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Abstract

Statistics is a critical subject for developing students' academic and career competencies, yet it
remains challenging for many students due to its abstract nature. To address this issue, a study was
conducted to design a learning trajectory for teaching statistical concepts by integrating technology,
ethnomathematics, and realistic mathematics education (TE-RME) within the culturally relevant
context of pranata mangsa, a traditional Javanese calendar system. Employing a design research
methodology, the study involved 32 eighth-grade students from a junior high school in Semarang,
Indonesia. It was conducted in three phases: preparation for the experiment, designing learning
activities, and retrospective analysis. The resulting learning trajectory consisted of three structured
activities: observing pranata mangsa videos to collect and present data, deriving formulas for
measures of central tendency, and exploring methods for calculating data dispersion. Findings
indicated that the integration of pranata mangsa in the TE-RME framework significantly enhanced
students' understanding of statistical concepts by connecting abstract ideas to culturally meaningful
contexts. This approach facilitated quicker and more meaningful learning, demonstrating the
effectiveness of incorporating local wisdom into mathematics education. The study also highlights
the potential for future research to explore other culturally relevant contexts to teach mathematical
concepts, further advancing the field of culturally responsive education.
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1. INTRODUCTION

Statistics, as a branch of mathematics, holds a pivotal role in everyday life (Ben-Zvi et
al., 2015), and professional lives to understand, interpret, and communicate statistics
(Crisostomo & Chauhan, 2019). Studying statistics enables students to not only meet curriculum
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requirements but also acquire essential competencies for future success (Ruan et al., 2021;
Zhang, 2018). Mastery of statistics fosters the ability to plan, design, analyze, and interpret the
experimental data (Soe et al., 2021), interpret data effectively, enhance critical thinking, refine
analytical skills, and reasoning (Ben-Zvi et al., 2015). Furthermore, statistics serves as a
fundamental discipline underpinning advanced education and diverse scientific fields, such as
economics, geology, and social sciences (Crisostomo & Chauhan, 2019). Therefore, it can be
concluded that statistics is indispensable for developing critical thinking and analytical skills,
enabling students to effectively interpret data, fulfill academic requirements, and establish a solid
foundation for higher education and various scientific domains.

Although the study of statistics offers numerous benefits, students often encounter
significant challenges in understanding statistical concepts (Borovenik & Teran, 2021). These
difficulties stem from an overwhelming number of formulas that students feel compelled to
memorize, insufficient mastery of prerequisite knowledge, and the abstract nature of interpreting
statistical results (Koparan, 2015; Rosli & Aliwee, 2021). Beyond theoretical challenges,
students frequently struggle to apply statistical concepts to real-world situations, which
diminishes their motivation and interest in learning (Silva et al., 2022). Thus, the study of
statistics poses significant challenges for students, despite its benefits, including the complexity
of formulas, lack of prerequisite knowledge, abstract interpretations, and difficulty in applying
concepts to real-world situations, often leading to reduced motivation and interest.

Several key factors contribute to students' difficulties in learning statistics, including a
lack of real-world applications that make the subject relevant (Silva et al., 2022), ineffective or
incomplete teaching methods (Charles-Owaba, 2019), an absence of conceptual understanding
in the learning process (Koparan, 2015), limited student engagement during instruction (Suarez-
Rivera & Langan, 2022), and the inherent complexity of statistical material (Koparan, 2015). It
means that students' difficulties in learning statistics stem from limited real-world applications,
ineffective teaching methods, a lack of conceptual understanding, low engagement during
instruction, and the inherent complexity of the subject matter. Therefore, it is necessary to design
learning using an innovative approach, namely Techno-Ethno-Realistic Mathematics Education
(TE-RME).

Techno-Ethno-Realistic Mathematics Education has emerged as a promising approach
to address challenges in statistics education. TE-RME offers a comprehensive framework for
innovative mathematics teaching that refines the integration approach between
Ethnomathematics and Realistic Mathematics Education (E-RME) proposed by Prahmana
(2022) and Prahmana et al. (2023) namely by integrating technology as a learning medium in
the learning process. Technology-based learning media play a critical role in enhancing students’
understanding and motivation in the learning process (Drijvers, 2019; Uchima-Marin et al.,
2024). In TE-RME, technology is used to help visualize context as a starting point for learning
obtained from ethnomathematics exploration results.

Ethnomathematics is an essential source of knowledge that can assist teachers establish
effective pedagogical practices in the classroom (Rosa & Orey, 2023). Ethnomathematics
emphasizes the integration of culturally based mathematical concepts, promoting learning
experiences grounded in students’ cultural contexts (D’ Ambrosio, 2018; Rosa & Orey, 2021).
Ethnomathematics studies boost students' interest, understanding, and creativity by
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contextualizing mathematics with real-life ideas and practices (D'Ambrosio, 1999).
Incorporating cultural elements into daily learning not only supports more meaningful
engagement but also fosters improved mathematical literacy (Rosa et al., 2016; Umbara et al.,
2023). Meanwhile, RME focuses on the use of real-world contexts in teaching mathematics
(Streefland, 1991). Its principles include didactic phenomenology, the development of
independent models, student participation, interactive learning activities, and conceptual
connections.

Moreover, RME has been shown to effectively enhance student involvement,
motivation, understanding, and analytical problem-solving abilities (Nursyahidah et al., 2023;
Papadakis et al., 2017). Combining realistic mathematics education with authentic learning
methods improves and develops problem-solving, mathematical modeling competence, and
mathematical communication ability (Da, 2023). Additionally, it strengthens literacy and
numeracy skills (Fauzan et al., 2024) while developing higher-order thinking skills and overall
mathematical proficiency (Sutarni et al., 2024). By combining these elements, TE-RME
provides a holistic approach to fostering meaningful, culturally relevant, and effective learning
experiences in mathematics and statistics education.

