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Abstract

Although fractions are commonly taught in mathematics education, students often demonstrate a limited
understanding of them. This study aims to enhance students’ fraction sense through the use of Animaker media,
grounded in the principles of Realistic Mathematics Education (RME). The study employed a design research
approach consisting of several stages: preliminary design, teaching experiment, and retrospective analysis.
Classroom experiments included observation, video recordings, and document analysis. The participants
comprised 135 fourth-grade students from two primary schools in West Java, Indonesia. The findings suggest
that activities designed using Animaker media significantly enhanced students’ fraction sense, particularly in
understanding the part-whole relationship. Furthermore, the use of Animaker media within a realistic context not
only strengthened their understanding but also fostered mathematical reasoning related to fractions. The
contribution of this research lies in demonstrating how multimedia—specifically Animaker—can be effectively
integrated into instructional tasks on fractions, providing a meaningful, context-based learning experience that
enhances both understanding and application of mathematical concepts.
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INTRODUCTION

Fractions remain an essential topic in mathematics education, offering rich opportunities to
explore real-world problem-solving. Achieving proficiency in solving fraction problems is a
fundamental aspect of mathematics education (Pramudiani, et al., 2024). In recent decades, numerous
studies have explored the topic of fractions. For example, Kamberi et al. (2022) examined the impact
of concrete representations on primary school students’ understanding and use of fractions. Several
researchers have examined operations with fractions, such as addition and subtraction (Setambah et al.,
2021) and multiplication of fraction (Purnomo et al., 2022). They argue that building a strong
conceptual understanding of fractions is essential for developing overall mathematical knowledge.

However, most of the literature focuses solely on the knowledge and understanding of fractions,
while the development of fraction sense is often overlooked (Hoon et al., 2020). Yet, fraction sense
plays a crucial role as a foundation for students to learn more complex fraction concepts and to solve
fraction-related problems. According to Fennell & Karp (2017), understanding fraction sense is
important for success in advanced mathematics and is applicable in various professions and everyday
situations.

The study of Dogan & Tertemiz (2019) summarizes several research findings, indicating that
fractions involve five distinct interpretations: part-whole relationship, measurement, ratio, division, and

operator. One interpretation of a fraction is as a part of a whole. In accordance with this interpretation,
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a unit is divided evenly into equal parts, or a set is divided equally into smaller quantities (e.g., eighths,
sixths, or halves), and the numbers of these parts are used to represent fractional amounts (e.g., three-
eighths, five-sixths, one-half).

Fractions are commonly understood as numbers or objects divided into equal parts (Cadez &
Kolar, 2018). However, in this study, a task was designed in which the sizes of the object’s parts
appeared unequal. This was intended to trigger students' disequilibrium, thereby strengthening their
fraction sense as a foundation for developing other skills, such as mathematical reasoning. Some
previous studies have shown that by experiencing disequilibrium, students continuously reconstructed
their understanding (Cavicchi, 2018; Rizqika et al., 2021; Tucker, 2017). The study by Pramudiani et
al. (2023) has shown that challenging tasks incorporating students’ experiences of disequilibrium can
stimulate their mathematical reasoning (defining, analyzing, determining, making conjectures,
investigating conjectures, and drawing conclusions).

In this research, students’ fraction sense was assessed with the support of multimedia tools,
namely Animaker, within a realistic context. The use of Animaker within a realistic context is grounded
in previous research findings, which demonstrate that both media and realistic approaches offer
advantages that may play a significant role in this study. Recent research, including studies by Anisa et
al. (2023) and Manik & Sukmayadi (2024), shows that Animaker enhances the teaching and learning
process by offering engaging, interactive, and multimedia-rich tools that support student understanding,
improve retention, and foster deeper learning, particularly in diverse educational settings such as
language and mathematics.

To create the optimal conditions for effective learning, educators must have creative and
innovative ideas for presenting the material and understand the criteria for selecting appropriate learning
media. This aligns with Muhammad et al. (2025), who stated that developing media for teaching and
learning is one way to foster creativity. The learning process requires meaningful, interactive media to
convey content or learning material in the classroom. Mathematics and technology are interrelated and
can positively impact mathematics education when integrated (Milakovich & Wise, 2019). Media is
also designed as a tool for concept development, and technology helps students explore concepts
efficiently while facilitating a deeper understanding of them (Haleem et al., 2022; Hidayati et al., 2024).

According to Smaldino et al. (2018), instructional media and technology can help audiences
connect concepts to classroom applications. In this research, we use Animaker media as a tool for
presenting learning materials to students. This media is developed using a Realistic Mathematics
Education (RME) context as a foundation for developing mathematical concepts and ideas.

RME serves as the foundational context for the design of this research. In Indonesia, RME is
known as Pendidikan Matematika Realistik Indonesia (PMRI), which has been implemented for over
twenty years and is still regarded as a reliable constructivist and active-based mathematical learning
approach (Prahmana et al., 2020; Zulkardi et al., 2020). The context designed in this research extends

the use of the Indonesian sweet food martabak to explore the concept of missing parts in understanding
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fractions (Pramudiani et al., 2022). We hypothesize that students' fraction sense can be developed
through a series of structured activities. Putri & Zulkardi (2019) stated that the characteristics of RME
support the design of higher-order thinking tasks that facilitate the development of students'
mathematical thinking. The importance of context in mathematics, particularly in teaching fractions,
has also been demonstrated by Sukasno et al. (2024), who showed that real-world context offers an
innovative pedagogical approach.

Therefore, in this study we formulated the following research question: “To what extent can
Animaker media, when used within realistic context, develop students’ fraction sense?” The integration

of Animaker media within the RME framework is further elaborated in the following section.

