
and forms of solution. Finally, students click on the "challenge" menu which is accompanied by
a storyline. In the first mission, students collect initial data for the table by clicking on the fruits
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floating in the rocket. Next, students match the blocks containing the fruit data into the rows and
columns of the table appropriately. If the answer is correct, students can continue the mission for
further data processing. But, if the answer is wrong, students can retry the answer until it is correct
and the scoring applies to the entire mission in the challenge. In graph data processing, students are
asked to collect objects floating in outer space by typing the number of objects seen, then students
arrange the blocks containing the data of these objects in x and y lines accordingly in making a
graph. In bar charts and picture diagrams, students are asked to observe the data and then select
the right data according to the problem. In the pie chart, students are asked to find the angle and
percentage of the initial data presented by the animation according to the formula listed on the
screen. Students can type their answers in the column provided. After students have completed all
the challenges, the researcher and students summarize the learning that has been done.

Based on the results of the one-to-one trial, it was found that Scratch-based learning media on
data analysis material received good responses from students. In addition to being proficient in
using laptops, students' motivation and learning activeness also increased, although there were a
few misconceptions experienced by students, students had a high interest in correcting mistakes and
focusing on learning. Therefore, Scratch media can be continued at the small group trial stage.

Implementation

Researchers first asked for teacher responses regarding Scratch media assessed through response
questionnaires and interviews. Scratch media received a positive response from the teacher, then
the researcher asked permission from the teacher to select 15 students to take part in the small
group trial stage. Students who took part in this trial were differentiated from students who had
participated in the previous one-to-one trial so that other students had the opportunity to use
Scratch media. It began with the division of students into 3 groups, where each group consisted
of 5 students. The goal is to improve students' cooperation attitude in solving challenges later. The
following small group trial implementation process is shown in Figure 10.

The implementation of this trial began with the introduction and explanation of Scratch-based
learning media by researchers. Then, students were allowed to see the display in coding on Scratch
so that students could find out how Scratch media was designed. Then, the researcher explained
a little about the data analysis material so that students recalled the material they had learned.
Furthermore, students try the media and understand the explanation of data analysis material
starting from the definition menu, tables, graphs, bar charts, pie charts, and picture diagrams.

In each menu, there are examples of data presentation that must be completed first by students
individually, then go to the next slide for answer correction. The results of students' answers to each
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example problem are discussed together as a reflection of students completing data presentations
appropriately and systematically. Students' answers that are still wrong can be corrected by
understanding the material on the previous slide again. After students have successfully understood
the material and completed the presentation of the problem well, students can move on to the
challenge section. In the challenge menu, each group works together to complete it quickly. The first
group to complete the challenge is the winner.

The three groups began to complete the challenge with enthusiasm. The researcher formed groups
of 5 students, adjusting the type of data processing, namely tables, graphs, bar charts, pie charts,
and picture charts. So that students can take turns using the laptop to complete the challenge. At
the end of the challenge, group 2 from class VB won, followed by Group 3 from class VC, and finally
group 1 from class VA. Then, researchers together with students summarized the material that had
been learned and researchers also asked about students' responses to Scratch media. The following
is an excerpt of the researcher's interview with one of the students.

Researcher: How do you respond to Scratch-based learning media on data analysis material?

Student : It's more fun because you can get that knowledge.

Researcher: Can you understand the explanation of data analysis material contained in Scratch
media?

Student : I can, because the explanation is complete.

Researcher: In your opinion, which way of learning is fun and easy to understand? Is it using
learning media or not?

Student : Use learning media because it's more exciting and fun to use a laptop.

Researcher: The Scratch app can be used by children to create a variety of simple works, such as
games, picture stories, and so on. Are you interested in trying it out?

Student : Really interested because it's fun to play games too.

Data analysis material is included in mathematics learning which is quite complex with problem
solving based on logic and will continue to be studied at the next level of education. Thus, teachers
need to instill the concept of data analysis material by using innovative learning media combined with
effective learning tools for students.

Evaluation

A formative evaluation was conducted to improve the Scratch-based learning media. Through
the validation test, researchers improved the media according to the suggestions and input from
the three validators to produce a feasible learning media. The results of the Scratch media trial for
teachers and fifth-grade students are useful for measuring the practicality of using Scratch-based
learning media. The following is a recap of the results of the validation test and the practicality test of
Scratch-based learning media listed in Table 5.

