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Abstract

The nth-term formula is an arithmetic sequence subtopic that contributes significantly to
explaining the fundamental concept of an arithmetic sequence. This study aimed to design a
Local Instructional Theory (LIT) based on Realistic Mathematics Education (RME) to find the
nth-term formula in an arithmetic sequence through the Pocah Piring game. This study was
conducted on eighth-grade students in Palembang, Indonesia. This study used educational
design research with a validation study, starting with a preliminary design, design experiments,
and retrospective analysis. The learning trajectory in this study begins with rich circumstances
that require mathematical reasoning rather than abstraction or exact definitions. Three
structured learning activities integrating the Pocah Piring game were applied to help the
students explore the concept of an arithmetic sequence. To effectively teach arithmetic
sequences, instruction should progress from concrete representations, such as physical
manipulatives and visual patterns that help students recognise sequential structures, to more
abstract forms, including symbolic expressions and general formulas. The developed LIT
accurately predicted students’ thinking throughout the learning process, supporting their
progression toward the intended learning objectives. Teachers are encouraged to use the LIT
derived from this study to guide instruction and design alternative learning pathways when
teaching arithmetic sequences.
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Introduction

Education research has so far been viewed as a disappointment, as it only indirectly affects the
improvement of instructional practice strategies (Gravemeijer et al., 2017), with limited
application outside of the research’s purview, making it seem distinct from direct instructional
strategies (Howard-Jones et al., 2025; Prahmana, 2017). In general, educational research-
supported experiments, practices, and programs have only marginally outperformed traditional
methods (Akker et al., 2006; Haagen-Schiitzenhofer & Hopf, 2020). Therefore, large-scale,
quantifiable teaching methods or student learning advances are necessary in educational
research. Specifically, in mathematics education, learning algebra has been a concern, ranging
from a purely procedural mathematical perspective to complex mathematical abstractions
(Hausberger, 2020; Zazkis & Liljedahl, 2002). The gap between students’ knowledge and the
abstract formal mathematical knowledge that must be acquired and the disparity between
students’ thinking perspectives are also reasons why students find it difficult to learn
mathematics (Gravemeijer, 2008; Gravemeijer & Doorman, 1999; Schoenfeld, 2022). This gap
often occurs during the transition from arithmetic to algebra, especially in arithmetic operations
on algebraic expressions, number patterns, and number sequences, including arithmetic
sequences (Jupri, 2022).

As one of the branches of mathematics that is considered as a difficult learning domain
for students, the material of arithmetic sequences remains one of the topics of mathematics
learning in both junior and senior high schools (Rachma & Rosjanuardi, 2021). Arithmetic
Progression, or AP, is a series in which each new term after the first term is obtained by adding
a constant b, called the common difference, to the previous term (Siemon, 2021; Zazkis &
Liljedahl, 2002). If the first term of the series is a, then the arithmetic series is a,a + b,a +
2b,a + 3b, ... where the nth term is a + (n — 1)b. More formally, we can state that for all a;
in an arithmetic sequence in any integers, a = c(mod b) where c is the common remainder and
b is the difference (Siemon, 2021; Zazkis & Liljedahl, 2002). When selecting representations
and materials for interactive arithmetic instruction, teachers must consider a variety of possible
student interpretations (Drijvers et al., 2021). Therefore, mathematics instruction must emerge
from contexts that are meaningful to students and build on their informal knowledge into formal
knowledge (Mangelep et al., 2023; Fredriksen, 2021; Wijaya & Doorman, 2021; Quintero &
Rosario, 2016). Teaching based on meaningful contexts allows students to connect their
learning to their ideas and experiences (Fauzan et al., 2024). According to Domu and Mangelep
(2020), a learning implementation plan will be effective if it includes predictions regarding the
probability of student learning. It is related to developing students’ thinking skills and
understanding during teacher-designed learning activities.

In this context, conducting research based on the Design Research within the Realistic
Mathematics Education (RME) approach is essential for addressing educational practice issues,
notably in the teaching arithmetic sequences material (Putri et al., 2023; Jupri et al., 2022).
Focusing on learning processes, distinctive design research aims to create theories and
educational interventions (Gravemeijer, 2016). Since the mathematization of reality forms the
foundation of mathematics, learning should begin with engaging students in this process (Van
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Zanten & Van den Heuvel-Panhuizen, 2021). In this research, the RME theory is used because
it is considered to be successful in guiding the design of learning materials for students in the
Netherlands (Van den Heuvel-Panhuizen & Drijvers, 2020; Van Den Heuvel-Panhuizen, 2005)
and has been adapted in Indonesia (Putri, 2024; Azizah et al., 2023; Zulkardi, 2020; Bustang et
al., 2013). Additionally, the RME approach has been shown to significantly improve students’
cognitive processes in understanding mathematical concepts, particularly arithmetic sequences
(Jupri et al., 2022; Domu & Mangelep, 2020; Isik et al., 2020; Gee et al., 2018) because RME
incorporates guided reinvention, didactical phenomenology, and the mediating model’s
principle (Ventistas et al., 2024; Doorman, 2019; Zulkardi, 2013; Sembiring et al., 2008).

Previous studies have successfully conducted local instructional theory (LIT) with RME
in other areas of mathematics, such as probability (Fauzan et al., 2022), translation and
reflection (Rawani et al., 2023), parallelogram (Zulfah et al., 2024), as well as different cultural
contexts (Leton et al., 2025; Sahara et al., 2024; Risdiyanti & Prahmana, 2021). However, only
limited literature or research uses local games as the context of the learning process (Qirom &
Juandi, 2023), while Indonesia has many local games grounded in students’ daily lives
(Pramono et al., 2024), particularly for teaching abstract concepts such as arithmetic sequences.
As none of the previous research has yet used the Pocah Piring game as the context in the
arithmetic sequence learning process, this study proposes adopting the Pocah Piring game to
create a local instructional theory for learning the concept of ‘finding the formula for the nth
term of an arithmetic sequence’ using the Realistic Mathematics Education (RME) approach.
The primary aim of this study is to design a local instructional theory (LIT) for teaching
arithmetic sequences based on the RME approach, using the traditional Pocah Piring game as
the context.

Pocah Piring is a traditional game that involves two competing groups. Etymologically,
‘Pocah’ means ‘breaking,” and ‘Piring’ means ‘plates.’” As the name suggests, the game
revolves around breaking a stack of objects called ‘plates’ arranged in a high pile. These ‘plates’
are typically objects that are easy to fall when stacked, such as stones, broken coconut shells,
floor tiles, asbestos, bottle caps, or similar items (Kamaluddin et al., 2020). The number of
“plates” used can vary based on the players’ agreement, but the higher the stack, the more
challenging and exciting the game becomes. One group acts as the guard, while the other serves
as the leading group tasked with disrupting the arrangement of “plates” (Effendi et al., 2023).
The leading group begins by throwing a ball to break the stack, after which they must attempt
to reassemble the “plates” while the guard group throws the ball to disrupt their efforts. If a
player is hit by the ball while reassembling, their turn ends, adding a layer of strategy and
excitement to the game (Nasution & Siregar, 2017).