METHODS

This research aims to enhance classroom activities in the teaching and learning of fractions using
Animaker media. To achieve this objective, a design research approach was adopted, consisting of
multiple stages: preliminary design, pilot experiment, teaching experiment, and retrospective analysis.
The pilot experiment involved 70 students from three classes (4HA, 4HB, 4HC) at School H, while the
teaching experiment included 65 students from three classes (41A, 4IB, 4IC) at School I. The
participants in this study were fourth-grade primary school students from two schools in West Java,
Indonesia which have similar student characteristics.

As outlined by Bakker (2018), Van den Akker et al. (2013), and Wilkins & Norton (2018), the
foundation of design research lies in identifying educational challenges that inform the design and
development process. Data collection included video recordings, students' work, field notes from
classroom observations, and evaluations with the teachers.

This study consists of three main phases. The first phase, task preparation and design, involves
conducting a literature review and collaborating with practitioners to develop feasible and effective
fraction tasks using Animaker videos. The second phase, experimental teaching, focuses on
implementing the designed tasks in classroom settings to examine their effectiveness in supporting
student learning. The final phase, retrospective analysis, entails reflecting on the process and outcomes
to evaluate the success of the design, derive design principles, and gain insights into students' thinking
and the overall learning process.

In the realistic mathematics learning approach, problems are introduced through everyday life
contexts, which serve as the starting point for mathematization (Prediger et al., 2015). By engaging with
real-life situations, students learn to transform contextual problems into formal mathematical
representations, thereby developing their ability to mathematize. This approach helps students
understand and apply the concept of fractions more deeply. This phase also involved emergent
modelling, a method of presenting a mathematical problem either in a semi-formal or formal manner
(Prediger et al., 2015).
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According to Gravemeijer (2004), emergent modeling is a step in the mathematizing process that
progresses through multiple stages: 1) the situational level, where students apply domain-specific
knowledge and strategies within the context of the situation; 2) the referential level, where the problem
sketch connects models and strategies to real-world situations; 3) the general level, where the focus
shifts from contextual references to mathematical strategies; and 4) the formal arithmetic level, where
traditional procedures and notation are used.

The media developed by the researchers is a cartoon story featuring a child named Zhian who
buys a martabak with three toppings: banana, cheese, and chocolate. The illustrations highlight
differences in how the toppings appear—while the banana topping clearly reveals the slice boundaries,
the cheese and chocolate toppings obscure them, making the divisions less distinguishable. All three
toppings are equal in size, each comprising three slices. However, because the slice boundaries of the
cheese and chocolate toppings are obscured, students were asked: “How much of the cheese, chocolate,
and banana toppings represents parts of the whole?” The story also presents a situation in which one
slice of the banana topping is eaten by Zhian’s brother, Haby. Students were then prompted to determine
how much of the martabak had been eaten—specifically, the missing portion of the banana topping.
The animated story video is accessible via the following link

(https://www.youtube.com/watch?v=jnduHxGvp78).

RESULTS AND DISCUSSION

Emphasizing the principle that fractions must represent equal parts, the task was designed to
assess students' sense of conceptual understanding of fractions. We hypothesized that the visual
ambiguity of the partitions would induce cognitive conflict, eliciting diverse responses that reveal
varying levels of fraction sense. We believe that the use of media such as Animaker can enhance
students' understanding of fractions as equal parts of a whole. This section presents the research results,
including the preliminary design, pilot experiment, teaching experiment, and retrospective analysis, as

elaborated below.

Preliminary Design

Following a review of the literature on fractions, we collaborated with practitioners in the initial
phase to design a feasible and effective task for implementing interventions in the target research
context. Task | and Task Il were designed to assess students’ fraction sense and their understanding of
fractions as equally divided wholes. Following the validation of the task design, the story was developed

using Animaker.


https://www.youtube.com/watch?v=jnduHxGvp78
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Pilot Experiment

The pilot experiment was designed to examine the core principles behind the effectiveness of
specific tasks in enhancing and refining teaching experiments. It included a pre-assessment to evaluate
students' prior knowledge of fractions as parts of a whole.

The pre-assessment consisted of questions on the students' answer sheets (See Figure 1). In this
stage, the students completed their tasks on paper without the use of Animaker media. Two tasks,

grounded in the RME context, were presented using martabak, as outlined below.

English version:

Perhatikan gambar di bawabh ini. Look at this picture

How much of the martabak represents the whole for

Berapakah bagian martabak dari keseluruhan :
each of the following:

untuk masing-masing:

a. Rasa keju. a.  Cheese flavor

b. Rasa cokelat b. Chocolate flavor

c. Rasa pisang c. Banana flavor
Jelaskan alasanmu. Explain your reasons.

Figure 1. Task I with martabak context

In the first task (Figure 1), the students were presented with a single image of a martabak that
appeared to be unevenly divided. However, all flavors were divided into three equal parts (banana,
cheese, and chocolate). The cheese and chocolate flavors were topped with layers, obscuring the
visibility of their cut pieces. The students were asked: “How much of the martabak represents the whole
for each of the following: a. cheese flavor, b. chocolate flavor, c. banana flavor? Please explain your
reasons.”” Additionally, they were asked to provide explanations for their answers.

According to the students' work, various answers were given with different justifications. We
categorized them into five classifications: 1) Subdivision into parts; 2) Subdivision as class—whole; 3)
Use of fraction language (consistent); 4) Use of fraction language (inconsistent), and 5) Unclassified
category. Examples of students’ answers for each category are presented below. All student names are

pseudonyms.

Using Subdivision into Parts

In this category, some students counted the parts as individual units, indicating an unclear
understanding of the whole. Instead, they simply counted each topping on the martabak. Hana
recognized three pieces in the banana, three in the chocolate, and three in the cheese, reasoning that she

focused on the corner cut lines. This differed from Rini's response; she considered the chocolate and
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cheese as one part each and the banana as three parts. She explained that the chocolate and cheese

flavors were not divided, whereas the banana flavor was split into three parts.

