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Abstract. Mathematics is one of the important subjects in the development of
various disciplines and professions. However, many students have difficulty in
understanding mathematics material, especially geometry, which has an impact
on their low learning activities and results. Learning has also not accommodated
the learning needs of all students in the classroom, including the use of
technology that is still lacking. This research aims to develop, distinguish, find,
build, discover the properties (BeCaBaTu) multimedia learning media to increase
student involvement in learning the concept of building space for 4th grade
elementary school. The method used is research and development (R&D) which
includes stages: preliminary study to identify students' learning needs, learning
planning and determination of product specifications, product development and
validation by experts, and dissemination of developed products. The results of
expert validation and classroom implementation show that BeCaBaTu media
meets the eligibility criteria for use in learning, with an increase in student
activity reaching the excellent category with a score of 81%. In addition, 55% of
students were able to produce spatial products in accordance with the criteria
without assistance, while 45% of students still needed assistance in this process.
The use of BeCaBaTu, that combines concrete objects and interactive
technology, can improve students' activities and understanding of geometry
concepts. This study recommends further development to test the effectiveness
of BeCaBaTu on more complex geometry materials or for different age groups
to expand the benefits of this media.
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1 Introduction

Mathematics is one of the most important subjects, various disciplines and professions
require mathematics in them [1]. Learning math in elementary school is very important
because these basic concepts are very influential at the next level. However, the reality
is that math is considered difficult for some students. Problems in learning mathematics,
especially in geometry subjects, include low student activity and learning outcomes.
Based on observations carried out at elementary school (SDN 6 Besole), students did
not understand the basic concepts of flat shapes and spatial/ geometrical shapes. The
teacher's strategy in learning this space was to open books, draw and do assignments.
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Observation of concrete objects is rarely done. The teacher used the lecture method
without using interesting media results in passive student learning.

The diversity of students in the classroom is a challenge for teachers to make various
efforts to ensure that the learning process brings success to every student in the class
[2]. In fact, learning activities often did not pay attention to the needs of students with
different characteristics. Learning activities only accommodate students with certain
learning styles and less favorable to others. Kinesthetic students are often considered
disruptive in conventional learning activities explaining material and answering ques-
tions. Teachers should consider using technology in mathematics learning because 4th
grade elementary school students are familiar with smartphones. Most students have
their own devices, but this has not been optimized in learning, either by teachers or
parents.

Each individual has different interests, potential, and talents, so the teacher's role is
to coordinate and collaborate on these differences with the right strategy [3]. Teachers
are expected to provide opportunities for students to build their own knowledge and
appreciate the relationship between mathematics and their lives. Based on this state-
ment, the researcher tried to change the orientation of the teacher center to the student
center. Learning activities need to be more than listening and memorizing, namely by
finding problems, conducting investigations through a series of activities and collabo-
ration, and drawing conclusions. One of them is the development of learning media.

Learning media is anything that is used to channel messages or information from
sender to receiver to stimulate students' thoughts, feelings, attention, interests, and will-
ingness [4]. In this context, the development of the BeCaBaTu media for learning cubes
and cuboids serves as an innovative approach to enhance students' spatial reasoning and
engagement. By integrating interactive and concrete elements, BeCaBaTu not only sim-
plifies abstract geometric concepts but also fosters deeper cognitive connections, en-
couraging students to explore, analyze, and apply their understanding in a more mean-
ingful way.

Teacher creativity in using media and teaching aids in learning will allow students
to learn better and can improve their performance in accordance with the objectives to
be achieved [5]. Through the use of BeCaBaTu multimedia, students will learn actively.
These activities are expected to increase student involvement in learning. BeCaBaTu is
an acronym for distinguish (bedakan), find the nets (cari jaring-jaring), build (buat
bangun) and discover the properties (temukan sifatnya). BeCaBaTu combines concrete
objects and technology to build the concept of geometrical shapes. Considerations for
selecting this media are in accordance with learning objectives, in accordance with the
characteristics of diverse students, tools and materials that are easy to find and easy to
make, and also easy and safe to use by students. Based on several statements above, the
researchers formulated the problems in the development research as follows.