The selection of Pocah Piring over other contexts is based on several factors. First, the
game is deeply embedded in local cultural practices, making it familiar and engaging for
students. This familiarity can increase motivation and participation (Yu et al., 2021), as students
can relate the game’s activities to their own experiences (Inci et al., 2023; Sulistyanto et al.,
2023; Vankus, 2021). Additionally, the game’s physical nature, which involves stacking,
breaking, and rearranging objects (Effendi et al., 2023), provides a tangible way for students to
observe and analyze patterns, which is crucial for understanding arithmetic sequences.
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Furthermore, the game’s dynamic nature, as students incrementally add or remove
objects, naturally introduces the concept of difference between consecutive elements, a core
idea in arithmetic sequences. Through this engagement, students can better grasp the idea of
constant differences in a sequence as students incrementally add or remove objects, creating a
foundation for understanding the nth-term formula. The richness of this context lies in its ability
to bridge students’ informal, everyday experiences with formal mathematical concepts. It is
hoped that Pocah Piring, as an educational tool, will bridge abstract mathematical concepts and
students’ daily activities, enabling them to establish meaningful connections and achieve
improved academic performance in arithmetic sequences.

Methods

This study used educational design research with validation study type, which was an proper
way to achieve research objectives, started with a preliminary design phase, design experiments
phase, and retrospective analysis (Gravemeijer & Cobb, 2006). This research was conducted in
Palembang with eight-grade students. The steps in this research can be seen in Figure 1 :

Thought Thought
experiment experiment
/_W—\ Retrospective
.. . Analysis
Preliminary Design 4
e Literature review s Pilot s Analyzing the data,
® Designing hypothetical learning trajectory and experiment reflection, finding
learning activities based on the learning objective » Teaching interpretation
o Validation process with expert (teacher and experiment » Developing local
lecturer) — Focus Group Discussion T Bpemmar instructional theory

.

Instructional Instructional
experiment experiment

Figure 1. Design research method according to van den Akker et al. (2006)

The subject were eighth-grade students from a junior high school in Palembang. A total
of 42 students were involved: 6 students participated in the pilot experiment, and 36 students
participated in the teaching experiment. Data collection methods included student worksheets,
teacher observations, and student interviews. Data was analyzed using qualitative descriptive.
Observations and student work were analyzed to uncover the reasoning behind students’
problem-solving processes and their conceptual understanding.

In the preliminary design phase, a literature review was conducted on arithmetic
sequences and the development of RME-based learning activity sheets. The study’s results
consisted of an activity designed to achieve learning objectives related to arithmetic sequences
for eighth-grade students. This design was developed for each stage of learning and included
conjectures about students’ activity trajectories in understanding the concept of the nth-term
formula of an arithmetic sequence. Additionally, a focus group discussion with lecturers (the
expert judgment), researchers, and mathematics teachers about the conditions of the students,
their learning needs, and the activity sheets created was conducted as part of a validation
procedure.
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Next, in the design experiment stage, two trials of student activity sheets that had been
designed were carried out in two stages. The first stage was a pilot experiment involving six
students with high, medium, and low abilities. This stage aimed to revise the learning activity
sheets that had been designed, obtain feedback for improving the Hypothetical Learning
Trajectory (HLT), and evaluate the initial feasibility and implementation of activity sheets.
After adjustments were made, the next stage was a teaching experiment involving 36 students,
which was used to test the outcomes of the revision in order to investigate and hypothesize
about the students’ strategies and thinking processes during the actual learning process.

After completing the pilot and teaching experiments, the data collected from observations,
student work, and feedback were analyzed retrospectively. The retrospective analysis involved
identifying patterns in student learning, reflecting on the outcomes, and interpreting the data.
This analysis aimed to develop a local instructional theory and evaluate the learning activities
that had been implemented.

Results
Preliminary design

During this phase, researchers discussed with a model teacher to refine the research plan and
reviewed a joint draft created and focused on incorporating the traditional game ‘Pocah Piring’
into the study. The relationship between learning stages, learning activities, and basic concepts
is presented in Figure 2.

‘ Leaming Stages | ‘ Leaming Activities | ‘ Basic Concapts ‘
I * Explaining Poczh Piring same stages
g Linking students experience of and rulez
] traditional game “Pocah Piring’ as » Students share their experiences and
-;,% the starting point of leaming understanding of the Poczh Piring
game
f Working on Activity 1
o Applying Poczh Piring Game in » Continuing the stone arrangement in
= order to make students recognize Pocah Piring game The concept of
= that the problem was about finding a « Identifying a pattern from the number pattern
= pattem number of stones arranged in Pocah
Pirmg game
R I e T T I
e i - e e e e —
I Working on Activity 2
» Identifying the number of stones in
= Stimulating studentz to be able each ro'l:m_d and hn.v.' to count "
L = - » Determining the difference between
= evaluate their own models in the number of each adjacent stone : The concept of
it computing the mumber of stones at arranpement d arithmetic sequences
3 each level to identify the differences « Finding the mmber of stones needed
if the game 15 played in the 14th

round

Working on Activity 2 and 3 :

» Finding the mmmber of stones needed
if the game is played in the 60th

Weorking togather in groups, sach round. Formula of the nth
student determines the formula by » Identifyins the formula for the nth term in arithmetic
caleulating the number of stones in term of zn arithmetic zequence from zequences

the 60th stages problems in the Poczh Piring game
= Applying the formula for the nth
term in other contextual problems

Figure 2. The relationship between learning stages, learning activities, and basic concepts
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The teacher and researchers determined the material to be selected, specifically an
arithmetic sequence, while considering adjustments based on the Merdeka curriculum. The
researcher and teachers also discussed student activity sheets, research instruments, and the
RME approach and conducted observations of students in the selected classroom who would
serve as research subjects in the experimental design stage. The researchers discussed with the
model teacher to further comprehend the students’ abilities and conditions. It was discovered
during the model teacher’s interview that the arithmetic sequences content was taught in eighth-
grade.

Based on Figure 2, the learning stages are arranged to align with students’ experiences
and cognitive development. At the ‘situational stage,” students are introduced to the traditional
game Pocah Piring to connect their experiences with the concept of number patterns.
Furthermore, in the ‘model of” stage, students begin to identify patterns in the arrangement of
stones in the game, realizing that there is a regularity in the change in the number of stones in
each round. At the ‘model for stage,’ students analyze the differences between the arrangements
and create their mathematics models to determine the pattern of changes in the number of
stones. Finally, at the ‘formal mathematics stage,” students work collaboratively to compile a
general formula for the nth term in an arithmetic sequence and apply it to predict the number
of stones in the 60th round or other rounds. Furthermore, the HLT design that had been
developed is depicted in Table 1.