In RME, context refers to problem situations derived from students' real-life experiences
or environments that are familiar, relevant, and serve as entry points for developing activities
and understanding mathematical concepts (Putri et al., 2021; Zulkardi & Setiawan, 2020).
Context problems are meant to facilitate a reinvention process that allows students to come to
terms with formal mathematics (Gravemeijer & Doorman, 1999). In this study, the chosen
context stems from an exploration of Javanese ethnomathematics, specifically the pranata
mangsa system.

The pranata mangsa is a form of local knowledge based on a 12-season calendar
traditionally used by Javanese farmers and fishermen to guide their agricultural and fishing
activities (Prahmana et al., 2021). In Hawaii, there is the Hawaiian moon calendar, which is
similar to the lunar calendar-pranatamangsa in Indonesia. This system has been used effectively
to teach mathematics based on past, present, and future mathematics in order to prepare leaders
who are knowledgeable about their ancestors' cultures and can use mathematical modeling
(Luneta, 2021). This culturally significant system was utilized as a starting point for the learning
process, presented to students through an animated video.

Furthermore, animated videos were selected as the instructional medium because they
combine visual and auditory elements, enabling dynamic and interactive engagement with
students (Feeley et al., 2023). Research has demonstrated that animated videos enhance learning
outcomes, increase student engagement and interest, and stimulate creativity during the
educational process (Ridha et al., 2022; Songkhro et al., 2022). By leveraging this approach, the
study integrates cultural context and innovative technology to create an engaging and effective
learning environment.

Previous studies have explored statistical learning designs using RME in various
contexts, such as traditional markets (Sari & Nursyahidah, 2022) and sports (Uyen et al., 2021).
These studies demonstrated that contextual approaches improve students' conceptual
understanding and learning outcomes. In addition, pranata mangsa has been explore as a context
in learning modulo (Prahmana et al., 2021) and has not been used in mathematics learning
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practices. The novelty of the present study lies in its integration of technology through animated
videos, ethnomathematics, and RME—collectively termed the TE-RME approach. This
innovative framework is applied within the unique context of the pranata mangsa, a traditional
Javanese calendar system, which has not been previously utilized in statistical learning.

Building on this background, the study focuses on designing statistical learning for
eighth-grade students using the pranata mangsa as the contextual foundation. The learning
design follows a Hypothetical Learning Trajectory (HLT) model, supported by animated video
media and guided by the principles of the TE-RME approach. The primary objective of this
research is to develop a learning trajectory that simplifies the process of understanding statistics
for students while enhancing their engagement and contextual relevance.

2. METHOD

The research employs a design research methodology, which focuses on developing
and refining learning strategies and instructional materials to address complex educational
challenges while contributing to the theoretical understanding of these strategies and
materials (Van den Akker et al., 2006). This approach is characterized by several key
elements, including its interventionist nature, process orientation, reflective components,
cyclical design, and strong theoretical grounding (Van den Akker et al., 2012).

Design research typically unfolds in three distinct phases: preparation for the
experiment, which involves identifying problems and establishing a theoretical framework;
designing the experiment, where the instructional materials and strategies are implemented
and tested; and retrospective analysis, which involves analyzing and refining the results to
enhance understanding and improve future practices (Gravemeijer & Cobb, 2006). This
structured methodology ensures both practical relevance and theoretical rigor in addressing
educational challenges.

2.1. Preparing for the Experiment

The preparation stage focuses on developing a HLT, which is refined and elaborated
during the experiment's implementation. The HLT comprises three main components:
activities, objectives, and anticipated student responses to the designed activities. It serves
as a foundational guide and the primary focus of the research.

To create the HLT, the researcher conducted a comprehensive literature review on
statistical materials, Ethnomathematics, RME, educational technology such as animated
videos, and statistical content for eighth-grade students. This review informed the
development of an initial instructional theory and the design of an initial learning trajectory
to guide the subsequent experiment phases.

2.2. Design Experiment

The design experiment stage consists of two phases: the pilot experiment and the
teaching experiment. In the Pilot Experiment phase, the initial learning design was piloted
in an authentic classroom setting to evaluate the instructional theory and test the feasibility
of the learning trajectory. A total of 32 eighth-grade students from Class VIII B participated
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in this phase. The pilot experiment provided valuable feedback, which was used to improve
the learning design and refine the HLT. Furthermore, in the Teaching Experiment phase, the
revised learning trajectory was implemented in a real classroom setting during the teaching
experiment phase. This phase involved another group of 32 eighth-grade students from Class
VIII F and was conducted with the support of a model teacher.

This research was carried out in a junior high school in Semarang during the
2024/2025 academic year. Data collection focused on students' strategies for completing
three designed activities. Research instruments included classroom observation sheets, field
notes, student activity sheets, and interviews with both students and teachers. The
instruments were validated by lecturers and mathematics educators.

The data collected—comprising students’ strategies and difficulties in problem-
solving—was used to refine the HLT. Techniques employed for data collection included
focus group observations, video recordings, and document analysis.

2.3. Retrospective Analysis

In the retrospective analysis stage, the data collected during the design experiment
was meticulously examined by comparing the initial conjectures outlined in the HLT with
the actual implementation of the learning trajectory. This comparison aimed to assess how
well the designed activities aligned with students' responses and learning progress.
Additionally, students' strategies for solving problems and the difficulties they encountered
were thoroughly analyzed to identify patterns and areas for improvement. The analysis
provided critical insights into the effectiveness of the instructional design and its alignment
with the intended learning outcomes. Finally, research questions were addressed by
evaluating the consistency between students' anticipated responses (as conjectured in the
HLT) and their actual outcomes observed during the teaching experiments. This process
allowed for a deeper understanding of the learning process and informed refinements to the
instructional theory and learning design.