Hana’s Answer

Pn‘sm\q 13 ‘pqq'(cm

coE\ax : 3 bas tan
‘kZSU r 2 ba::jran

English version:

Banana: 3 parts, Chocolate: 3 parts

Cheese: 3 parts

Because it seems there is a cut line in the corner.

Rini’s Answer

rasa ok

vasa ke . 4
Yaa ﬂg:\nq v 3
v J

] a%annya ! kareas I&lu HRan ellak Ldzk AiPotong
Falav & Piang RiPotena 2 bagrarn'
T ~F T p— =

English version:

Chocolate: 1, Cheese: 1, Banana: 3

The reason is because the cheese and chocolate flavor
were not cut, whereas banana flavor was cut into 3 parts.

Figure 2. Students’ answers using subdivision into parts

Based on Figure 2, the students viewed the parts as separate units instead of grasping the

concept of the whole. They merely counted each topping on the martabak.

Using Subdivision as Class-whole

This category represents types of students’ answers that applied the subdivision strategy.

However, in this classification, the parts were interpreted not only as subdivisions but also as the whole

or the sum of the components. For example, Rey's response in Figure 3 indicates that he viewed the

total number of components for the cheese flavor differently. Unlike the other flavors, which he saw as

divided into three parts each, he considered the cheese flavor to consist of four parts. Based on this, he

calculated the total to be 10 parts. As shown in Figure 3, this answer differed from Dian's, who identified

three parts for cheese, two for chocolate, and three for banana, concluding there were eight parts in

total. Figure 3 illustrates this subdivision-class-whole categorization with their respective responses.

Rey’s Answer

Kaca ety ada- mﬁa&:%ccgvan
Conca cbblat ada diga bma win

Dian’s Answer

__Ié,ng ¥esu 1 2 . Fasa coblat: = , dan rasa

CpPlsang : Z B

[
Raca Zisana ada ’E’Ca}.; ‘aaﬁﬁvw
; -

Focdisronahnags =da qja(‘?u\u‘f\
J

lpanaran.
~

English version:

There are four parts of cheese flavor
There are three parts of chocolate flavor
There are three parts of banana flavor
So, the total is ten parts.

Han celovvhnga 1 8 bacian
t J

English version:

Cheese flavor: 3, Chocolate flavor: 2, and
Banana flavor: 3.
So, the total (whole): 8 parts.

Figure 3. Students’ answers using subdivision as class-whole

According to Figure 3, the students continued to employ the subdivision strategy. However, in

this classification, the subdivisions were also interpreted as the sum of the parts or the whole.
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Using Consistent Fraction Language

Some students in this category used fractional language to express their answers. For instance,
Risa and Yaya both stated that each flavor—cheese, chocolate, and banana—comprised 3 out of 9 parts.
Their reasoning was similar, each associated with a specific topping. The main difference in their
approaches was that Yaya illustrated her thinking by drawing cut lines on the cheese section to show it
was split into three parts, consistent with the other flavors, whereas Risa simply provided her answer
without visualizing the divisions. Although neither student used formal fractional notation (numerators
and denominators), their responses reflected an understanding of part-whole relationships. Both also
correctly identified the whole by equally dividing each flavor into three parts, resulting in a total of nine

equal parts. Figure 4 illustrates an example of consistent use of fractional language.

Risa’s Answer Yaya’s Answer

vaavan darg B [
badran Jar blaic’::: o ol 2 bagion dari 9 bagan yang fase f
Y =} = g
bacfran  dar boig ion L}r_::j @iS'; Z balan dard 6 bZqion wyahe resa foklat

2 baé.’an a4 biéﬁq" {3’"‘}3 a5 F[STJL

}'/ﬂf’?"qk 1 (O\!amq Martabak dipotong
menrady G bagita dan Siker; topiwna—
==

;) 3 “Bwvena | (oyang martabak Jrgb_bnq
g berbeda eniads 9 boddon dem dan
Fopra an o¢ beda
English version: English version:
3 parts of 9 parts cheese flavor 3 parts of 9 parts cheese flavor
3 parts of 9 parts chocolate flavor 3 parts of 9 parts chocolate flavor
3 parts of 9 parts banana flavor 3 parts of 9 parts banana flavor
Because 1 martabak pan was cut into 9 parts and | Because 1 martabak pan was cut into 9 parts and that
that topped with the different toppings. topped with the different toppings.

Figure 4. Students’ answers using consistent fraction language

As shown in Figure 4, the students demonstrated an understanding of fractional language. They
identified the whole by evenly dividing the martabak into three parts for each topping, resulting in a

total of nine parts. Therefore, their responses were classified as consistent use of fractional language.

Using Inconsistent Fraction Language

In this category, some students used fractional language to express their answers; however, not
all grasped the idea of equal partitioning. For example, Figure 5 shows the responses of Dinda, Doni
and Ahmad. Dinda identified a total of five parts—one for cheese, one for chocolate, and three for

banana—indicating that when a cut line is not visible, she may interpret the part as a single whole.
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Doni's reasoning aligned with this idea, as he interpreted the chocolate part as a single whole piece due
to the absence of visible divisions. However, he viewed the cheese and banana sections as having three
parts each. Based on this reasoning, he concluded that the martabak consisted of seven parts. Both Dinda
and Doni demonstrated a developing understanding of fractional language. However, because they
misunderstood the concept of 'whole' in fractions, their answers were classified as using inconsistent

fractional language. Ahmad provided another example, where he counted each topping as three parts
but still identified the fraction as % He also determined the whole based on the total number of parts,

which was 9.