Table 1. Design of HLT

Aims Activity Conjecture of Students’ Thinking
To Activity 1 : A glimpse of Number Patterns ¢ Students can continue the number
understan  (See Table 2) of stone arrangements by drawing
d the S e e g o bt Lo o aie e | and writing the number.,
concept below and count the number of the next stones e Students can identify whether the
of nth- number of stone piles in each
term round forms a number pattern
formula and provide reasons for their
n o ; statements.
arithmetic e £ e Students can determine the next
sequence | g ‘ g 3 three numbers from the number

‘ sequence in question.
1 3 5 7
Activity 2 (Question 1) : Find the Number  Students can find out the number of
of Stones in Each Round stones in each round
(Sge Table

Traditional Pocca Piring Game from Batak Toba

A group of children play Pocca Piring on a field with different stone arrangements in each
round. The following is the arrangement of stones used by the children during the game:

5 &3

IstRound 2nd Round 3rd Round 4th Round 5th Round 6th Round
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Aims Activity Conjecture of Students’ Thinking
Activity 2 (Question 2): Find the e Students can determine the
Difference Between Two Piles of Stones ‘difference’ between each round
From Adjacent Rounds by calculating the difference in
(See Table 4) the number of stones used in the

next round and the previous
round.

e Students can identify the concept
of ‘difference’ in arithmetic
sequences.

e Students can provide a
generalization of the ‘difference’
formula in arithmetic sequences
that have been found.

Activity 2 (Question 3): find the number of ¢ Students can find the number of

14 stones stones used in the 14th round

(See Table 5) e Students can reason and model
problems into mathematical
models

e Students can find the formula for
the nth term of an arithmetic

sequence
Activity 2 (Question 4) : Find the number o Students can manipulate simple
of the 60 stones algebraic calculations
(See Table 6) e Students can provide

mathematical modeling of
problems using their reasoning
skills

e Students can provide conclusions
from their findings on the
formula for the nth term of an
arithmetic sequence from the
given problem

Activity 3 : Applying the Formula to a e Students can understand the
Real-World Problem concept of the nth term formula
(See Table 7) in an arithmetic sequence

e Students can use the nth term
formula of an arithmetic
sequence that they have
understood to solve real-world
problems.

Design experiment

There were two cycles in the design experiment stage: the teaching and pilot experiments. Six
students with high, medium, and low ability levels took the HLT test during the pilot trial phase.
In the experimental teaching phase, the outcomes of the pilot experiment phase were examined
and tested. Changes in HLT were influenced by strategies that had not been implemented,
events in the class that could not be anticipated, and activities that were too difficult to
implement. Recognizing the significance of these influences, an HLT adjustment was made to
provide the ideal conditions for the data that will be examined.

Based on the Hypothetical Learning Trajectory (HLT) created, the researcher tested the
draft during the design experiment stage after consulting with the lecturer and teacher. This
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research developed a learning trajectory about ‘finding a formula of the nth-term of an
arithmetic sequence’ through several learning activities for eighth-grade students. The learning
activities consisted of four activities. Thirty-four students who were the focus of the study were
given the redesigned HLT to test during the teaching experiment phase. The teacher started the
lesson by asking students about the ‘Pocah Piring’ game, a context used to clarify students’
knowledge and provide a practical application for the learning process.

Activity 1: A glimpse of number patterns

The learning goal of Activity 1 was that students can identify and understand number
sequences. The first activity was related to contextual activities, with the ‘Pocah Piring’ as the
given context.

Table 2. Students’ answer in activity 1

English Version Students’ Answer (Indonesian Version)
After you have done the activity, does the
number of stones in activity 1 form a
pattern? State your reasons.

Setelah kamu mengetjakan aktivitas 1, apakah jumlah batu pada aktivitas | membentuk sebuah
pola ? kemukakan alasanmu !

Answer : Jaweb: |
Yes, the number of stones in activity 1 Y, Jorth bl ‘)q:'a akbiar | membertuke febuah rolq. 4
forms a pattern. Because the stones are farenn by oot berbol gt duson mengikui aburen [pola ot |

arranged according to a rule/pattern,
namely a consistent addition rule between

| Gnta
alkoun Qetambaon Yot songken. di antara 3ekop ganior.

|
|
|
!

each image.

Continue the following numbers! find the Lanjutkan angka berikut ini ! Temukan tiga angka selanjutnya.
next three numbers w. 9,4, 85 i v

Answer :

Jawab: 2,4, 6,8,10, 12, 14

- DGy B g ser p smugie
t2L 42 vl t2 2 +1
Jawab: 2 , 4, 6,8, 10, 12, 14

w58 a5 R sl 8 o 6. 1,3 6510 sy 5w
+2 %2 FTZ 2 2 +2 %

®  LoiBir 0 1Dy con n nonn S Jawab: 1,3, 6, 10,15 12l 28
NN N A .
Jawab : 1.3, &, 10, |5 21 , 28 f2 0 4 45 t6 TT
L DS e GEEe S

<
42 +» *4 45 r*e 7 -

From the figure, the students answered the question given by stating that the number of
stones in the game forms a pattern with the addition rule. In this activity, when students were
asked whether the number of stones in activity 1 formed a pattern, students said that 'the number
of stones in activity 1 formed a pattern, because the stones were arranged according to a rule
or pattern, namely a consistent addition rule between each round’. Students are also able to
continue the numbers in the given number pattern and state the addition rule by writing +2 and
+2, +3, +4, etc., in the answer.

Activity 2 (Question 1): Find the number of stones in each round

This activity aimed to help students understand the concept of arithmetic sequences and be able
to find the formula for the nth term in an arithmetic sequence. The teacher reminded students
of the context of the traditional game ‘Pocah Piring’ based on the previous activity and asked
them to observe the picture given.
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Table 3. Students’ answer in activity 2 question 1

English Version Students’ Answer (Indonesian Version)
Round 1: 3 T
Round 2: 3+2 =5 Bosc & B
Round 3: 5+2 =7 Boloek 2 = 3+L =5
Round 4: 7+2 =9 ’Baqub . 541 =T
Round 5: 9+2 =11 E Babox ii: 7+2 =9
Round 6: 1142 =13 | Dbk 5 ¢ g2 =1l

| Paoax @ @ 142 =12

I count the stones by looking at the picture g s
| daga ey g ot

lah \Dah( Jen‘jan melhat gam‘xﬂnf»

Through this activity, students determined the pattern in the number of stones in each
round by counting the number of stones in each round, as illustrated in the picture. Student 2
has demonstrated an understanding that the number pattern associated with the number of
stones in each round follows an addition rule of 2, adding by +2 each time. This understanding
leads them to comprehend the concept of ‘difference,” which will be asked in the next question.

Activity 2 (Question 2): Find the difference between two piles of stones from adjacent rounds

In order for students to understand the concept of 'difference' in arithmetic sequences, Question
2 of this activity asked them to determine the difference in the number of stones used in each
round of the Pocah Piring game. After that, students were also asked to write down the
generalization results of the 'difference' model they had previously done in question 2 by writing
the 'difference' formula in the answer on their activity sheet.