1. How is the development of BeCaBaTu multimedia in learning cubes and cuboids?

2. How can the use of BeCaBaTu multimedia increase student activity in learning cu-
bes and cuboids?

3. How can the use of BeCaBaTu multimedia improve students' skills in making nets
of cubes and cuboids?
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The BeCaBaTu media can improve students' understanding of geometrical shapes,
in addition to fostering critical thinking and problem-solving skills through hands-on
exploration. Through engaging in activities of distinguishing, constructing, and discov-
ering geometric properties, students develop a deeper conceptual understanding. The
integration of technology in BeCaBaTu provides an interactive learning experience,
making abstract math concepts more tangible and accessible. Interactive media, includ-
ing technology-based learning media, can increase students' interest in learning and also
provide a positive response [6]. This approach is in line with the principles of differen-
tiated teaching, so students with different learning styles can actively participate and
achieve meaningful learning outcomes.

2 Literature Review

2.1  Learning Mathematics

Learning involves a person in an effort to gain knowledge, skills and positive values by
utilizing various sources for learning by involving students as learners and teachers as
facilitators [5]. Mathematics is one of the disciplines that can improve the ability to
think, recognize shapes, order of magnitude, and interconnected concepts [7]. And one
of the most important aspects of learning mathematics is the ability to understand con-
cepts.

2.2  Multimedia Learning

Multimedia consists of the word ‘multi” which means many and ‘media’ which means
a tool or means to convey information, so that multimedia can be associated with media
elements combined [8]. Philips states that ‘Instructional Multi Media (IMM) has the
potential to accommodate people with different learning styles’ [9]. Multimedia can
combine text, art, sound, animated images, and videos that are delivered interactively

[8].

2.3  Geometrical Shapes

Spatial shapes are geometric shapes that have height or thickness. Spaces are also called
three-dimensional shapes. Spaces are formed by rectangular areas called sides, and usu-
ally the flat part of a space is called a surface. Meanwhile, the properties of each shape
consist of sides, ribs, and corner points. A side is a plane that borders a shape. Ribs are
lines that are the meeting or intersection of the sides in a shape, while the corner points
are the intersection points of several ribs [10]. The material of building space is included
in the geometry section, in which there are cubes, cuboids, prisms, and pyramids, which
in the learning process require visualization so that the concepts contained in flat-sided
space can be understood by students [11]. A cube is a cuboid or special right prism with
all sides square. A cuboid is also called a right-angled prism. A cuboid has 6 sides, each
of which is rectangular [5].
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3 Method

3.1 Research Design

This study uses a research and development (R&D) method by adapting the Borg and
Gall perspective used to develop and validate educational products [12]. The stages of
this research are preliminary studies, planning, product development and validation by
experts, and dissemination of developed products. The product resulting from this re-
search is BeCaBaTu multimedia. BeCaBaTu is an acronym for distinguish (bedakan),
find the nets (cari jaring-jaring), build (buat bangun) and discover the properties
(temukan sifatnya) as a student activity guide in learning geometry.

3.2 Research Procedure

The following are the steps applied in the BeCaBaTu multimedia development re-
search.

Preliminary Study. This step focuses on analyzing student needs. The researcher con-
ducted observations of mathematics learning, paying particular attention to student ac-
tivities and the classroom management strategies employed by the teacher. In addition,
interviews were held with students to gather insights into their experiences during the
learning process and to explore their aspirations regarding their expected learning out-
comes.

Participants and Instruments. The participants were five students in 4th grade SDN 6
Besole, selected for having distinct learning needs compared to their peers. The inter-
views were conducted using an unstructured format. Then the researcher also used a
learning practice observation sheet. Observations were carried out during mathematics
lessons at SDN 6 Besole.

Planning. At this stage, the researcher makes a lesson plan, determines the participants,
determines the specifications of the product developed.

Lesson Plan. The lesson plan developed is a teaching module tailored to meet students'
needs in the classroom. The researcher ensures that the material aligns with the intended
learning outcomes, which include students' abilities to recognize and describe the char-
acteristics of, and create cubes and rectangular prisms. The lesson spans five instruc-
tional hours (35 minutes per hour). The learning activities follow the stages outlined in
the BeCaBaTu multimedia framework. Assessment is conducted at three points: at the
beginning using flat and solid shape cards, during the lesson with a Wordwall game,
and at the end with an evaluation sheet.
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Research Subject. The users in the trial of BeCaBaTu Media in this study were 19
students of grade 4th elementary school (SDN 6 Besole) in the 2022/2023 school year
from February to May 2023.