3. RESULTS AND DISCUSSION
3.1. Results

The findings of this study present a detailed description of the learning trajectory for
statistical material, developed using the context of pranata mangsa and supported by
animated video technology. The results are organized into three distinct stages, as follow.

3.1.1. Preparing for the Experiment

At this stage, the researcher implements the initial idea of integrating the pranata
mangsa systems as a context for teaching statistics. The season structure was selected
because it effectively represents real-world data suitable for statistical learning.
Additionally, the twelve seasons in the system have varying numbers of days, providing an
intriguing and meaningful dataset for statistical exploration.

The subsequent step involves developing the HLT, which serves as a conceptual
framework and roadmap for the learning process. To create the HLT, the researcher
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undertakes the following actions: (1) Literature Review: Examines existing studies and
theories on statistical education, Ethnomathematics, and RME; (2) Observations: Collects
contextual insights into the application of the season structure in statistical learning; (3)
Design of Learning Trajectories: Plans and sequences the activities to align with the
educational objectives; and (4) Curriculum Review: Evaluates the curriculum to identify
appropriate learning materials, objectives, and expected outcomes for eighth-grade statistical
education.

The HLT developed for this study comprises three main activities, as summarized in
Table 1, which outlines the activities, objectives, and anticipated student responses. These
activities form the foundation of the instructional approach, guiding students through a
meaningful and contextually relevant exploration of statistical concepts.

Table 1. HLT statistics material

Activity Goals Conjectures
Observing the context  To collect and present data - Students can collect and present
video of pranata data
mangsa - Students can solve contextual

problems related to data
collection and presentation

Determining the size To find the formulas of - Students can find the formulas of
of the data center mean, medians, and modes mean, medians, and modes
- Students can solve contextual

problems related to averages,
medians, and modes

Determining the size To find the formula for - Students can find the formula for
of the data distribution range, quartile, quartile range, quartile, quartile range, and
range, and quartile quartile divergence
divergence - Students can solve contextual

problems related to range,
quartile, quartile range, and
quartile deviation

3.1.2. Design Experiment

The learning activities in this stage are divided into three tasks aligned with the HLT
for statistical material. The first activity focuses on observing the pranata mangsa context
and involves data collection and presentation.

Activity 1. Observing video of pranata mangsa context to collect and present data

Students are divided into eight groups, each consisting of four members, to
encourage collaboration and discussion during the activity. Furthermore, the teacher begins
by showing a video about the pranata mangsa, which explains the definition, description,
and historical background of the seasonal system. Students attentively observe the video to
extract key information as shown in Figure 1.
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Figure 1. Students observe a video of the pranata mangsa

After observing the video, students are tasked with collecting data related to the
seasons in the pranata mangsa, including the names of the seasons and the number of days
in each in the students’ worksheet. More details can be seen in Figure 2.

» %

ACTIVITY 1
OBSERVING PRANATA MANGSA VIDEO

Please watch the pranata mangsa video.

After watching the video, solve the problems based on the

video provided.

1. Please identify the seasons in pranata mangsa then write
the name in the column below.

Figure 2. Activity 1 in the students’ worksheet

Moreover, their responses are summarized in Figure 3, which lists the twelve seasons
along with their respective time spans.
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Hitunglah

sctiap musim dalam satu tahun menurut Pranoto Mangsa?

dalam pembagian lebih rinci, terdapat berapa musim dan berapa rentang waktu

Monqso Kasa: 22 Jun — 1 Bqus\-us ™MANQ Famoiv: 3 Folb 29
Moangsa kFaro: 2 Agustus - 29 AqQustus  Manq so kasanga: \mori— 25 mgrtt
Mangsa kedrga: 25 Agst — T Sepr tanqa CaseRILh: e 26 mrt— \g Apr
Morgsa Fapot: (§ Sept - 12 okto Mangsa dheste: (g ppr — 1 mei

tMargxza elima: (3 gkfo - ¥ 'vou

Marngsa gapite: 22 pes — 2 feb

Mangsa Sadho - 2 ey = 214N

Mangsa legnem: Q9 Nou — 21 Deg
Translate:
Calculate in more detail how many seasons there are and how long the span of each season in a year of Pranata mangsa structure is.
Mangsa Kasa : 22 June - 1August 1 Mangsa Kapitu : 22 December — 2 February
Mangsa Karo : 2 August - 24 August Mangsa Kamolu : 3 February - 28 February
Mangsa ketiga : 25 August — 17 September Mangsa Kasanga : 1 March — 25 March
Mangsa Kapat : 18 September - 12 October Mangsa Kasepuluh : 26 March - 18 April
Mangsa Kelima : 13 October - 8 November Mangsa Dhesta : 19 April - 11 May

Mangsa Kanem :

9 November — 21 December Mangsa Sadha : 12 May — 21 June

Figure 3. Student answers regarding data collection

Using the collected data, students are then instructed to present their findings in a
table to organize the information clearly and make it more comprehensible. An example of

their output is shown in Figure 4.