Table 4. Students’ answer in activity 2 question 2

English Version Students’ Answer (Indonesian Version)
Yes, the difference between 2 adjacent stone | Jyyb:
structures is always the same.
Difference = 2" round - 1** round

T bad o Gl ot  Gnay bk Yong b ¥l St

= 5 stones - 3 stones bedo » ol ke 1 ~ obak 8 | bedachaak k4% - baboi k4 L
= 2 stones = Ghaw . Vboku < Thote - Thagy
Difference = 3" round — 2" round - Ybolo = Lhag
=7 stones - 5 stones
Difference_:24ﬁ‘t(1:§f1;d — 3" round b i - s e belo: B e § -V el
=7 stones - 5 stones s M - Tt s bate . dhate
= 2 stones = Lhaty - Lok
Difference = 5" round — 4™ round W
=7 stones - 5 stones - Gk - (ke swmmlbx::@ odolaly
= 2 stones sivaty

Difference = 6 round — 5" round
=7 stones - 5 stones I S
_ Beda =J“"“‘°‘"bqt“pmhb‘k Stniitves
= 2 stones Jamlaln bakt ebelgwnyp.

so the difference is 2 stones

Difference formula = number of stones in the

next round — number of stones in the previous

round
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In this activity, students calculated the difference between two consecutive stone
arrangements by subtracting the total number of stones in the subsequent round from the total
in the preceding round. They also recognized that the difference in the sequence remained
constant and were able to generalize this as a difference formula, conceptually expressed as
‘difference = sum in the next round — sum in the previous round’. Although they did not
represent it formally using algebraic notation (e.g., ‘b = U, — U,,_;’), their understanding
reflected an emerging grasp of the underlying mathematical structure.

Activity 2 (Question 3): find the number of 14™ stones

In question 3, students were required to calculate how many stones were used in the fourteenth
round of the Pocah Piring game. Students were also asked to write down their calculation
method to solve the given problem. At this stage, students were expected to provide calculations
that lead to the formula for the nth term in an arithmetic sequence.

Table 5. Students’ answer in activity 2 question 3

English Version Students’ Answer (Indonesian Version)
Jawab :
Round 1 2 3 4 5 6 Baax k& 11 | 2 [ 3 HH_S\H
Num- 3 5 7 9 11 13 doman Batu |3 | 5 \ 71 kL“___?,
beI' Of Bobok xe |\ = %} — 3+0X2
stones Baoak ke L =5 =341 —_— 3+‘2><?i
Bk ke 3z 7 234242 = aTas
Balook ke 4= 9 Zh4242+2 ] —p 33 %L
Round Bobuk ke 5 =11 =3+2+242+2 —_ 3+'4";
Bobak ke 6 = 1% =34 2+2 4242041 e g 9%
Bamk Ke Tz 3 424242424242 ——p3tEx2315
Babak ke § = Y 4247 42 AL —— &l
bk ¥ 9= 3424242 42+242424) -»——’03*;8’(7-=I9
The number of stones in the Bk KE 0= 3tziliraviriedrirdl  ——— 31 Oxn 2 g
- Baoak_Ke Il = 3424242424242 42424242 ——* 3t 10X 223
14th round is 29 stones Gukg ke Lo 3f 242 FLALFLALILR2421290 Y34 11X2 =15
Babax e 13 = 32 4 2HL FLH AL ALAL AL 74 — 3T ITXL = 2}
ao i 2+ 2 0L A R L b 3 XL T L)
doak ke 14 = 5+

Jumbh batu pada babak ke 14 odaleh 23 batu.

Throughout this activity, students attempted to construct a mathematical model of the
given problem, and it was evident that their model led to the idea of the nth-term formula in an
arithmetic sequence. Students were able to represent the number of stones using a table.
Additionally, by writing 3+13x2 to answer the issue, students could construct a generalization
of the addition of 2. By adding two n times, students would obtain a mathematical model that
aligns with the solutions of the problem.

Activity 2 (Question 4): Find the number of the 60" stones

Students were asked to determine how many stones there were in the 60th stage in this question.
By providing a relatively large number that would take a long time to calculate manually
without a formula, this question aims to test students’ mathematical modeling skills. It is hoped
that they will be able to generalize their calculations, enabling them to determine the nth-term
formula of arithmetic sequences.
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Table 6. Students’ answer in activity 2 question 4

English Version Students’ Answer (Indonesian Version)

Answer : Jawab :
Round 13 : 3 +12 X 2 = 27 Bobak ve 13 = 3+1Bx2= 27
Round 14 : 3413 x2 =29 b i (e WHEAR = 29
Number of stones in round 60 Jurtiah botu pada bolak ke 60 = Jumlah bobu pada baak peclama +
= number of stones in round 1 + round — 1 Labak -1 x bedn

x difference =3+59y7
=3+4+59x2 2121 bt
= 121 stones
Istterm = Uy = Uy +0 x'b Sekea T 0 Ty e
2ndterm = U, =U; +1X%xDb B ket U o1l & 3k
3rdterm = U3 =U; +2Xb iflﬂ:tff-ﬁiiﬁ,'t‘;;‘:
4thterm = U, =U; +3 X b Shikse= ol Sxk
Sthterm = Us=U; +4 X b g gL R
6thterm = Uy =U; +5%b
7th term = U7 — U1 + 6 X b Sukuke N= Un= U+ (n=)xdb
8th term — U8 — U1 _I_ 7 X b Schingga, rumus suku ke-n pada barisan bilangan aritmatika adalah
9thterm = Uy =U; +8Xb Un= Uit () kb

nthterm =U,=U;+(n—1)Xb
So, the formula for the nth term in an

arithmetic sequence is
U,=U;+(n—=1)Xb

Based on the figure, student could use their own formula from the previous calculation in
question number 3 and use that to answer question number 4. After that, they made a
generalization by stating that the first term is U; = U; + 0 X b and continued to the nth term
by stating the general formula

Activity 3: Applying the formula to a real-world problem

In the last activity, students were asked to apply the formula they had found previously to solve
the real problems given. From this activity, it was expected that students would not only
understand the concept of the nth-term formula in an arithmetic sequence but also solve real
problems related to arithmetic sequences.

Table 7. Students’ answer in activity 3

English Version Students’ Answer (Indonesian Version)
Question : Several bricks are stacked with Pertanyaan : Beberapa batu bata
different numbers in each pile. The number of ditumpuk dengan jumlah berbeda-beda di
bricks in the top pile is 6 bricks, right below it setiap tumpukannya. Banyak batu bata di

is 9 bricks, and so on. Each pile below it tumpukan paling atas ada 6 bata, tepat
always has 3 more bricks than the pile above  dibawahnya ada 9 bata, dan seterusnya.
it. If there are a total of 40 piles from top to seriap tumpukan dibawahnya selalu lebih
bottom, the number of bricks in the bottom banyak 3 batu dari tumpukan diatasnya.
pile is jika terdapat total 40 tumpukan dari atas
Answer : sampai bawah, jumlah batu bata pada
Known : First pile = U, =6 tumpukan paling bawah adalah
Jawaban =

543



Dhea Anisah Putri, Zulkardi, Ely Susanti, Meryansumayeka

Penyelesaian :

Diketohui : £umpukon fertama = Uy =6
£ um pun kedvo = Ui1:9
Reda =bh=3

Second pile = U, =9
Difference =b =3
Asked : the number of stones in 40" pile

Answer : Ditanyo - kuwQukan keyo. .7

40th pile = Uy =U; + (n— 1) X b gl £Cn=)XD
= 6+ (40 — 1) X 3 A he-uo(t).qu)jl.:“”v””
= 6+39x3 e 1853
= 6+ 117 :_ 123 Dok hatd
= 123 bFleS \\a\d\’ Jumlan ot Lbata ?o&n ng bowan odalan 123 batn bata.