Dinda’s Answer Doni’s Answer

a. Wlfu l’@[u q lcarena bqqm Mariaha k= ~sq k.lqu Llaﬂq'l

ada gatv Aar SZI“M La lan etz
T P ot : L Bren b mmﬁ as—l-d

Mﬂqa ada G Jﬂrl Dmor Lvaqrm mardala)
C ﬁ %m lostoany” "\-ﬂ-%} Lads l'-aqmq ak{m;»aqu-

Arda q“ VR Hn f"“"’kj’d( dipelona ¥ 1a.:i, qu &tlat
B V. mJ\
o .
le\rat\) Tt MJ’!\MP Ada
I

English version: English version:

Cheese flavor: % because cheese martabak is only one of all % The reason: because the chocolate flavor was
martabak parts. not cut, the banana flavor was 3 parts, the

Chocolate flavor: § because cheese martabak is only one of | cheese flavor was 3 parts. So, since the
chocolate flavor was not cut, it is 1 part.

all martabak parts. L
The total martabak is p

Banana flavor: g because banana martabak is only three of
all martabak parts.

Ahmad’s Answer
English version:

Rass ey = §
d Cheese flavor: 3,

Cacs aklats? Chocolate flavor: 3,
Banana flavor: 3

The same partition: i

Yass a2 3

baqian Sama = '[9
rl R

Figure 5. Students’ answers using inconsistent fraction language

We hypothesized that students may struggle to grasp the idea that fractions must be divided
equally when cut lines are not clearly visible (See Figure 5). While both students demonstrated an
emerging understanding of fractional language, their interpretations reflected a continued
misunderstanding of the concept of the whole. As a result, their responses were categorized as
inconsistent use of fractional language. Another response was made by Ahmad. Ahmad had a basic

understanding of fractions. He identified the whole as consisting of nine parts in total. However, when

expressing his answer in fractional form, he wrote %, which did not accurately reflect the question—
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specifically, how much each topping constitutes of the whole. Therefore, his answer is classified as

inconsistent use of fractional language.

Unclassified Category

The unclassified category refers to student responses that did not demonstrate an understanding
of fractions or mathematical concepts. For instance, Dodo misunderstood the question, treating it as a
multiple-choice item. He simply selected option (a) for the cheese flavor, stating that it was the largest
portion. Similarly, Sisi answered 'nine’, but her explanation indicated that she was drawing from

personal experience with eating martabak rather than applying mathematical reasoning, as illustrated in

Figure 6.
Dodo’s Answer Sisi’s Answer
Berapakah baginn martabak dari keselurnban untuk masing-masing: \
?{ Rasa keju ! {COV’ﬁ
b, Rasa cokelat \
¢. Rasa pisong 5 peeeon gamvas & Pawahind \\
Jelaskan alasanmu. -

Forna JAn @ -2 rasa ity k@w

=
(]ﬂ\\\'\a L}Mb\ﬂk __\‘ :}; ~\a
S2mbilan
— ¥arona goq\miq {etsa v 2nak bqnqwt jm‘q Fasa & Rlab
— 8k lelom Coban Tx:—\pl kil Lf‘lflq “atu’ b ﬂﬂ‘\
= Pasa Few ada macem Raga® 37
English version: English version:
Because the cheese flavor is the largest part | Nine. Because the cheese flavor is very delicious. | have
among the three flavors. never tried the chocolate flavor, but | have tried the cheese

one, and there were three pieces with cheese flavor.

Figure 6. Students’ answers with unclassified category

Based on Figure 6, Dodo and Sisi's answer could not be incorporated into the previous

classification, as they are unrelated to the concept of fractions or mathematical principles.

Students’ Answers of Task Il

In the second task (See Figure 7), we developed a task asking students to identify the missing
part of martabak relative to the whole. The task presented students with an image of a martabak with
one slice removed. The question posed was: “If one piece of the banana flavor has been eaten, how

much does it represent of the whole martabak? Explain your reasons/”
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Perhatikan gambar di bawah ini: English version:

Look at this picture

Jika satu potong martabak sudah dimakan, maka

berapa bagian martabak yang dimakan tersebut If one piece of martabak has been eaten, how much

dari keseluruhan? Jelaskan alasanmu. of the martabak does that represent from the whole?
Explain your reasons.

Figure 7. Task Il with martabak context

Based on the students’ answers, the researchers categorized the responses into four groups: (1)
using fraction language with signs of understanding, (2) using fraction language without signs of
understanding, (3) dividing into parts or units, and (4) the unclassified category, which included answers
unrelated to fractions or mathematical concepts. Examples from students' responses in each category
are described below.

Using Fraction Language with Signs of Understanding

As shown in Figure 8, the students used fractional language to describe both the missing part and
the total parts of the whole, stating that it was 1 part of banana flavor out of 9 parts in total. This indicates
that the students understood the concept of a fraction as part of a whole. For example, Dewi explained
that since one part was eaten out of nine, the missing part was one out of nine. Although Dewi did not
write the fraction in the form of a numerator and denominator, her use of fractional language suggests

an understanding of fractions. Similarly, Ana, who shared Dewi’s reasoning, expressed the fraction

using both a numerator and a denominator, specifically g

Dewi’s Answer Ana’s Answer

{ bagian aar g Pagisn karena CCaan T
J r
— bagen dmamantdan g »aien Tﬂ%’m‘ e a%@d o

English version: English version:

1 part out of 9 parts because 1 part was eaten from § because one martabak pan was cut into 9 pieces, and
9 parts.

one banana-flavored piece was eaten by its owner.

Figure 8. Students’ answers using fraction language with signs of understanding

Figure 8 demonstrated the students' use of fractional language and their reference to the missing
part and the total parts as a whole, that is, one part of banana flavor out of nine parts. Consequently, this

shows that the students understand the idea of a fraction as a part of a whole.
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Using Fraction Language without Signs of Understanding
Some students also used fractional language, as shown in Figure 9, although it was evident that
they did not fully grasp the concept. For example, Sasa stated that the missing part was % She explained

that it was originally % but since one piece had been eaten, it became % Sasa’s response reflected the

application of subtraction based on whole numbers. Similarly, Didi stated that the missing part was %

arguing that one part of five had been eaten. This suggests that Didi considered the total to be five.