Nowa  Masien R— Translate:
Season Name Time Range
Mongsa o o i .- Mangsa 1 22 June - 1 August
Mamgsa karo 2 hgustus - 24 dgushw Mangsa 2 2 August - 24 August
Mangsa kahga 25 Agusts - 17 Segtember Mangsa 3 25 August - 17 September
Mangsn  kagt ® Septeriper — 12 Oklober Mangsa 4 18 September - 12 October
Mangsa kalima B oWdber - B Vodember Mangsa 5 13 October — 8 November
Mang s C— I Mangsa 6 9 November - 21 December
Mangga Fogint s it el Mangsa 7 22 December - 2 February
Masgen Eocsdio 3 junid - B8 pubei Mangsa 8 3 February - 28 February
T T— Fasonga | ek = e Rl Mangsa 9 1 March - 25 March
Masasa ¥ocepidn | 26 Mot - 18 Apd Mangsa 10 26 March - 18 April
Marngsa Ahesto 9 Al — 0 Me Mangsa 11 19 April - 11 May
Mangsa Sodva 1z Me — 21 juni Mangsa 12 12 May - 21 June

Figure 4. Student's answer related to data presentation

Figure 1 shows the students activity in observing learning video of pranata mangsa
to identify data given. Figure 3 explain that students successfully gathered data related to the
pranata mangsa, identifying time intervals for each season and the corresponding days.
Furthermore, Figure 4 shows the students also demonstrated their ability to present data in a
structured tabular format, facilitating easier analysis and understanding of the seasonal
patterns. This method is supported by the following interview excerpt with the student.

Research
Student
Researcher

Student
Researcher
Student

: How did you determine how many seasons in pranata mangsa?

2 1 learned it from the video context given by the teacher

: How did you calculate how long the span of each season in a year of pranata
mangsa?

: By observing and identifying seasons in video of pranata mangsa

: How did your present data collect?

: I make it into table with two columns, first column is season name and the second
column is for time range.
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The interview confirms that students successfully identify, collect, and present data
using the pranata mangsa context into table. Finally, this activity establishes a foundation
for statistical learning by providing students with real-world data in a culturally relevant
context, promoting engagement and practical understanding of data collection and
presentation.

Activity 2. Determining the size of the data center

This activity began with students grouped according to their previous arrangements.
The teacher introduced the topic by showing a video explaining seasonal structures,
highlighting the number of days in each season. Students were tasked with calculating the
total number of days across six seasons and then dividing this total by six to determine the
average number of days per season. The students' calculations are presented in Figure 5.

Mari kita belajar me: i rata- 2 .
) s Translate:
AFQ t15 T2 TS T+ ya kg3 +26 ts t2y 23 7 36% ] Let's learn to look for averages.
L : : How many days are there in total from all seasons?
Total hari tersebut menyatakan ®jumlah data”.
414+414+234+244+254+274+434+434+264+25+
2. Berapa banyaknya mangsa yang ada di pranata mangsa? 24 + 23 — 365
\1- } The total number of days states the "amount of data".
Banyakny g y “banyaknya data”. How many seasons are there in the pranata mangsa?
3. Tentukan hasil bagi dari total hari dengan t y di pranata Ada 12
berspa hasllcaliv The large number of seasons indicates a "lot of data."
36s ;42 . 30,4 / %0 \nasi - } Determing the total days' quotient by the season system's
number of seasons. How many days are there?
L,, PR 365:12 = 30,4 or day30
Dari informasi yang tclah kalian d belumnya, bagai oy Conclusion
umum untuk mendapatkan rata-rata (mean)? What is the general formula to get the mean from the
| Mean=__Bonpkoyn total vort information you have obtained before?
! bamaah\ﬁm mangsa - Mean = the number of days
——— the number of seasons

Figure 5. Students' answers are related to the mean

Figure 5 shows that students calculated the total number of days as follows: 41 + 41
+23+24+25+27+43+43+26+25+24+23=365. The total number of days represents
the amount of data, and the 12 seasons in the "pranata mangsa" system represent the number

of data points. Furthermore, the mean was calculated using the formula, mean =

total number of days 36

5 . .
= — = 30.4 days. Students were guided to generalize the formula for
number of seasons 12

. total number of data
calculating the mean as mean =

. Although some students struggled with

number of data points
generalization, the teacher assisted them in understanding and applying the mean formula
effectively. This method is supported by the following interview excerpt with the student.

Research : How did you determine the mean?

Student ;1 calculated the total number of days in pranata mangsa system. Then divided it with
the total seasons.

Researcher  : How many total numbers of days in pranata mangsa and how many season there?

Student 4l + 4L+ 23 +24+25+27 +43+43+26+ 25+ 24+ 23 =365 days and there

are 12 seasons. So, I divide % = 30.4 days.

The interview confirms that students successfully calculated the total number of days
and the seasons using pranata mangsa context. This calculation involved summing the
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number of days and seasons and dividing the number, demonstrating their ability to apply
theoretical knowledge to practical contexts.

Furthermore, the lesson progressed with students being tasked to identify the middle
value (median) during the twelve seasons. The students provided two distinct approaches to
this task. In the first method, students sorted the data based on the number of days in each
season, arranging the values from smallest to largest. Next, in the second method, students
organized the data sequentially, starting from the beginning of the seasons through to the
end. Despite these differing methods, the students successfully grasped the concept of the
median, demonstrating an understanding of how to locate the central value in a data set. The
outcomes of their work are illustrated in Figure 5. On the other hands, based on the students'
responses in Figure 6, it is also evident that they have comprehended the concept of the
median as the middle value of a data set once it is sorted. However, variations in their
answers emerged due to differing interpretations of the context provided by the pranata
mangsa.

One group of students interpreted the task as requiring the ordering of the number of
days for each season in the pranata mangsa system. Conversely, another group understood
it as requiring the ordering of the seasons chronologically, from season 1 to season 12. These
differing approaches led to distinct methods and results, reflecting how context influences
problem-solving strategies. This variation highlights the effectiveness of using the pranata
mangsa context in stimulating diverse thought processes and encouraging creative problem-
solving among students.