So, the number of bottom stones is 123 bricks.

In the table above, it can be seen that students were able to state that the first pile is Uj,
the second pile is U,, and determine the 'difference' of the problem. Students could also apply
the formulas that had been obtained and solve the given problem. By solving this problem, it
could be shown that students understand the concept of the nth-term formula in an arithmetic
sequence and use the nth-term formula of an arithmetic sequence they had understood to solve
real-world problems.

Retrospective analysis

After conducting the second phase, it is shown that students’ way of thinking in modeling the
problem into mathematical formulas undergoes a horizontal mathematization process by
providing the nth-term formula, which involves various symbols such as Un, U1, and b. The
results of compiled data can be seen in the following iceberg illustration in Figure 3.

U,=Us+m—1b
Un= Uit () xb

I c e B e rg Activity 2 (Question 4) : Find the Sukuke 1= Uq = Ui+ 0xb

number of the 60% stones Sukuke2= U, = Uy + 1 Xb
Sukuke3= Uy = U + 2 Xb

Sukuked = Uy =
babak e 13 = 3HIRx2= 2% Sukukc5=u:;g:rj::
Bk ve 142 3+13%2 = 29 Sukuke6=Ue =y 4 5y
Sukuke7=U7 =y, 4 ¢ o
Qo botu pade bokak Ke b0 = Jumlain oot peck balk pertama + - Sukuke 8= Ug = Uy 4 7 x b

Formal Mathematics

Jawab :

babaic -1 x beda Sukuke.d= Ug=u; 4+ 8 xb
o : Model For
ER VAW
z Sukuke N=Un =z Ug+ (n=1)xb
Activity2 (Question 1 and 2) : Find the Number Activity 2 (Question 3):) find the nuraber of 14% stonss
of Stones in Each Round and Difference Between = —
Two Piles of Stones From Adjacent Rounds ‘ 2 ; o B T B
;b 1) [Sumian Batu 3“"5‘{ 7 lT *T\_‘J
oK | - . Bobok xe | = 2 ——n3+0x2
Dok 22 34225 Buoax. ke 2 = 5 =342 — v
[Batoak ke 3= 7 234242 — 2t
ot 3 = 54137 Balook K& 4= 8 z%424242 p3E3XL
Bobuk ke 5 =11 =3+1L4242+2 ———vo;;w;:i
y — 3+
Babek 4 : TH2 = Bobak ke 6 = {3 =3+2+2+242+2 ~
T Qoo K=;= 3424242424242 _’03*4»*_":~:f
5 Dapakskeiby=: @ 2 2424242 ——o 3t 7¥2 <
Bk 5 9=l e v 9= iamEAEML,  —=31sw el Model Of
|Babak ke 10 = F42+r42A14242424242  ——03F 9 X2 = 9
61410 (e e 1= >32maadzadrdasradds ——— ;:I'o:& 22l
. = = L —— " 3
Bl Boba Ko L= Bk 2t S tTaz42tat2ta 4 — 3 FILRLE 2D
Goba ke 13 ezt 7
g fdora_(ortlah baty Jgnaan melhat gﬂvﬂx\r. v,:,.: o M: R R AR
Wi V!
i meﬂé‘ 24 Jumbh batu pada babakx ke 14 adalay 29 batu

Activity 1 : A glimpse
of Number Patterns &,

o5 &
s23k %

Babak|  Babek2 Babak3  Babakd Babak § Babak 6

Situational

Figure 3. Iceberg design in nth term formula of arithmetic sequences
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According to the results from the teaching experiments and retrospective analysis, the
activities created in the Local Instructional Theory (LIT) may help students rethink the ideas of
the nth term in the arithmetic sequence. It is evident that for gaining the learning objectives, as
students can understand the concept of the nth-term formula in an arithmetic sequence. The
teacher should start with context that is real to the student and make them understand the
‘difference’ concept first before jumping to the modeling stage.

The Pocah Piring game serves as an introductory activity to connect students' existing
knowledge and experiences to the concept of arithmetic sequences by enganging in hands-on
activities to recognize number patterns in the game (‘situational’ stage). Then, students begin
by recognizing that the number of stones follows a pattern based on repeated addition (e.g., +2
each time). Students understand that the sequence follows a consistent rule of addition,
identifying arithmetic sequences. After that, students determine the common difference
between terms in the sequence by formalizing the concept of 'difference' as a fundamental
property of arithmetic sequences. In this part, students begin to identify patterns in the game’s
progression, focusing on how the number of stones increases in a regular manner, thus laying
the foundation for understanding arithmetic sequences (‘model of” stage).

As the student already knows the ‘difference’ concept, challenge them with a smaller
number first and then give them a bigger number so that they use their mathematical reasoning
to find the nth-term using their own calculation. Students move from observation to analysis by
identifying and formalizing the relationships between the numbers. This stage focuses on the
formulation of patterns and the construction of a mathematical model for the arithmetic
sequence (‘model for’ stage). In the last part, students use their previous understanding to derive
the nth-term formula for the arithmetic sequence and apply it to real-world problems, such as
predicting the number of stones in the 60th round (‘formal mathematics’ stage). Students are
able to model real-world problems using the nth-term formula and gain confidence in its
application. However, it took longer for the students to comprehend what the variables meant.
It was found that students require more time to comprehend symbolic representations than
verbal and pictorial ones, so instead of using the variable directly in activity 2, the teacher
suggested using an abbreviation to represent the number of stones or allowing students to freely
represent their own variables, such as round 1, round 2, etc. Then, as they worked on activity
3, which involved applying formulas to real-world problems, students learned about variables
like Un, U1, b, etc.

Discussion

The Pocah Piring game effectively grounds abstract mathematical concepts in students’ real-
life experiences, making it easier for them to grasp the underlying patterns. Integrating the
Pocah Piring game into mathematics instruction serves a dual purpose: it enhances students’
enthusiasm and motivation (Ginting & Rakhmawati, 2024) while providing a structured yet
flexible environment to validate the effectiveness of the designed learning trajectory. The
game’s mechanics (stacking, breaking, and reassembling objects) create a rich, real-world
context that allows students to explore mathematical concepts in a tangible and engaging way.

545



Dhea Anisah Putri, Zulkardi, Ely Susanti, Meryansumayeka

By participating in the game, students are naturally motivated to investigate mathematical
relationships, such as identifying patterns, predicting outcomes, and deriving formulas, all
within a familiar and interactive activity. This aligns with the principles of Realistic
Mathematics Education (RME), which emphasizes starting from meaningful (Inci et al., 2023),
real-life contexts to guide students toward formal mathematical reasoning (Fauzan et al., 2024).
The gradual development from concrete activities to abstract mathematical formulation
supports cognitive development and ensures deep understanding (Fredriksen, 2021).