Sasa’s Answer Didi’s Answer

i Y
8 S

farha gang_dadinga - bagun meyjad oL | —avenm gang dimaean Nanus (5 bagan
7= -~ —W—\Er—xz‘v’z\ﬁ'% J
" bagan —_—

English version: English version:
ébecause what was initially %has now become % % because only 1 out of the 5 parts of the martabak was
parts. eaten.

Figure 9. Students’ answers using fraction language without sign of understanding

Based on Figure 9, some students also used fractional language, but it was evident that they
misunderstood the concept of the whole. Therefore, the researchers classified the answers in Figure 9

as the use of fractional language without signs of understanding.

Using Subdivision into Parts or Units

Some students continued to rely on subdivision when answering questions about parts or units,
indicating a lack of understanding of fraction language. For example, in Figure 10, Wawan responded
with '1', explaining that only one piece was clearly missing. Similarly, Salis also answered '1', explaining

that only one piece of the banana-flavored martabak had been eaten.

Wawan’s Answer Salis’s Answer

Lt . | Fena hanya Sato Potong mackb. ‘
| FarMs udah Al s 1 [hron gan e gu&a\f“%fmkmfpm ~ ks poeny.

English version: English version:

1 because it is obvious that it is 1 piece. 1 because only one piece of the banana-flavored
martabak has been eaten.

Figure 10. Students’ answers using subdivision into parts Or units

Figure 10 depicts students who continued to answer using subdivision into parts or units,

indicating a lack of understanding of the concept of fractions.
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Unclassified Category

Despite the varying responses from students, which reflected both their understanding and
misconceptions of fractions, some students provided answers that lacked any mathematical reasoning.
For example, in Figure 11, Roy's response was: “One person ate one piece of martabak because he is

hungry”.

Roy’s Answer

Toranq WMemalon [ Piece mactabat frna
orand vu_ laper

\]

English version:
One person ate one piece of martabak because he was hungry.

Figure 11. Students’ answer using unclassified category

Roy's response in Figure 11 could not be classified within the previous categories, as he did not
apply any mathematical concepts. Although he mentioned the number (one piece), his answer was

unrelated to the question asked.

Teaching Experiment

Based on the results of the pilot experiment, we decided to develop the task by incorporating a
narration created in an Animaker video. Since the pilot experiment revealed that students were still
unclear about the concept of fractions with equal parts, we developed an illustration in the video that

demonstrated how a piece of banana martabak was taken through animation, using the following story.

The Storyboard of Task |

The first task in the teaching experiment remained the same as in the pilot experiment. It aimed
to assess the students' understanding of fractions as the parts of a whole, with some pieces being
invisible (the cheese and chocolate flavors). However, unlike the pilot experiment, we introduced a
cartoon story in which a child purchases a martabak. Before the students responded to the question, the
teacher presented this story, which was accessible via a link
(https:/imvww.youtube.com/watch?v=jnduHxGvp78). The question posed in Task I is: “How much of
the whole does the cheese, chocolate, and banana flavors represent? ” Figure 12 illustrates the

storyboard of Task I.


https://www.youtube.com/watch?v=jnduHxGvp78
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Fractions Teaching Materials with the Animaker appiication Eractions Teaching Materials with the Animaker applicatio

oleh:
Puri Pramudiani, S.Pd.,,M.Sc.

This moming, Zhian, Ms Puri's son bought

a martabak

Hi Guys, This is Ms Puri again «:&

1ching Materials with the Animaker application

Berapa bagian rasa keju, rasa coklat, dan rasa
pisang dari keseluruhan martabak tersebut?

Zhian saw that ther

> o«

Figure 12. The storyboard of Task |

The Storyboard of Task Il

After watching the story shown in Figure 12, the students moved to Task |1, as depicted in Figure
13. In this task, they were asked to determine how much of the martabak had been eaten—specifically,
the missing banana-flavored slice—relative to the whole. Using Animaker, Task Il visually illustrated
the removal of the martabak slice, a detail not clearly shown in the paper-based version used during the
pilot experiment. This animation was designed to help students better understand the process of

removing a part of the whole. The storyboard of Task Il is shown in Figure 13.

Fractions Teaching Materials wih the Animaker ao

y, Zhian's brother

on the table S:IE

@ o
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Jika satu
potong
martabak
pisang sudah
dimakan, maka
_ berapa bagian
yang dimakan
dari seluruh

Figure 13. The Storyboard of Task Il

In the teaching experiment, the teaching and learning process involved ongoing trials, revisions,
and the development of instructional activities (Gravemeijer, 2004). The aim was to collect data to
answer the research question. This study was conducted by developing interactive media using
Animaker, based on the principles of RME. The experiment focused on improving students'
understanding of mathematical concepts. Before the instructional activities, the teachers and researchers
discussed the sequence of tasks to be implemented in the classroom. After the activities were carried
out, they engaged in reflective discussions to refine the task design and provide feedback to address any
challenges or shortcomings in the teaching and learning process. The teaching experiment involved 65

fourth-grade students and three teachers from School | (SI).

Retrospective Analysis

After implementing the teaching experiment using Animaker media within the RME framework,
a noticeable improvement was observed in students' understanding of fractions, as shown in Figure 14.
The participants included 70 students from three classes (4HA, 4HB, 4HC) in the pilot experiment at
School H and 65 students from three classes (41A, 41B, 41C) in the teaching experiment at School 1.
The indicator of fraction sense showed significant progress in the teaching experiment (FI-B), as
evidenced by the increasing number of students who answered the fractional task using consistent
fractional language (depicted in the green graph), compared to the pilot experiment (FI-A).