Dari pranoto mongso yang telah disajik belumnya, tuliskan masing-masing hari pada Dari pranoto mongso yang telah disajik b tuliskan masing-masing hari pada
semua mangsa wut dari yang paling kecil. semua mangsa wut dari yang paling kecil. e
29,93, 2, 24,25, 25 (96,27, 41,41 , 4%, 43 } Mangia 1 — Mang(a ia
| 4123, 24, 15-1?.45-45-26.25,14,15,4|
Apakah banyaknya data mongso yang disaji k ke dalam bil ganjil atau Apakah banyaknya data mongso yang disajikan termasuk ke dalam bilangan ganjil atau
genap? genap?
\
IQQJ‘QP I ;‘ ubangukngu hari 365 (ganjil ) I ))
Setelah mangsa tersebut diurutkan, berapakah nilai yang terletak di tengah-tengah? Setelah mangsa tersebut diurutkan, berapakah nilai yang terletak di tengah-tengah?
——— —
Median- nga _ 5l . 95.5% /joA\ Nilai tergoh dan seluruh Median = 265 . (82,5 = 83 poqi ke-(83 termasuk manqm udan (& |
. L = MmoNgso yaity 28,5 . N T i
Bagai caramu data yang berada pada posisi tengah dari sekumpulan data Bagai caramu data yang berada pada posisi tengah dari sekumpulan data
tcmru( tersebut? terurut tersebut?
engon  mengurutkan ata dari G\ Sampq, Data diututéan dari awal mangsa fentucan il tengannya dengan membagi dua
ke - terbesar Fanudion mencari doka yang adil di bagian Witung jumlah data Selan ¥eremu, Kentukan mangfanya
Translate:
The season structure data that has been presented season, written ~ The season structure data that has been presented season, written
each day on all seasons in order from the smallest. each day on all seasons in order from the smallest.
23,23,24,24,25,25,26,27,41, 41,43, 43 season 1 to season 12
Does the amount of season data present fall into odd or even 41,23,24,25,27,43,43, 26, 25,24,23,41
numbers? Does the amount of season data present fall into odd or even
Complete numbers?
Once the season is sorted, what value lies in the middle? Number of days 365 (odd)
Median = 2226 = 255 Once the season is sorted, what value lies in the middle?
. . 365
How do you determme which data season is in the middle of the ~Median or (rainy season) = —= = 182,5183
ordered data set? How do you determine which data season is in the middle of the
Sorting the data from the smallest to the largest and then looking  ordered data set?
for the data in the middle. Data sorted from smallest

Count the amount of data
Determine the middle value by dividing by 2
Once found, determine the season

Figure 6. Student answers related to the median
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This approach is supported by the following interview excerpt with student 1 and
student 2 as follows.

Research : How did you determine the median?

Student 1 : Firstly, I write the day for each season data from the smallest, namely 23, 23, 24, 24,
25,25, 26,27, 41, 41, 43, 43

Researcher  : Does the amount of season data present fall into odd or even number?

Student 1 . even number

Researcher  : why it should be even number?

Student 1 : because there are 12 seasons

Researcher  : So, how did you determine the median?

Student 1 : Sorting the data from the smallest to the largest and then looking for the data in the
middle. Because there are 12 data, even, so [ find the middle data is the average
from data 6 and 7, that is (25+26)/2=25.5.

Research : How did you determine the median?

Student 2 : Firstly, I write the day from season I to 12, that s
41,23,24,25,27,43,43,26,25,24,23,41

Researcher  : So, do you mean that the smallest to the largest data is season 1, 2, to 12?

Student 2 : Yes Mam.

Researcher  : Does the amount of season data present fall into odd or even number?

Student 2 . because the total number of days in pranata mangsa is 365, so it is odd number

Researcher  : So, how did you determine the median?

Student 2 : Sorting the data season from the smallest (season 1) to the largest (season 12), then

1 count the amount of data, that is 365 days, determine the middle value by dividing
by 2, so I get 365/2=182.5183, then determine the season on that day.

The interview confirms that students successfully determine the median using the

pranata mangsa, although they have different strategies. This calculation involved ordering
numbers, summing the numbers, and dividing the numbers, demonstrating their ability to
apply theoretical knowledge to practical contexts and using it to solve given problems.
Subsequently, students were instructed to explore the concept of the mode by
identifying the season with the most days. Two distinct versions of student responses
emerged. In the first version, students identified the mode based on the most frequently
occurring number of days in each season. Furthermore, in the second version, students
determined the mode by calculating the total number of days across all seasons and
identifying the season with the highest total. Finally, these variations in approaches
demonstrate different interpretations of the mode concept within the context of the pranata
mangsa. The students' answers illustrating these methods are presented in Figure 7.
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Selanjutnya ada modus. Modus merupakan nilai yang sering muncul dari suatu kumpulan Translate:

nlm“ sttt Next, there is a mode. Mode is a value that often

P pranoto 880, mongso apakah yang menjadi modus? appears from a data set. Pay attention to the
calendar of the season system; what season is the

Mengapa demikian?
23@?, 2924, 3¢, 2¢, 26, 27, 4] U, 43,42 mode?
mogus : %43 2f u3 Why is that?
5 ;
- : karany sering Muncgy| Mode = 23,24,25,41,43

Because it often appears

Perhatikan kembali kalender pranoto mongso, mongso apakah yang menjadi modus? Translate:
Mengapa demikian? Look back at the pranata mangsa calendar; which
season is the mode?

Eﬂ%@ Modus : mO\ﬂSSO‘ udown korenor ’k;é\ haty Mode = rainy season because the total days in the
Sodo ManISH udoih gd(?\ 8C9 H\“\ rainy season are 86 days

3 ]
. J

Figure 7. Student answers related to the mode

This approach is supported by the following interview excerpt with student 1.