Product Specifications. BeCaBaTu Multimedia is a big book that combines concrete
and technology-based media, complete with teaching modules and instructions for use.
The first activity involves presenting pictures of flat and spatial figures, so that students
can distinguish between them. In the second activity, students are given congruent
squares and rectangles to arrange into nets of cubes and cuboids. In the third activity,
students make various patterns of cube and cuboid nets and arrange them. Next, stu-
dents access the WordWall game as a formative assessment. Finally, students explain
the properties of the shapes. Reinforcement of the material is provided through acces-
sible learning video links.

Product Development and Revision. Product development was carried out in two
stages: creating visual media and embedding additional digital media accessible via
barcodes. The BeCaBaTu media was designed based on the previously defined activity
stages, with all content compiled in a big book format. Media experts, consisting of two
lecturers with expertise in multimedia learning development and two elementary school
teachers as material experts, reviewed the content.

The instruments used for evaluation were media and material validation question-
naires. This questionnaire was adapted from previous research, with validation indica-
tors including instructions for using the media, understanding of concepts, display qual-
ity, selection of materials, ease of understanding through the use of media, attractive-
ness of media design, integration of technology, ease of media application, ease of use
for students to learn independently, and the media's ability to foster creativity, critical
thinking, collaboration, and student communication.

The data obtained from the validation of material and media experts were analyzed
with criteria based on the following table. Table 1 presents the validity criteria for Be-
CaBaTu multimedia in learning about cubes and cuboids.

Table 1. Validity criteria [13].

Points Criteria
81-100 Very Good
61-80 Good

41 - 60 Fair
21-40 Poor
0-20 Very Poor

Product trials were conducted following validation, with two teachers as observers
and the researcher as the practitioner. Instruments used included observation sheets for
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learning practices, student activities, and product assessment. Data obtained from learn-
ing observations were analyzed with criteria based on the following table. Table 2 pre-
sents the criteria of student activity using BeCaBaTu.

Table 2. Students’ activity criteria [13].

Students’ activity Score for the number of active students
1 2 3 4 5
Learning and discovering
knowledge
Building understanding 0-20% 21-40%  41-60%  61-80%  81-100%
Communicating the result
Reflecting
Criteria Very Poor  Poor Fair Good Very Good

Dissemination. The researcher compiled a report and shared it with peers in a commu-
nity of learner teachers. This dissemination aims to share best practices and gather feed-
back for refining the development products.

4 Result and Discussion

4.1 Result

This section describes the data from the research results with the R&D method that has
been determined as follows.

Preliminary Study Data. Observations of mathematics learning practices and student
interviews revealed that teachers rarely use media during instruction. The typical learn-
ing process involves asking students to open their textbooks, followed by teacher ex-
planations and assignments. While some students displayed high enthusiasm by ac-
tively participating in discussions, listening attentively, and completing tasks diligently,
others appeared disengaged, often yawning, daydreaming, or chatting with peers. Some
students approached assignments half-heartedly, and some left them incomplete. This
limited student engagement and hindered their understanding of mathematical con-
cepts.

Interviews with students revealed the following insights: students show a strong in-
terest in using smartphones, spending more than half of their time at home on them,
with minimal time dedicated to studying. Students expressed a desire for varied teach-
ing methods and the integration of technology in the learning process, as most are al-
ready familiar with gadgets and various applications. They also seek more interactive
learning experiences, such as games and hands-on activities, that allow for active en-
gagement rather than solely writing and completing assignments.
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Data of Media Development. BeCaBaTu interactive multimedia was developed based
on classroom problems and needs analysis to enhance student engagement through
technology-supported learning. The initial design includes various activities, such as
differentiating between flat and spatial shapes, identifying nets of cubes and cuboids,
creating spatial shapes, and exploring their properties.

The development process consists of two main stages: creating visual media and
embedding supportive digital media through barcodes. In the differentiate (bedakan)
activity, the researcher created cards featuring images of plane and spatial shapes. This
activity serves as a formative assessment to gauge students' prior knowledge of spatial
shapes. These cards were designed using Canva (see Fig. 1).

Fig. 1. The geometrical shapes flashcards.