Figure 14 illustrates the improvement in the use of fraction language among students from the
pilot experiment to the teaching experiment across all three classes: FI-A-1 to FI-B-1, FI-A-2 to FI-B-
2, and FI-A-3 to FI-B-3.

Students' Answers of The Task |

80%
60%
40%

G | m bl
0% | - — | . |
FI-A-1 FI-A-2 FI-A-3 FI-B-1 FI-B-2 FI-B-3
W subdivision-class whole W subdivision in parts W use of fraction language (c)

use of fraction language (i) B Others

Figure 14. The visualization of students’ answers for the Task I
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Similarly, for Task Il, there was an improvement in students' understanding of the part-whole
relationship when a segment was missing, as represented by the blue graph. Figure 15 visually illustrates

the students' responses to Task II.

100% Students’ Answers of The Task 1l

50%

0% I | III I|I |I III |II.

FI-A-1 FI-A-2 FI-A-3 FI-B-1 FI-B-2 FI-B-3

W Use fraction language with sign of understanding
B Use fraction language without sign of understanding

Figure 15. The visualization of students’ answers for the Task II

Figure 15 shows an improvement in the number of students using fractional language, indicating
a better understanding from the pilot experiment to the teaching experiment across the three classes: Fl-
A-1to FI-B-1, FI-A-2 to FI-B-2, and FI-A-3 to FI-B-3. These findings suggest that the use of Animaker
Media in a practical classroom setting can enhance students' comprehension of fractions.

In addition to evaluating students' understanding of fractions, we also collected their feedback on
the teaching and learning experience using Animaker media. Figures 16 and Figure 17 present the

students' responses.

Students’ Impression of Teaching and Learning Process

90%
80%
70%
60%
50%
40%
30%
20%
10%

0% [ [ — [
Intermediate Negative Not Answer Positive Positive and
Negative

Figure 16. Students’ impression of the teaching and learning process

As shown in Figure 16, 78% students provided positive feedback on the teaching and learning
experience, highlighting the engaging nature of martabak story. However, when asked whether they

preferred solving fraction problems using only worksheets and paper-based images, as in the pilot
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experiment, or through Animaker media, not all students preferred the latter. Figure 17 illustrates the

students' preferences regarding the different methods for learning fractions.

Students' Preference in Media of Learning

60%
50%
40%
30%
20%
10%

0% — [ |

Both Not Answer Paper Video

Figure 17. Students’ preference in media of learning

As shown in Figure 17, 4% of students felt that both methods were equally effective for
understanding fractions, while 7% of students did not respond to the question. Meanwhile, 34% of
students preferred using paper or worksheets due to their simplicity, and 55% of students indicated that
Animaker media enhanced their understanding of fractions.

The findings indicate that using Animaker Media within a realistic context for task design can
develop students’ understanding of fractions. According to Gravemeijer (2004), contextual or realistic
problems can help students "rediscover” the characteristics or definitions of mathematical concepts.
This aligns with the study of Prahmana et al. (2020), which emphasized that in teaching mathematics,
teachers should consider students' prior knowledge and connect it to a realistic context as a foundation
for learning activities. When presented with meaningful tasks embedded in realistic contexts, students
have greater opportunities to construct their understanding of mathematical concepts (Putri & Zulkardi,
2019). Furthermore, in the RME approach, the process of progressive mathematical problems serves as
a tool for students to construct a formal understanding of mathematical concepts (Van den Heuvel-
Panhuizen, 2020). In addition, Pramudiani et al. (2023, 2024) emphasized that learning mathematics
should encourage students to rediscover concepts, rather than rely solely on the transfer of knowledge
from teacher to student.

Based on the explanation above, using a meaningful context as a foundation for concept
formation is essential. According to Putri & Zulkardi (2019), the key to helping students understand
mathematics lies in presenting meaningful context. Therefore, the context must be both relatable and
factual in students’ minds. During the teaching and learning process, students actively engaged in
discussions about the context of Indonesian food, specifically martabak, as presented through the
Animaker media. By emphasizing a contextual and narrative approach, rather than focusing solely on
abstract or procedural aspects of fractions, students were better able to rediscover and understand the

concept of fractions.
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However, this study has a limitation. Only a few students explicitly demonstrated the models and
strategies they used. Since the question asked, “how much” and “please give the reason”, most students
responded with written explanations rather than constructing mathematical models. Referring to the
modeling stages in RME proposed by Gravemeijer (2004) and Van den Akker et al. (2013), it appears
that the students’ understanding remained at the situational level. At this stage, domain-specific
knowledge and strategies are applied within the context of the situation, without yet transitioning to
more formal or mathematical representations. There were no clear indications of students progressing
from the referential to the general level, which bridges informal understanding to formal mathematical
concepts. As aresult, the mathematics process was not adequately captured. Nevertheless, most students
in the teaching experiment were able to articulate their answers and provide clear reasoning. They
demonstrated the ability to develop their own justifications when responding to questions related to the
given problem.

The use of Animaker media effectively illustrated the removal of a martabak slice, a detail that
was not clearly conveyed in the paper-based task. Based on students' responses, this visual
representation enhanced their ability to conceptualize the situation. In everyday life, the ability to
visualize and apply this sense is crucial (Hoon et al., 2020). However, the sense of reality is often
overlooked or given insufficient attention by researchers and mathematics educators. This study
demonstrates that this sense can significantly support students in understanding mathematical concepts.

The role of mathematical sense established the foundation, framework, and authenticity of
mathematics, while also enhancing the significance of this sense and the development of mathematical
concepts, extending to students' reasoning (Pramudiani et al., 2023). Consequently, it can be inferred
that mathematical sense serves as the foundation for students’ mathematical reasoning and decision-
making.

In summary, mathematics and technology are inseparable in 21%-century learning. To foster
students’ mathematical thinking, it is essential to provide supportive tools that engage them in problem-
solving. Applying RME through meaningful and relatable stories can enhance students’ understanding
of fractions. When combined with technology—such as Animaker media, RME can significantly
strengthen students’ reasoning by allowing them to recognize mathematical problems through sensory-

rich experiences.