Research : How did you determine the mode?

Student : Firstly, I write the day for each season data from pranata mangsa context, namely
23, 23, 24, 24, 25, 25, 26, 27, 41, 41, 43, 43, then I determine the mode from the
value that often appears, namely 23, 24, 25, 41, 43.

In addition, the interview excerpt with student 2 is follows.

Research : How did you determine the mode?

Student : Firstly, I calculate the number of the days for each season in pranata mangsa, and
the rainy season is the season with the most days, namely 86 days, so, the mode is
the rainy season, 86 days.

The interview confirms that students successfully determine the mode using the
pranata mangsa, although they have different strategies. This calculation involved
comparing numbers, summing the numbers, demonstrating their ability to apply theoretical
knowledge to practical contexts, and using it to solve given problems and make decisions.

Figure 5 demonstrates the students’ work in determine the mean based on the pranata
mangsa context. Figure 6 shows the students could determine the median using pranata
mangsa context with a different strategy. Figure 7 demonstrates that the student could find
the mode also in different strategy. It can be concluded that students successfully identified
and understood the concepts of mean, median, and mode within the context of pranata
mangsa. The activity revealed multiple versions of students' responses, reflecting diverse
interpretations and approaches to solving the problems as shown in Figures 6 and 7.

The use of the pranata mangsa context proved to be an effective strategy, as it
stimulated students' creativity and encouraged them to explore various methods for
discovering and solving mathematical problems. This contextual approach not only
enhanced their comprehension of statistical concepts but also fostered critical thinking and
problem-solving skills.
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Activity 3. Determining the size of the data distribution

Like the previous activity, the teacher introduced the concept of data distribution by
presenting a video about the pranata mangsa system, students were instructed to determine
the maximum and minimum values of the data to understand the concept of range. The
results of the students’ analyses are displayed in Figure 8.

Menentukan Jangkauan
1. Tuliskan banyaknya hari dari masing-masing mangsa.

oS« 4ihon );m o kapty * mon M W\km 2Akori
\v o Koy cazkeci . M P Obedip « 23 voxi
‘“"“"“1“ 1abhor N\n w-m 45‘N~ l\\ wwsorﬁu aﬂo Mo 0 Sodto < 41 boc
2. Tentukan selisih hari paling banyak dengan hari paling sedikit.
Mou}:o Konee - \ooqs Dhesto
=23

Sehs:.h telsebu[ selanjutnya disebut sebagai jangkauan.

Translate:

Determining Range

1. Write down the number of days for each season
- Mangsa kasa =41 days - Mangsa kapitu = 43 days
- Mangsa karo =23 days - Mangsa kawolu = 26 days
- Mangsa katiga =24 days - Mangsa kasanga = 25 days
- Mangsa kapat =25 days - Mangsa kasepuluh =24 days
- Mangsa kalima =27 days - Mangsa dhesta =23 days

3. Berdasarkan hasil tersebut, apa yang Saudara ketahui tentang jangkauan?

_'Sw:)umn 0308l Colisi dilai e c(Max) don Oilad ereeil (anin)

Kesimpulan

Dari informasi yang telah Saudara dapatkan sebelumnya, bagaimana rumus

- Mangsa kanem = 43 days - Mangsa sadha = 41 days

2. Determine the difference between the most days and the
fewest days
mangsa kanem — mangsa dhesta =43 — 23 =20
This difference is referred to as range

3. Based on these results, what do you know about range?
Conclusion

umum untuk mendapatkan jangkauan?

Jangkauan = Nl tecbesar - IMVod ettt

From the information you have previously obtained, what is
the general formula for getting a range?
Range = largest value — smallest value

Figure 8. Student answers related to range

Next, students were instructed to organize the data in ascending order. Building upon
their understanding of the median concept introduced in Activity 2, they divided the dataset
into two groups to identify the middle quartile. The first group comprised data values smaller
than the median, while the second group included values larger than the median. Students
were then tasked with calculating the median of each group to conceptualize the lower and
upper quartiles. The students’ responses are presented in Figure 9.

Menentukan Kuartil Translate:
Determining Quartiles
1. Dari pranata mangsa yang telah disajikan sebelumnya, urutkan banyak hari pada 1. From the pranata mangsa system that has

masing-masing mangsa dari yang terkecil ke terbesar. been presented previously, sort the number of

days in each season from the smallest to the
largest.
2%,14,34,35,25,26,21,41,41,43 43
Abide b 23,23,24,24,25,25,26,27,41,41, 43,43
2. Determine the median/middle quartile/Q2

from the sorted data

o (25+26) _
Maion= (25426} . 5\, 25,5 Median > = =255
1 1

3. After finding the medlan, the median value
will divide the data into two equal groups.
Next, determine the median of each group.
Group 1. Data on the number of pranata
mangsa whose size is smaller than the median

[}

. Tentukan median/kuartil tengah/Q2 dari data yang telah diurutkan tersebut.

3. Setelah ditemukan median, maka nilai median akan membagi data menjadi dua kelompok yang
sama. Selanjutnya tentukan median dari masing-masing kelompok tersebut.

Kelompok 1. Data banyak hari pada mangsa yang ukurannya lebih kecil dari nilai median (Q2)

) value (Q2)
an.d 16,18
23,23[24,24)15,2 23,23, 24,24, 25,25
Median/kuartil bawah/Q1 :M%lj = “T& =24 Median/lower quartl]e/Ql 24+2_4 8 =24

2
Group 2. Data on the number of days in

Kelompok 2. Data banyak hari pada mangsa yang ukurannya lebih besar daxi nilai median (Q2) L.
pranata mangsa whose size is larger than the

26,1 [ALA43, 43

median value (Q2)
Median/kuartil atas/Q3 = ———*L\HA\ s %l = A 26,27, 41, 41, 43,43 41+41 _ 82
= Median/upper quartile/Q3 = == 41

Figure 9. Student answers related to quartiles
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In the subsequent activity, students explored the concept of the quartile range.
Building on their prior understanding of the range and quartile concepts from the previous
activity, they combined these ideas to derive the quartile range. The students’ responses,
illustrating their comprehension and calculations, are shown in Figure 10.