For the find the nets activity, squares and rectangles were created to represent the
nets of cubes and cuboids. The dimensions were adjusted to fit on pasteboard, using
decimal measurements to facilitate their use in teaching measurement and fractions.
Holes were drilled along the edges to allow the sides of the shapes to be connected. A
small folder made of cardboard was also created to store the quadrilateral pieces (see
Fig. 2).
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Cardboard paper formed into congruent The nets of cuboid formed from
quadrilaterals and covered with colored paper.  congruent quadrilaterals

The nets of cuboid formed from congruent Nets connected by a small wire to be
quadrilaterals formed into a space shape

Fig. 2. The media for finding the nets activity.

The next activity involves creating digital content. Using the WordWall app or a
similar platform, an interactive game was developed to reinforce concepts of spatial
shapes, their properties, and their nets. The game link was then converted into a barcode

for easy access.

0:09 +011:06 /0

Di bawah ini yang bukan Pernyataan yang tidak

iarine-iari sesuai tentang bangun
jaring-jaring kubus adalah .... FUENg AdAH

A B

merupakan N memiikiisl | merupakan
dimensi atau volume bidang datar

1dari5 > & 5313 <] 5dari5

Menemukan jarang-jaring bangun ruang & mghn Menemukan jarang-jaring bangun ruang A Baghan

Fig. 3. The media for finding the nets activity in WordWall.

As shown in Fig. 3, this game is used as a formative assessment and contains a quiz
for students. The quiz content includes differentiating between plane and spatial shapes,
selecting the correct net patterns, identifying the shapes of cube and cuboid faces, and
recognizing the differences in structure between cubes and cuboids. A video was cre-
ated using the Canva application and uploaded to YouTube (see Fig. 4). The video link
was copied and converted into a barcode for easy student access. This video serves as
a supplementary resource to visually support students' understanding of spatial shapes
and their properties.
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Fig. 4. The learning video as a supplementary resource for students.

The video content includes explanations of key concepts and properties of cubes and
cuboids, such as faces, edges, vertices, and other defining characteristics. This video is
intended to reinforce students' understanding of the material, providing a visual and
conceptual aid to support their learning.

The evaluation is structured by presenting a picture of a space building, and students
identify it according to the instructions (see Fig. 5).

EVALUATION 2 Uave a cubsi ke im the picture. Try to fisd the 3. Explaim the characteristics of cube!
1. b cube ke i the picture, Try b Flnd the correct smver s et on Ve BAcHINE Vg G gl choome 3 -
mots based o the picturia] You cam chease 3 -4 A patierm!

patierns!

ot o chrehling o the correet anvwer! & checklut oa the carreet smvwes!

—

All media components are put together in a big book by providing instructions for
use. Instructions are made about distinguishing flat and spatial shapes, finding their

nets, creating spatial shapes, and utilizing barcodes using Canva, then printed using
photo paper (see Fig. 6).

Fig. 5. The students’ evaluation.
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Fig. 6. The BeCaBaTu multimedia.

Validation Result Data. Based on expert recommendations, the BeCaBaTu media is
considered suitable for teaching spatial structures to 4th grade elementary students. The
validation results, as shown in Table 3, confirm its feasibility for classroom implemen-
tation. Then, the results of the material expert validation are presented in Table 4.
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Table 3. Media expert validation result.

Media components Score Average  Criteria
Expert 1 Expert 2

BeCaBaTu Multimedia 82.5 82.5 82.5 Very Good

Learning Video 86.1 88.9 87.5 Very Good

WordWall Games 86.1 88.9 87.5 Very Good

Table 4. Material expert validation result.

Material suitability aspects Score
Expert 1 Expert 2

Learning Objectives 4 4
Material Sequence 4 4
Use of Language 4 3
Interaction with Students 4 4
Students’ Understanding 4 4
Critical Thinking Skill 3 3
Students’ Character 3 3
Clarity of Material 3 3
Total Points 29 28
Points Conversion 90.6 87.5
Average 89
Criteria Very Good

The two tables present the results of the validation by material and media experts.
The content of BeCaBaTu multimedia meets the criteria for being highly valid and is
deemed appropriate for teaching cubes and cuboids. The validators noted that the ob-
jectives align well with the material sequence, the language used is appropriate, and the
content effectively enhances student understanding, encourages critical thinking, and
promotes character development. The material descriptions are also clear. However,
the validator suggested revising the media display and illustrations to make them more
engaging for elementary school students.