As most of the time, the conjecture about students’ thinking were accurate, allowing
teachers to employ well-prepared probing questions to help the students achieve the learning
objectives. According to earlier research (Fauzan et al., 2020; Isik et al., 2020; Gee et al., 2018),
the LIT was particularly beneficial in encouraging students to reinvent mathematical ideas, and
these results support those findings. Learning trajectory shows that to teach the concept of
arithmetic sequence effectively, instruction should begin with concrete examples, such as
physical objects (e.g., stones, blocks) or visual patterns that help students see how sequences
grow. Gradually, instructions can progress to a more abstract form using symbols and formulas.
The iterative nature of the game fosters a deeper conceptual understanding of arithmetic
sequences as they observe and analyze patterns over multiple rounds of play. The iterative
refinement of instructional strategies based on student feedback ensures that the learning
trajectory remains flexible and responsive to the needs of learners.

The game acts as a central tool for creating a learning trajectory that bridges students’
informal experiences with formal mathematical concepts (Wijaya & Doorman, 2021). By
embedding mathematical exploration within the game’s mechanics, the study ensures that the
learning process is practical and effective in real classroom settings. Pocah Piring, therefore,
plays a critical role not only as an engaging educational tool but also as a learning media for
validating instructional design. Its ability to connect abstract mathematical ideas, such as the
nth-term formula in arithmetic sequences, to students’ everyday experiences underscores its
potential to significantly improve academic performance and foster meaningful learning.
Teachers can use these findings to refine their instructional strategies, offering more interactive
and context-rich experiences that align with students’ everyday experiences, enhancing
understanding and applying mathematical concepts..

Conclusion

A learning trajectory can be produced by using the traditional game "Pocah Piring" as the
background since it can help students grasp the concept of "finding the nth term in arithmetic
sequence". The research step, including preliminary design, design experiment, and
retrospective analysis, can verify the validity of the local instructional theory (LIT). Three
learning activities were applied to the arithmetic sequence content to accomplish the learning
objectives. Students’ way of thinking in understanding the concept of the nth-term formula in
arithmetic sequence can be illustrated when they work on the activity. It will help teachers
develop learning activities that are appropriate for their students. By conducting the local
instructional theory in this research, teachers can utilize the Hypothetical Learning Trajectory
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(HLT), which is based on Realistic Mathematic Education (RME) and uses valid arithmetic
sequence material, as a guide when implementing learning and creating other learning flows.

This study’s implications demonstrate how well culturally appropriate context, such as
Pocah Piring game, may be included into abstract mathematical concepts, enhancing student
engagement and understanding. The fact that this study was only tested in one school limits its
applicability. The sample, consisting of students with similar academic levels and learning
environments, may not represent the diverse range of students found in different schools.
Further researchers can conduct similar research with trials in various schools with diverse
conditions and backgrounds of students.

Acknowledgement

Researchers would like to express our sincere gratitude to the mathematics teachers and middle
school students who participated in this research. The authors also gratefully acknowledge the
PMDSU (Master’s Education towards Doctorate for Excellence) Batch VIII Scholarship in
Sriwijaya University, Palembang, Indonesia

Conflicts of Interest

The authors declare no conflict of interest regarding the publication of this manuscript. In
addition, the authors have completed the ethical issues, including plagiarism, misconduct, data
fabrication and/or falsification, double publication and/or submission, and redundancies.

Funding Statement

This work was supported by the Ministry of Education, Culture, Research, and Technology of
Indonesia through PMDSU (Master’s Education towards Doctorate for Excellence) Batch VIII
Scholarship

Author Contributions

Dhea Anisah Putri: Conceptualization, investigation, writing - original draft, editing, and
visualization; Zulkardi: Supervision, formal analysis, and methodology; Ely Susanti: Writing
- review & editing, validation. Meryansumayeka: Resources and project administration.

References

Azizah, N., Fitri, D. Y., & Lovia, L. (2023). Pengembangan e-modul berbasis realistic
mathematics education ( RME ) berbantuan flip pdf professional pada materi barisan dan
deret [Development of e-modules based on realistic mathematics education (RME)
assisted by flip pdf professional on sequences and series]. Jurnal Pendidikan Tambusai,
7, 11087-11096.

Bustang, Zulkardi, Darmawijoyo, Dolk, M., & van Eerde, D. (2013). Developing a local
instruction theory for learning the concept of angle through visual field activities and
spatial ~ representations.  International = Education  Studies,  6(8), 58-70.
https://doi.org/10.5539/ies.v6n8pS8

547


https://doi.org/10.5539/ies.v6n8p58

Dhea Anisah Putri, Zulkardi, Ely Susanti, Meryansumayeka

Drijvers, P., Doorman, M., Boon, P., Reed, H., & Gravemeijer, K. (2021). Teachers’
responsiveness as a key element in supporting learners’participation in arithmetic
discourses in primary classroom. Broadening experiences in elementary school
mathematics, 9(3), 72.

Domu, 1., & Mangelep, N. O. (2020). The development of students’ learning material on
arithmatic sequence using PMRI approach. Atlantis Press, 196, 426—432.
https://doi.org/10.2991/aer.k.201124.076

Doorman, M. (2019). Design and research for developing local instruction theories. Avances de
Investigacion En Educacion Matematica, 15, 29-42.
https://doi.org/10.35763/aiem.v0i115.266

Efendi, U. R., Saragi, D., & Ndona, Y. (2023). Nilai-nilai karakter dalam permainan tradisional
pecah piring [Character values in the traditional game of breaking plates]. Perspektif:
Jurnal Pendidikan dan Ilmu Bahasa, 1(4), 308-318.
https://doi.org/10.59059/perspektif.758

Fauzan, A., Nasuha, R., & Zafirah, A. (2024). The roles of learning trajectory in teaching
mathematics using RME approach. In Proceedings of the 14th International Congress on
Mathematical  Education:  Volume II:  Invited Lectures (pp. 197-209).
https://doi.org/10.1142/9789811287183 0013

Fauzan, A., Harisman, Y., & Sya'bani, F. (2022). Local instructional theory of probability topics
based on realistic mathematics education for eighth-grade students. Journal on
Mathematics Education, 13(4), 703-722. http://doi.org/10.22342/jme.v1314.pp703-722

Fauzan, A., & Diana, F. (2020). Learning trajectory for teaching number patterns using RME
approach in junior high schools. Journal of Physics: Conference Series, 1470(1),012019.
https://doi.org/10.1088/1742-6596/1470/1/012019

Fredriksen, H. (2021). Exploring realistic mathematics education in a flipped classroom context
at the tertiary level. International Journal of Science and Mathematics Education, 19(2),
377-396. https://doi.org/10.1007/s10763-020-10053-1

Gee, E., Fauzan, A., & Atmazaki, A. (2018). Designing learning trajectory for teaching
sequence and series using RME approach to improve students’ problem solving abilities.
Journal of Physics: Conference Series, 1088(1), 012096. https://doi.org/10.1088/1742-
6596/1088/1/012096

Ginting, S. M. B., & Rakhmawati, F. (2024). The influence of realistic mathematics education
(RME) model based on ethnomathematics of engklek game on students' mathematical
problem-solving abilities. Prisma Sains: Jurnal Pengkajian Ilmu dan Pembelajaran
Matematika dan IPA IKIP Mataram, 12(3), 428-438. https://doi.org/10.33394/;-
ps.v12i3.11905

Gravemeijer, K., Stephan, M., Julie, C., Lin, F. L., & Ohtani, M. (2017). What mathematics
education may prepare students for the society of the future?. International Journal of
Science and Mathematics Education, 15, 105-123. https://doi.org/10.1007/s10763-017-

9814-6
Gravemeijer, K. (2016). Design-research-based curriculum innovation design research como
modo de inovagao curricular. Quadrante, 15(2), 7-23.

https://doi.org/10.48489/quadrante.22935

Gravemeijer, K. (2008). RME theory and mathematics. Tools and Processes in Mathematics
Teacher Education, 283-302.