Menentukan Jangkauan Kuartil Translate.
1. Berdasarkan hasil kuartil tersebut, lengkapilah nilai-nilai berikut. Determining Quartile Range
Q1 =24 1. Based on the quartile results, complete the
Q2=123%5 following values.
3 —4\ .
Q3= Q1 = lower quartile (24)
2. Sebagaimana konsep jangkauan pada materi jangkauan yang sudah dipelajari sebelumnya, Q2 = middle qual:tlle (25,5)
tentukan jangkauan kuartil dari data tersebut. Q3 = upper quartile (41)

2. As the concept of range in the range material
that has been studied previously, determine the
quartile range of the data.

Q3-Q1=41-24=17

3. Based on the activity, what do you know about
quartile range?

The difference between the largest quartile
value and the smallest quartile value

4. Based on the quartile range material above,

Jangkauan kuartil = Q5 =R determine

[ Quartile range = Q3 — Q1

Q3-Qu-41-24
= (%

3. Berdasarkan aktivitas tersebut, apa yang Saudara ketahui tentang Jangkauan kuartil? Jelaskan.

SALSIW AMlad Wuoc kil @ERsae dan piled sacky Rekeail

4. Berdasarkan materi jangkauan kuartil di atas, tentukan

Figure 10. Students answer related to quartile range

Students were able to understand the concept of quartile deviation by dividing the
quartile range value by two. This calculation allowed them to quantify the dispersion of the
dataset around the median more precisely. The students' responses, demonstrating their
understanding and computations, are displayed in Figure 11.

Menentukan Simpangan Kuartil Translate:
1. Tentukan nilai simpangan kuartil dengan cara membagi dua jangkauan kuartil Detemining Quartile Deviation
| 1.Determine the quartile deviation value by
_1 L85 dividing the quartile range by two
2 17
— =285
2. Berdasarkan aktivitas tersebut, apa yang Saudara ketahui tentang simpangan kuartil? Jelaskan. 2

2.Based on the activity, what do you know about
quartile deviation? Explain.
Quartile deviation is half of the difference

Q3-Ql

Figure 11. Students' answers related to quartile deviations

SN‘(\)“T“ WUarki\ 0dalan SR dors S Qs dq @,

Figure 9 shows students’ work in the determined quartile. Figure 10 demonstrates
the students' answers in determined quartile reach. Figure 11 shows students’ work in
determined quartile deviation. It can be concluded that students successfully grasped the
concepts of range, quartiles, quartile range, and quartile deviation. This activity revealed the
context used could stimulate and help students in grasping the concept learned.

3.1.3. Retrospective Analysis

The HLT outlined in Table 1 serves as a framework for achieving the learning
objectives. It also functions as a tool to identify and address potential challenges that students
might encounter during the learning process. Moreover, the HLT was compared with the
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data collected to analyze how students comprehended and applied statistical concepts within
the context of pranata mangsa using TE-RME.

The outcomes of the students' responses aligned with the researcher's expectations.
From the first activity, students demonstrated their ability to collect and present data through
video observations related to the pranata mangsa system. Students were able to identify the
names of the seasons and the number of days in each season in pranata mangsa as shown in
Figure 3. Furthermore, students were also able to present the data in the form of a table as
shown in Figure 4. The students' abilities have also been demonstrated through interviews.
This shows that through activity 1 which was designed using the help of a pranata mangsa
context video with the aim of students being able to understand, identify, collect, and present
data correctly.

In the second activity, students could understand the concept of data centralization
measures. They could determine the mean, median, and mode. Even students could come up
with various interpretations of problem-solving strategies and solutions using the context of
pranata mangsa system in determining the median. Students were able to find the mean
through the pranata mangsa context by recording the number of days in each season and
dividing it by the number of seasons as shown in Figure 4. Students were able to find the
concept of the median with various strategies that emerged through various interpretations
of the pranata mangsa context as shown in Figure 5. Furthermore, students were able to find
the concept of mode through the pranata mangsa context by finding the largest number of
days as shown in Figure 6. From this activity 2, the objectives designed by the researcher in
HLT can be achieved.

Lastly, in the third activity, students could grasp the idea of data distribution
measures. They could determine the range, quartile, quartile range, and quartile deviation
using pranata mangsa context. Students were able to determine the range by finding the
difference between the largest and smallest number of days of the pranata mangsa as shown
in Figure 8. Students determine the quartile by determining the median of the data on the
number of days for each season in the pranata mangsa as Q2, then determining Q1 and Q2
as shown in Figure 9. Students were also able to find the quartile range by finding the
difference between Q3 and Q1 as described in Figure 10. Students were then able to find the
quartile deviation which is half of the quartile range as shown in Figure 11. From this activity
3, it can be seen that the objectives designed in HLT can be achieved.