Table 5

Recap of Validation Test and Practicality Test Results

Assessment Stage Percentage Category
Validation 90% Very Valid
Grade V Teacher Response 96% Very Practical
Small Group Trial 92% Very Practical

Thus, Scratch-based learning media on data analysis material in phase C elementary schools
are feasible and practical to use in classroom learning. All elementary school levels can access this
learning media through the Scratch application using only the internet and website. Scratch-based
learning media has become one of the pioneers of the use of coding applications in learning.
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DISCUSSION

Learning media is a teaching aid for teachers to support the student learning process [54].
Currently, learning media can be combined with technology and varied with various applications
that support subject matter and student characters. Effective learning media is media that involves
students in its use and builds good communication between teachers and students [55]. Therefore,
this research fulfills the needs of teachers and students by developing Scratch-based learning media.
The application of coding applications in elementary schools is still rarely used, so developing learning
media using Scratch can create effective learning for grade V students [56]. The use of Scratch
media for grade V students can hone their computational thinking skills, and increase their creativity
to try new things that are positive towards technology [57].

Scratch-based learning media on data analysis material in phase C of elementary school was
developed using the ADDIE development model [44]. Following the stages, researchers began to
analyze related to the curriculum used by schools, the characteristics of grade V students, and the
material contained in Scratch media. It was found that fifth-grade students at the elementary school
apply an independent curriculum that directs students to be able to solve problems logically and
systematically through the discovery of mathematics learning information. The learning outcomes
of data analysis material in the independent curriculum can be linked to the use of programming
applications such as Scratch that guide students to be more analytical in obtaining information
from technology [58]. Furthermore, the results of the analysis of student characteristics with data
analysis material are based on Piaget's theory, where the age of grade V students starting from 11
years is already at the formal operational cognitive development stage which can think abstractly to
systematically or vice versa [50]. For this reason, Scratch media visualizes data analysis material
with example problems that students can solve systematically. Then, the way students build their
knowledge is based on Bruner's theory regarding learning experiences in finding information [46].
Where Scratch media displays a comprehensive discussion of data processing in elementary school.
Thus, students can recall the types of data processing that have been studied in grade IV in the form
of tables, then the latest information is obtained when students are in grade V for data processing in
the form of graphs or diagrams. Finally, Scratch media on data analysis material involves students
interacting with computer devices, and data processing done by students can improve the mindset of
computational decomposition and algorithms [51].

The media development and implementation stage is important to determine the feasibility and
practicality of using the media over a wide range and long period. The Scratch media that has been
designed is then tested for validation by experts and the assessment results are adjusted to the
Aiken V validity index [59]. Suggestions and input from experts are very important for researchers
to improve Scratch-based learning media. The media that has been feasible can be tested on grade
V students. Students are very enthusiastic, and active, and enjoy the learning process using Scratch
media about data analysis material. Previously, students had difficulty understanding how to process
data due to limited book discussions and less varied media. With Scratch media, students no longer
consider math as a difficult and boring lesson. Thus, the Scratch media trial stage for teachers and
grade V students received a positive assessment from the response questionnaire, and Scratch
media was declared practical to be applied to learning in grade V at the research elementary school
and other elementary schools [60]. The use of Scratch application can be utilized by teachers as a
creative and interactive learning media for achieving learning success in the classroom [61]. Scratch
media can also be used for students who are slow in learning because its unlimited access can help
teachers retell the concept of data analysis material to these students [62]. In addition, support from
schools in the form of adequate technology facilities also gives teachers a positive perception of slow-
learning students, where teachers believe that these students can learn the material even though
it takes time and repeated explanations [63]. Thus, Scratch-based learning media that utilizes
technology can help slow learners understand data analysis material well and on par with other
students with normal capacity [64].

CONCLUSIONS

Scratch-based learning media on data analysis material has been tested feasible and practical, so
it can help teachers teach data analysis material that is effective and fun for students. Scratch-based
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learning media is very appropriate for use in the independent curriculum and can also be used in

the long term. The use of coding applications such as Scratch is following the progress of the times
in the era of Society 5.0. Scratch media can hone students' creativity and computational mindset in
solving problems in processing data in a structured manner with the right steps. This is evidenced

by the results of the experts' validation test on Scratch-based learning media declared very valid.
Then for the results of media trials to students and teachers, Scratch-based learning media get very
good responses and follow student learning needs. Scratch-based learning media can be used as an
illustration and guide for teachers and other researchers who want to develop Scratch-based learning
media with varied materials and the application of more complex coding features.
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