Product Trial Result Data. The learning practices are summarized in Table 5.

Table 5. Learning with BeCaBaTu multimedia.

Media usage flow Learning activity

Opening a. The teacher greeted the students, asked how they were,
invited them to pray together, checked the students' at-
tendance and invited the students to commit.
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b. The teacher makes apperception by asking the shape of
objects in the classroom.

c. Students listen to the teacher's explanation of the learning
objectives and activities to be carried out.

Students are divided into four groups of 4-5 members.

e. The teacher introduces BeCaBaTu media and gives an ex-
planation of its use and distributes group worksheets.

Distinguish f. The teacher asks one of the students to open BeCaBaTu
media to find the first activity to be done.

g. Students discuss classically to answer the questions in the
first activity.

h. Each group presents their work; other groups are given the
opportunity to respond.

Find the nets i.  Each group chooses a congruent square or rectangle to ar-
range into a cube or block; in the process, they try to find
some net patterns.

j-  Students' findings in the form of nets of cubes or cuboids,
drawn in their notebooks.

Build the cube and cuboids k. Students make the shapes of the congruent square and rec-

tangle. They use a small wire to connect them.

Each group presents their results, and the others respond.

m. Students use prior knowledge to make cubes and cuboids
according to their creations. This task can be continued at
home to choose materials and sizes according to students'
preferences.

n. Students access a WordWall game that contains a forma-
tive assessment on cubes and cuboids

Discover the properties 0. Students find the properties of cubes and cuboids, and
write them on Post-it paper.

p. Students discuss with their friends about their findings re-
lated to the properties of cubes and cuboids. The teacher
provides references related to the sides, ribs, corner
points, similarities and differences between the two
shapes.

g- Students access reinforcement material about cubes and
cuboids in the form of videos through the available bar-
code.

r. The teacher gives verbal reinforcement, reflects and con-
cludes with the students.

Closing s. Students summarize the material and reflect on the learn-
ing activities that have been done.

t.  Students do the evaluation sheet that has been available in
BecaBaTu media.

u. The teacher reminds the students to complete the linking
of cubes and cuboids, which will be discussed at the next
meeting.

—

The implementation of BeCaBaTu media was supported by the teacher's teaching
skills in delivering objectives and materials, including the alignment of learning steps
with the prepared teaching module. The emergence of student responses in the form of
questions, reactions, exploration, and presentations was also influenced by the teacher's
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skills in guiding them. Similarly, the collaboration process between students became
more structured with teacher guidance. Teachers also provided explanations and addi-
tional information about the use of media to ensure that learning aligned with the ob-
jectives. The following picture is documentation of student activities using BeCaBaTu
media to understand cube and cuboid material.

Fig. 7. Students’ activity using media BeCaBaTu.

The student activities using BeCaBaTu multimedia, along with the assessment data
of student-produced products, are presented in the following two tables.

Table 6. The students’ activity using BeCaBaTu.

Students’ activity Percentage Quality
Learning and discovering knowledge 74% Good
Build understanding 80% Good
Communicating the result 80% Very Good
Reflecting 89% Very Good
Average 81% Very Good

Table 6. shows that student activities in mathematics learning using BeCaBaTu media
foster student independence in acquiring knowledge. Through discovery activities,
students are able to build understanding, communicate their findings, and engage in
reflection.

Table 7. The recap of product assessment results in making cube and cuboids.

Category Students Percentage
A 8 44%
B 2 11%

C 7 39%
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D 1 6%

Table 7 shows that 55% of students produced products that met the criteria, while 45%
of students required further guidance in creating the nets of cubes and cuboids.