Based on activities 1, 2, and 3, it is clear that students can comprehend statistical
content within the context of pranata mangsa by studying with TE-RME. The utilization of
context and technology can inspire students to be motivated and learn the subject more
simply, enjoyably, and meaningfully, as well as promote problem-solving skills with diverse
strategies through various interpretations of the pranata mangsa context. The three activities
were designed in HLT run in by actual learning and can achieve the expected learning
objectives, as well as offer insights on the range of student responses that emerge as a result
of the context intervention and the new TE-RME approach applied.
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3.2. Discussion

TE-RME is instrumental in facilitating students' comprehension of statistical
material with greater enthusiasm and deeper understanding. The integration of technology,
particularly through the use of animated videos, plays a crucial role in this approach.
Animated videos are effective tools for helping students visualize abstract statistical
concepts by connecting them to concrete and familiar contexts, such as the pranata mangsa
system. This aligns with Timotheou et al. (2023), who found that videos engage students
more effectively than traditional teaching methods by providing visual stimulation, making
complex concepts more accessible and relatable. Additionally, Uchima-Marin et al. (2024)
emphasized that videos enhance engagement and foster a collaborative learning
environment, catering to diverse learning preferences and improving overall learning
outcomes, as also noted by Haleem et al. (2022). Moreover, using animated video could
improve critical thinking ability (Pratiwi et al., 2022).

Using ethnomathematics as a contextual framework, such as the pranata mangsa
system (Nursyahidah et al., 2024; Prahmana et al., 2021), provides a culturally relevant
approach to teaching statistics. This method contextualizes mathematical concepts within
students' cultural experiences, enhancing their understanding and engagement while
fostering an appreciation for diverse mathematical practices (Nursyahidah & Albab, 2021;
Prahmana & D'Ambrosio, 2020). Imswatama and Lukman (2018) demonstrated that
culturally relevant contexts lead to improved learning outcomes by enabling deeper
understanding. Similarly, Rosa and Orey (2023) found that integrating ethnomathematics
into instruction enhances students' mathematical skills and fosters higher-order thinking
abilities. Moreover, using ethnomathematics could emergence of mathematical knowledge,
created the identification of specific mathematical concepts (Meeran et al., 2024).

Realistic Mathematics Education complements this approach by making
mathematical concepts more accessible and relevant to students' daily lives. RME promotes
student engagement and understanding, as highlighted by Nursyahidah and Albab (2021)
and Putri et al. (2021), who noted its positive impact on problem-solving skills. Moreover,
Andzin et al. (2024) and Hardiyanto et al. (2024) emphasized that RME-based learning
improves conceptual comprehension, making statistical concepts easier to grasp.

Furthermore, the learning process includes a series of structured activities designed
to enhance students' statistical understanding. Each activity begins with a contextual video,
such as one depicting the pranata mangsa system, to spark student interest and provide a
foundation for learning. These videos help students collect and present data effectively, as
demonstrated in this study. Yakubova et al. (2020) found that contextual videos increase
students' learning interest, while Wirth and Greefrath (2024) observed that such videos
enhance critical thinking skills and encourage diverse responses. In addition, learning video
can improve students motivation and concept understanding (Nursyahidah et al., 2023) and
also enriched learning experience, enhancing students' comprehension of concepts and their
ability to solve contextual problems effectively (Nursyahidah et al., 2025).

In addition, students collaborate in groups to discuss students worksheets with
guidance from their teacher. This interaction promotes the exchange of ideas and helps
students navigate challenging concepts. Sofroniou and Poutos (2016) reported that group
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learning improves critical thinking and analytical skills, while Knopika and Oszwab (2021)
highlighted its role in fostering competitiveness and reducing anxiety.

The final stage involves solving real-world statistical problems, leveraging the
meaningfulness of RME. Students actively engage in the learning process, applying concepts
to practical situations. Silva et al. (2022) found that RME makes learning more relevant and
meaningful, while Van den Heuvel-Panhuizen (2020) demonstrated its effectiveness in
improving critical thinking and problem-solving skills.

Finally, the integration of Technology, Ethnomathematics, and RME offers a
comprehensive approach to teaching statistics. By combining technology, cultural contexts,
and realistic scenarios, this methodology not only enhances students' conceptual
understanding but also fosters critical thinking, engagement, and the ability to apply
knowledge to real-world problems. These findings are supported by prior research, affirming
the effectiveness of TE-RME, an innovative pedagogical approach.

4. CONCLUSION

This study has successfully developed a learning trajectory for statistical material
using the context of pranata mangsa through the TE-RME approach. The trajectory
integrates contextual videos to enhance students' conceptual understanding of statistical
topics. The learning trajectory comprises three well-structured activities, such as observing
videos of pranata mangsa to collect and present data, deriving formulas for measuring the
data center, and deriving formulas for measuring data dispersion. These activities guide
students progressively in understanding statistical concepts while fostering meaningful
connections between mathematics and local cultural wisdom. The findings affirm the
potential of integrating local wisdom with technology-enhanced learning approaches to
improve the teaching and learning of statistical material.

Despite its promising results, this study has certain limitations. First, the scope of
implementation was limited to a specific cultural context, namely pranata mangsa, which
might not be universally applicable or relatable to students in other regions. Second, the
study primarily focuses on conceptual understanding and does not comprehensively evaluate
other aspects of learning, such as problem-solving skills or collaborative competencies.
Additionally, the sample size and duration of the intervention were limited, which may affect
the generalizability and long-term applicability of the findings. Addressing these limitations
in future studies could provide a more holistic understanding of the approach's effectiveness.

Building on these findings, future research should explore the integration of other
culturally relevant contexts to develop diverse learning trajectories that accommodate varied
cultural and regional backgrounds. Expanding the scope of the TE-RME approach to other
mathematical topics and conducting long-term studies with larger and more diverse
populations would also enhance the robustness of this educational model. Further, the use of
advanced technological tools, such as interactive simulations or augmented reality, could
provide deeper engagement and improve the scalability of context-based learning. By
embracing such advancements, researchers and educators can continue to enrich
mathematics education through innovative, culturally grounded, and technology-integrated
pedagogical strategies.
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