CONCLUSION

This research emphasizes the necessity of incorporating active learning approaches, such as
Realistic Mathematics Education (RME), with technology to enhance the contextual aspects of the
learning environment, in line with the demands of 21%"-century education. The task design developed in
this study illustrates the evolution of students’ understanding of fractions as they progressively

reconstruct their mathematical reasoning. Analysis of students’ responses reveals that the use of
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Animaker media within a realistic context can effectively develop their fraction sense and foster their
mathematical reasoning. However, the study also revealed certain limitations, particularly in embedding
emergent modeling within progressive mathematization and in students’ readiness to engage with
technology. Therefore, future research should focus on strengthening support systems that equip
students with the necessary digital competencies, including access to rich, meaningful, and challenging
tasks. Collaboration among all stakeholders is essential to ensure the successful integration of

technology into teaching and learning practices.

ACKNOWLEDGMENTS

We would like to thank all participants for their time and willingness to take part in this research.
We are also deeply grateful to our colleagues in Indonesia and the Netherlands for their support and

valuable contributions to the success of this study.

DECLARATIONS

Author Contribution . PP: Conceptualization, Writing - Original Draft, Methodology, Editing and
Visualization;
MD: Review & Editing, Formal Analysis, and Validation.

Funding Statement : This study did not receive financial support from any public, commercial, or

non-profit funding agency.

Conflict of Interest . The authors declare no conflict of interest.
Additional Information ~ : Additional information is available for this paper.
REFERENCES

Anisa, Y., Malik, M., Putri, T. O. D. S., Hafiz, M., & Novita, N. (2023). Animaker animation video
design as a digital-based learning media with the theme of comparison and scale in elementary
school. Edunesia: Jurnal lImiah Pendidikan, 4(1), 184-196.
https://doi.org/10.51276/edu.v4i1.328

Bakker, A. (2018). Design Research in Education. London: Routledge.
https://doi.org/10.4324/9780203701010

Cadez, T. H., & Kolar, V. M. (2018). How fifth-grade pupils reason about fractions: a reliance on part-
whole  subconstructs.  Educational  Studies in  Mathematics, 99(3), 335-357.
https://doi.org/10.1007/s10649-018-9838-z

Cavicchi, E. M. (2018). At sea: Reversibility in teaching and learning. Interchange, 49(1), 25-68.
https://doi.org/10.1007/s10780-018-9314-9

Dogan, A., & Tertemiz, N. 1. (2019). Investigating primary school teachers’ knowledge towards


https://doi.org/10.51276/edu.v4i1.328
https://doi.org/10.4324/9780203701010
https://doi.org/10.1007/s10649-018-9838-z
https://doi.org/10.1007/s10780-018-9314-9

Pramudiani & Dolk, Engaging Primary School Students in ... 341

meanings of fractions. International Education Studies, 12(6), 56.
https://doi.org/10.5539/ies.v12n6p56

Fennell, F. (Skip), & Karp, K. (2017). Fraction sense: Foundational understandings. Journal of
Learning Disabilities, 50(6), 648-650. https://doi.org/10.1177/0022219416662030

Gravemeijer, K. (2004). Local instruction theories as means of support for teachers in reform
mathematics education. Mathematical Thinking and Learning, 6(2), 105-128.
https://doi.org/10.1207/s15327833mtl0602_3

Haleem, A., Javaid, M., Qadri, M. A., & Suman, R. (2022). Understanding the role of digital
technologies in education: A review. Sustainable Operations and Computers, 3, 275-285.
https://doi.org/10.1016/j.susoc.2022.05.004

Hidayati, K., Rahmawati, A., & Wijayanto, D. S. (2024). Development of learning media to improve
critical thinking skills and creativity of vocational students. International Journal of Social
Service and Research, 4(03), 716—724. https://doi.org/10.46799/ijssr.v4i03.741

Hoon, T. S., Mohamed, S. S. E., Singh, P., & Kee, K. L. (2020). In search of strategies used by primary
school pupils for developing fraction sense. Malaysian Journal of Learning and Instruction,
17(2), 25-61. https://doi.org/10.32890/mjli2020.17.2.2

Kamberi, S., Latifi, I., Rexhepi, S., & Iseni, E. (2022). The influence of practical illustrations on the
meaning and operation of fractions in sixth grade students, Kosovo-curricula. International
Electronic Journal of Mathematics Education, 17(4). https://doi.org/10.29333/iejme/12517

Manik, G. S., & Sukmayadi, Y. (2024). Utilization of animakers as a scale learning medium.
Proceedings of the Fifth International Conference on Arts and Design Education (ICADE 2022),
297-301. https://doi.org/10.2991/978-2-38476-100-5_41

Milakovich, M., & Wise, J.-M. (2019). Digital learning. In Digital Learning. Edward Elgar Publishing.
https://doi.org/10.4337/9781788979467

Muhammad, 1., Jupri, A., & Herman, T. (2025). Development of web-based learning media with a
realistic mathematics education approach to increase student self-determination. Infinity Journal,
14(2), 303-322. https://doi.org/10.22460/infinity.v14i2.p303-322

Prahmana, R. C. I., Sagita, L., Hidayat, W., & Utami, N. W. (2020). Two decades of realistic
mathematics education research in Indonesia: A Survey. Infinity Journal, 9(2), 223.
https://doi.org/10.22460/infinity.v9i2.p223-246

Pramudiani, P., Alyani, F., Dolk, M., & Widjaja, W. (2024). Investigating fraction computation
problem-solving among pre-service primary school teachers. Jurnal Elemen, 10(3), 685-710.
https://doi.org/10.29408/jel.v10i3.27462