Gravemeijer, K., & Cobb, P. (2006). Design research from a learning design perspective. In
Educational design research (pp- 29-63). Routledge.
https://doi.org/10.4324/9780203088364

Gravemeijer, K., & Doorman, M. (1999). Context problems in realistic mathematics education:
A calculus course as an example. Educational Studies in Mathematics, 39(1-3), 111-129.

548


https://doi.org/10.2991/aer.k.201124.076
https://doi.org/10.59059/perspektif.758
https://doi.org/10.1142/9789811287183_0013
http://doi.org/10.22342/jme.v13i4.pp703-722
https://doi.org/10.1088/1742-6596/1470/1/012019
https://doi.org/10.1007/s10763-020-10053-1
https://doi.org/10.1088/1742-6596/1088/1/012096
https://doi.org/10.1088/1742-6596/1088/1/012096
https://doi.org/10.33394/j-ps.v12i3.11905
https://doi.org/10.33394/j-ps.v12i3.11905
https://doi.org/10.1007/s10763-017-9814-6
https://doi.org/10.1007/s10763-017-9814-6
https://doi.org/10.48489/quadrante.22935
https://doi.org/10.4324/9780203088364

Alocal instructional theory for learning the concept of arithmetic sequence ...

https://doi.org/10.1023/a:1003749919816

Haagen-Schiitzenhofer, C., & Hopf, M. (2020). Design-based research as a model for
systematic curriculum development: the example of a curriculum for introductory optics.
Physical Review Physics Education Research, 16(2), 20152.
https://doi.org/10.1103/PhysRevPhysEducRes.16.020152

Hausberger, T. (2020). Abstract algebra teaching and learning. In: Lerman, S. (eds)
Encyclopedia of Mathematics Education. Springer, Cham. https://doi.org/10.1007/978-
3-030-15789-0_ 100022

Howard-Jones, P., Woollacott, B., & Gilmore, C. (2025). The journey from educational
research to classroom practice. Journal of Education for Teaching, 51(1), 173-187.
https://doi.org/10.1080/02607476.2024.2432942

Inci, A. M., Peker, B., & Kucukgencay, N. (2023). Realistic mathematics education. In O.
Cardak & S. A. Kiray (Eds.), Current Studies in Educational Disciplines 2023 (pp. 66-
83). ISRES Publishing

Isik, S., Tutak, T., & Kalkan, M. (2020). The effect of teaching sequence subject with realistic
mathematics education on student achievement and opinion. International Online
Journal of Educational Sciences, 12(1), 184-203.
https://doi.org/10.15345/i0jes.2020.01.011

Jupri, A., Usdiyana, D., & Sispiyati, R. (2022). Introducing an arithmetic sequence using
realistic mathematics education principles. AIP  Conference Proceedings,
2575(December). https://doi.org/10.1063/5.0107765

Kamaludin, K., Ngadiman, N., Festiawan, R., Kusuma, 1. J., & Febriani, A. R. (2020).
Pengembangan permainan pecah piring sintren: Pemanfaatan olahraga tradisional pada
pembelajaran untuk meningkatkan kemampuan motorik kasar anak [Development of the
traditional game of breaking plates: Utilizing traditional sports in learning to improve
children's gross motor skills]. TEGAR: Journal of Teaching Physical Education in
Elementary School, 3(2), 37-45. https://doi.org/10.17509/tegar.v3i2.24447

Leton, S. 1., Lakapu, M., Dosinaeng, W. B. N., & Fitriani, N. (2025). Integrating local wisdoms
for improving students’ mathematical literacy: The promising context in learning whole
numbers. Infinity Journal, 14(2), 369-392. https://doi.org/10.22460/infinity.v14i2.p369-
392

Mangelep, N. O., Tarusu, D. T., Ester, K., Ngadiorejo, H., & Bumbungan, S. J. (2023). Local
instructional theory: Social arithmetic learning using the context of the monopoly game.
Journal of Education Research, 4(4), 1666-1677. https://doi.org/10.37985/jer.v4i14.463

Nasution, R. K., & Siregar, N. I. (2017). Pengaruh permainan tradisional pecah piring dan ular
naga terhadap kecerdasan interpersonal anak usia dini [The influence of traditional games
such as breaking plates and snake and ladder on the interpersonal intelligence of young
children]. Analitika, 5(1), 18-25. https://doi.org/10.31289ANALITIKA.V511.822.G784

Prahmana, R. C. 1. (2017). Design research (teori dan implementasinya: Suatu pengantar)
[Design research (theory and implementation: An introduction)]. Rajawali Press.

Pramono, H., Suripto, A. W., & Della Bestari, S. (2024). Traditional games festival in
international schools as an effort to conservation Indonesian culture. Jurnal Abdimas,
28(1), 64-69. https://doi.org/10.15294/vcx8c035

Putri, F., Rahmadila, & Elfira, F. (2023). Hypothetical learning trajectory of sequence and series
topics based on realistic mathematics education (RME) approach for junior high school.
In AIP Conference Proceedings, 2805(1), 090030. https://doi.org/10.1063/5.0148582

Qirom, M. S., & Juandi, D. (2023). Learning from Indonesia: A systematic literature review on
the implementation of traditional Indonesian games for mathematics education. Beta:
Jurnal Tadris Matematika, 16(2), 136-150. https://doi.org/ 10.20414/betajtm.v16i2.570

Quintero, A. H., & Rosario, H. (2016). Math makes sense!: A constructivist approach to the

549


https://doi.org/10.1023/a:1003749919816
https://doi.org/10.1103/PhysRevPhysEducRes.16.020152
https://doi.org/10.1007/978-3-030-15789-0_100022
https://doi.org/10.1007/978-3-030-15789-0_100022
https://doi.org/10.1080/02607476.2024.2432942
https://doi.org/10.15345/iojes.2020.01.011
https://doi.org/10.1063/5.0107765
https://doi.org/10.17509/tegar.v3i2.24447
https://doi.org/10.22460/infinity.v14i2.p369-392
https://doi.org/10.22460/infinity.v14i2.p369-392
https://doi.org/10.37985/jer.v4i4.463
https://doi.org/10.31289ANALITIKA.V5I1.822.G784
https://doi.org/10.15294/vcx8c035
https://doi.org/10.1063/5.0148582
https://doi.org/%2010.20414/betajtm.v16i2.570