Dissemination. This media was also disseminated at the SEA MTLM Workshop
(South East Asia Mathematics Teaching and Learning Model) as part of the Sam Rat-
ulangi Award 2023. This is part of the process of sustainability and improvement of the
media that has been made. During this activity, experts provided the following sugges-
tions: 1) improve the media by replacing the multiple-choice evaluation using Google
Forms with assessments that better foster students' critical thinking skills; and 2) sim-
plify the activities, reducing the original sequence of Bedakan, Cari, Kreasikan,
Manfaatkan, and Temukan Sifatnya (BeCaKManTen) to Bedakan, Cari, Buat Bangun,
and Temukan Sifatnya (BeCaBaTu). An obstacle encountered when using BeCaBaTu
media in learning was that the hook wire used to connect flat shapes to form nets was
not strong enough, leading to longer preparation times. Additionally, a small number
of students still struggled to understand the concept of edges (ribs). To address these
issues, efforts were made to replace the hook wire with a larger, stronger version. For
better understanding of the concept of edges, supporting materials such as skewers and
plasticine were introduced. Based on expert recommendations, revisions were also
made to the evaluation method, replacing Google Forms with activities designed to
stimulate students' critical thinking skills.

4.2 Discussion

This research produced BeCaBaTu multimedia for learning mathematics. Be-CaBaTu
media combines concrete objects with applications that can be accessed using gadgets
or other digital devices. The media are summarized in a big book to place all the com-
ponents where, for application-based media, barcodes and links are embedded. Interac-
tive media, one of which is device-based learning media can increase student interest
in learning and also provide a positive response [6].

Learning activities involve elements of body and soul, in other words, to do some-
thing learning activities that are more important are the encouragement or desire that
arises from within students, although encouragement from outside as another effort is
no less important [9]. Student activities in mathematics learning in elementary school
include sharing mathematical ideas through group discussions; identifying and formu-
lating important things from the problem, investigation and problem solving; communi-
cating the results of problem solving; evaluating results and drawing conclusions.

Learning activities using BeCaBaTu media consist of a series of activities to distin-
guish flat and spatial shapes, find nets and arrange cubes and cuboids by manipulating
available concrete objects. The next stage is to discover the properties of cubes and
cuboids. Students are also given the opportunity to discover knowledge through games
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and accessing learning videos. Mathematics learning can be carried out through plant-
ing basic concepts, understanding concepts, and fostering skills so that students are
skilled in using concepts obtained through the process of learning mathematics [14].

The activity of finding the nets of cubes and cuboids by arranging several congruent
flat shapes is in accordance with Piaget's theory where elementary school students at
the age of 7-12 years are at the concrete operational stage [15]. The consequence of this
condition is that when learning students are still bound by concrete objects that can be
captured by their five senses. The concrete objects referred to in the BeCaBaTu media
are a collection of flat shapes that can be arranged to form a space.

Student activities in mathematics learning using BeCaBaTu media are able to bring
out student independence in finding knowledge, building understanding through dis-
covery activities, communicating results, and reflecting. These activities are in accord-
ance with the statement about elementary school mathematics learning activities,
namely: (1) sharing mathematical ideas through group discussions; (2) identifying and
formulating important things from the problem; (3) investigation and problem solving;
(4) communicating the results of problem solving; and (5) evaluating results and draw-
ing conclusions [16]. Heruman also states that in learning elementary mathematics, re-
invention is expected [17].

Bloom classifies learning outcomes into three domains, namely cognitive, affective,
and psychomotor. Then, Gagne divides them into five groups, including verbal infor-
mation, intellectual skills, cognitive knowledge, motor skills, and attitudes [10]. All of
these aspects will be assessed as a form of learning outcomes that will determine the
level of as a form of learning outcomes that will determine the success rate of students.
Learning outcomes can also be interpreted as the process of giving value to the learning
outcomes that students have achieved with certain criteria in aspects of knowledge,
attitudes, and skills [11].

Most students in the class successfully created cubes and cuboids that met the crite-
ria, demonstrating their understanding of spatial concepts. These products reflect their
grasp of spatial structures, and students were able to identify the properties of spatial
shapes through their work. A small number of students, however, required teacher as-
sistance to complete the task. The learning to build space requires visualization so that
the concepts contained in flat-sided space can be understood by students [11].

5 Conclusion

This research produced BeCaBaTu media to improve students' engagement and learn-
ing outcomes in studying cubes and blocks. Students participated in various activities
to discover concepts in cube and cuboid materials. Additionally, they developed skills
in creating the nets of cubes and cuboids. The teacher's skill as a facilitator was also
highly influential in the use of this media, making it a challenge in itself. Further re-
search needs to be conducted to expand the study by testing the effectiveness of the
media. Moreover, additional research is required to develop new features that can en-
hance student engagement in other subjects.
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