Pramudiani, P., Herman, T., Turmudi, Dolk, M., & Terlouw, B. (2024). Primary school teachers’
perspectives on teaching fractions. 040016. https://doi.org/10.1063/5.0202436

Pramudiani, P., Herman, T., Turmudi, & Maarten Dolk. (2023). Professional development for
supporting primary school teachers in promoting students’mathematical reasoning using realistic
mathematics education. Unpublished Dissertation, Bandung: UPL.
http://repository.upi.edu/id/eprint/103440

Pramudiani, P., Herman, T., Turmudi, T., Dolk, M., & Doorman, M. (2022). How does a missing part
become important for primary school students in understanding fractions? Journal on
Mathematics Education, 13(4), 565-586. https://doi.org/10.22342/jme.v13i4.pp561-580


https://doi.org/10.5539/ies.v12n6p56
https://doi.org/10.1177/0022219416662030
https://doi.org/10.1207/s15327833mtl0602_3
https://doi.org/10.1016/j.susoc.2022.05.004
https://doi.org/10.46799/ijssr.v4i03.741
https://doi.org/10.32890/mjli2020.17.2.2
https://doi.org/10.29333/iejme/12517
https://doi.org/10.2991/978-2-38476-100-5_41
https://doi.org/10.4337/9781788979467
https://doi.org/10.22460/infinity.v14i2.p303-322
https://doi.org/10.22460/infinity.v9i2.p223-246
https://doi.org/10.29408/jel.v10i3.27462
https://doi.org/10.1063/5.0202436
http://repository.upi.edu/id/eprint/103440
https://doi.org/10.22342/jme.v13i4.pp561-580

342 Mathematics Education Journal, Volume 19, No. 2, April 2025, pp. 323-342

Prediger, S., Gravemeijer, K., & Confrey, J. (2015). Design research with a focus on learning processes:
an  overview on achievements and challenges. ZDM, 47(6), 877-891.
https://doi.org/10.1007/s11858-015-0722-3

Purnomo, Y. W., Pasri, Aziz, T. A., Shahrill, M., & Prananto, I. W. (2022). Students’ failure to
understand fraction multiplication as part of a quantity. Journal on Mathematics Education,
13(4), 681-702. https://doi.org/10.22342/jme.v13i4.pp681-702

Putri, R. I. 1., & Zulkardi, Z. (2019). Designing jumping task on percent using PMRI and collaborative
learning. International Journal on Emerging Mathematics Education, 3(1), 105.
https://doi.org/10.12928/ijeme.v3i1.12208

Rizqika, P., Sunardi, Susanto, Nuryami, & Shofyan, A. (2021). Students’ thinking process at the level
of analysis in understanding square concept. Journal of Physics: Conference Series, 1839(1),
012014. https://doi.org/10.1088/1742-6596/1839/1/012014

Setambah, M. A. B., Jaafar, A. N., Saad, M. I. M., & Yaakob, M. F. M. (2021). Fraction cipher: A way
to enhance student ability in addition and subtraction fraction. Infinity Journal, 10(1), 81-92.
https://doi.org/10.22460/infinity.v10i1.p81-92

Smaldino, S., Lowther, D. L., & Mims, C. (2018). Instructional technology and media for learning
twelfth edition. Boston: Pearson Education, Inc. https://insuriponorogo.ac.id/digilib-
pps/file_buku/4035075a722c4f474bea98e8elflel4c.pdf

Sukasno, Zulkardi, Putri, R. I. 1., & Somakim. (2024). Learning fraction with vacation: Integrating Musi
Rawas tourism in designing learning trajectory on fraction. Journal on Mathematics Education,
15(4), 1153-1174. https://doi.org/10.22342/jme.v15i4.pp1153-1174

Tucker, S. I. (2017). I thought this was a study on math games: Attribute modification in children’s
interactions with mathematics apps. Education Sciences, 7(2).
https://doi.org/10.3390/educsci7020050

Van den Akker, J., Bannan, B., Kelly, A. E., Nieveen, N., & Plomp, T. (2013). Educational Design
Research Educational Design Research. Netherlands Institute for Curriculum Development:
SLO, 1-206. https://doi.org/978-1-4614-3184-8

Van den Heuvel-Panhuizen, M. (2020). National reflections on the Netherlands didactics of
mathematics- teaching and learning in the context of realistic mathematics education. ICME-13
Monographs, 15-29. https://doi.org/10.1007/978-3-030-33824-4 2

Wilkins, J. L. M., & Norton, A. (2018). Learning progression toward a measurement concept of
fractions. International Journal of STEM Education, 5(1), 27. https://doi.org/10.1186/s40594-
018-0119-2

Zulkardi, Z., Putri, R. I. 1., & Wijaya, A. (2020). Two decades of realistic mathematics education in
Indonesia. In International Reflections on the Netherlands Didactics of Mathematics (pp. 325—
340). https://doi.org/10.1007/978-3-030-20223-1_18


https://doi.org/10.1007/s11858-015-0722-3
https://doi.org/10.22342/jme.v13i4.pp681-702
https://doi.org/10.12928/ijeme.v3i1.12208
https://doi.org/10.1088/1742-6596/1839/1/012014
https://doi.org/10.22460/infinity.v10i1.p81-92
https://insuriponorogo.ac.id/digilib-pps/file_buku/4035075a722c4f474bea98e8e1f1e14c.pdf
https://insuriponorogo.ac.id/digilib-pps/file_buku/4035075a722c4f474bea98e8e1f1e14c.pdf
https://doi.org/10.22342/jme.v15i4.pp1153-1174
https://doi.org/10.3390/educsci7020050
https://doi.org/978-1-4614-3184-8
https://doi.org/10.1007/978-3-030-33824-4_2
https://doi.org/10.1186/s40594-018-0119-2
https://doi.org/10.1186/s40594-018-0119-2
https://doi.org/10.1007/978-3-030-20223-1_18