Dhea Anisah Putri, Zulkardi, Ely Susanti, Meryansumayeka

teaching and learning of mathematics. In Math Makes Sense!: A Constructivist Approach
to the Teaching and Learning of Mathematics. https://doi.org/10.1142/p1056

Rachma, A. A., & Rosjanuardi, R. (2021). Students’ obstacles in learning sequence and series
using onto-semiotic approach. Jurnal Pendidikan Matematika, 15(2), 115-132.
https://doi.org/10.22342/jpm.15.2.13519.115-132

Rawani, D., Putri, R. I. ., Zulkardi, & Susanti, E. (2023). RME-based local instructional theory
for translation and reflection using of South Sumatra dance context. Journal on
Mathematics Education, 14(3), 545-562. http://doi.org/10.22342/jme.v1413.pp545-562

Risdiyanti, 1., & Prahmana, R. C. I. (2021). Designing learning trajectory of set through the
Indonesian shadow puppets and Mahabharata stories. Infinity Journal, 10(2), 331-348.
https://doi.org/10.22460/infinity.v10i2.p331-348

Sahara, S., Dolk, M., Hendriyanto, A., Kusmayadi, T. A., & Fitriana, L. (2024). Transformation
geometry in eleventh grade using digital manipulative batik activities. Journal on
Mathematics Education, 15(1), 55-78. http://doi.org/10.22342/jme.v1511.pp55-78

Schoenfeld, A. H. (2022). Why are learning and teaching mathematics so difficult?. In
Handbook of cognitive mathematics. Cham: Springer International Publishing, pp. 1-35,
https://doi.org/10.1007/978-3-030-44982-7 10-1

Sembiring, R. K., Hadi, S., & Dolk, M. (2008). Reforming mathematics learning in Indonesian
classrooms through RME. ZDM - International Journal on Mathematics Education,
40(6), 927-939. https://doi.org/10.1007/s11858-008-0125-9

Siemon, D. (2021). Learning progressions/trajectories in mathematics: Supporting reform at
scale. Australian Journal of Education, 65(3), 227-247.
https://doi.org/10.1177/00049441211045745

Sulistyanto, H., Djumadi, D., Sumardjoko, B., Haq, M. 1., Zakaria, G. A., Narimo, S., Astuti,
D., Adhantoro, M. S., Setyabudi, D. P., Sidiq, Y., & Ishartono, N. (2023). Impact of
adaptive educational game applications on improving student learning: Efforts to
introduce Nusantara culture in Indonesia. Indonesian Journal on Learning and Advanced
Education (IJOLAE). 5(3):249-61. https://doi.org/10.23917/ijolae.v513.23004

Vankus, P. (2021). Influence of game-based learning in mathematics education on students’
affective = domain: A systematic  review.  Mathematics,  9(9), 986.
https://doi.org/10.3390/math9090986

Van den Akker, J., Gravemeijer, K., & McKenney, S. Nieveen, N. (2006). Introducing
educational design research. In Educational design research (pp. 15-19). Routledge
Taylor & Francis. https://doi.org/10.4324/9780203088364

Van den Heuvel-Panhuizen, M., Drijvers, P. (2020). Realistic mathematics education. In:
Lerman, S. (eds) Encyclopedia of Mathematics Education. Springer, Cham.
https://doi.org/10.1007/978-3-030-15789-0 170

Van Den Heuvel-Panhuizen, M. (2005). The role of contexts in assessment problems in
mathematics. For the  Learning  of  Mathematics, 25(2), 2-23.
http://www.jstor.org/stable/40248489

Van Zanten, M., & Van Den Heuvel-Panhuizen, M. (2021). Mathematics curriculum reform
and its implementation in textbooks: Early addition and subtraction in realistic
mathematics education. Mathematics, 9(7). https://doi.org/10.3390/math9070752

Ventistas, G., Ventista, O. M., & Tsani, P. (2024). The impact of realistic mathematics
education on secondary school students’ problem-solving skills: a comparative evaluation
study. Research in Mathematics Education, 1-25.
https://doi.org/10.1080/14794802.2024.2306633

Wijaya, A., & Doorman, M. (2021). A Learning Trajectory for Probability: A Case of Game-
Based Learning.  Journal on  Mathematics  Education, 12(1), 1-16.
http://doi.org/10.22342/jme.12.1.12836.1-16

550


https://doi.org/10.1142/p1056
https://doi.org/10.22342/jpm.15.2.13519.115-132
http://doi.org/10.22342/jme.v14i3.pp545-562
https://doi.org/10.22460/infinity.v10i2.p331-348
http://doi.org/10.22342/jme.v15i1.pp55-78
https://doi.org/10.1007/978-3-030-44982-7_10-1
https://doi.org/10.1007/s11858-008-0125-9
https://doi.org/10.1177/00049441211045745
http://dx.doi.org/10.23917/ijolae.v5i3.23004
https://doi.org/10.3390/math9090986
https://doi.org/10.4324/9780203088364
https://doi.org/10.1007/978-3-030-15789-0_170
http://www.jstor.org/stable/40248489
https://doi.org/10.3390/math9070752
https://doi.org/10.1080/14794802.2024.2306633
http://doi.org/10.22342/jme.12.1.12836.1-16

Alocal instructional theory for learning the concept of arithmetic sequence ...

Yu, Z., Gao, M., & Wang, L. (2021). The effect of educational games on learning outcomes,
student motivation, engagement and satisfaction. Journal of Educational Computing
Research, 59(3), 522-546. https://doi.org/10.1177/073563312096921

Zazkis, R., & Liljedahl, P. (2002). Arithmetic sequence as a bridge between conceptual fields.
Canadian Journal of Science, Mathematics and Technology Education, 2(1), 91-118.
https://doi.org/10.1080/14926150209556501

Zulfah, E., Fauzan, A., & Arnawa, I. M. (2024). Development of local instructional theory on
parallelogram topics based on RME to improve mathematical problem-solving skills.
Journal of World Science, 3(3), 391-397. https://doi.org/10.58344/jws.v313.582

Zulkardi, Z. (2013). Designing joyful and meaningful new school mathematics using
Indonesian realistic mathematics education. Southeast Asian Mathematics Education
Journal, 3(1), 17-26. https://doi.org/10.46517/seamej.v3il.22

Zulkardi, Z., Putri, R. 1. 1., & Wijaya, A. (2020). Two decades of realistic mathematics
education in Indonesia. International reflections on the Netherlands didactics of
mathematics: Visions on and experiences with Realistic Mathematics Education, 325-

340. https://doi.org/10.1007/978-3-030-20223-1

551


https://doi.org/10.1177/0735633120969214
https://doi.org/10.1080/14926150209556501
https://doi.org/10.58344/jws.v3i3.582
https://doi.org/10.46517/seamej.v3i1.22
https://doi.org/10.1007/978-3-030-20223-1

