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Abstract

Mathematics learning is associated with 21st-century skills such as communication, collaboration, critical
thinking in problem-solving, creativity, and innovation. To help students obtain these skills, a learning project
was developed through Pendidikan Matematika Realistik Indonesia (PMRI) approach by using fruit salad recipes
and collaborative learning based on the Lesson Study for Learning Community (LSLC) system. The primary
purpose of this study was to develop fruit salad recipes to assist junior high school students in solving problems
using mean, social arithmetic, and data presentation. It employed design research type validation studies using
photos, fruit salad products, and document reviews as data collection techniques. The research subjects were 27
students of grade 8 from a junior high school in Palembang. This study resulted in a learning trajectory consisting
of two activities and post-test questions. In the first activity, the students can analyze and solve problems in
planning fruit salad recipes with material averaging, social arithmetic, and data presentation. In the second
activity, the students can make fruit salads and write recipes based on skills to make fruit salad products. The
results of this study demonstrate that in project-based learning through PMRI with the context of fruit salad
recipes and the LSLC system, students can learn collaboratively. The learning helps them solve problems by
using average material, social arithmetic, and data presentation in developing fruit salad recipes.
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Abstrak

Pembelajaran matematika dikaitkan dengan keterampilan abad 21 seperti komunikasi, kolaborasi, berpikir Kkritis
dalam pemecahan masalah, kreativitas, dan inovasi. Untuk membantu siswa memperoleh keterampilan tersebut,
dikembangkan suatu proyek pembelajaran melalui pendekatan Pendidikan Matematika Realistik Indonesia
(PMRI) dengan menggunakan resep salad buah dan pembelajaran kolaboratif berbasis Lesson Study for Learning
Community (LSLC). Tujuan utama penelitian ini adalah mengembangkan resep salad buah untuk membantu
siswa SMP dalam memecahkan masalah menggunakan mean, aritmatika sosial, dan penyajian data. Penelitian
ini menggunakan metode penelitian desain tipe studi validasi dengan menggunakan foto, produk salad buah, dan
telaah dokumen sebagai teknik pengumpulan data. Subjek penelitian adalah 27 siswa kelas 8 SMP di Palembang.
Penelitian ini menghasilkan learning trajectory yang terdiri dari dua kegiatan dan soal post-test. Pada kegiatan
pertama, siswa dapat menganalisis dan memecahkan masalah perencanaan resep rujak buah dengan materi rata-
rata, aritmatika sosial, dan penyajian data. Pada kegiatan kedua, siswa dapat membuat salad buah dan menulis
resep berdasarkan ketrampilan membuat produk salad buah. Hasil penelitian ini menunjukkan bahwa dalam
pembelajaran berbasis proyek melalui PMRI dengan konteks resep salad buah dan LSLC, siswa dapat belajar
secara kolaboratif. Pembelajaran ini membantu mereka memecahkan masalah dengan menggunakan materi rata-
rata, aritmatika sosial, dan penyajian data dalam menyusun resep salad buah.

Kata kunci: Resep Salad Buah, Pembelajaran Berbasis Proyek, LSLC, Penelitian Disain
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The 21st-century skills are essential for students to face global challenges. To survive in the society and
work, it is not enough for students to only have the core abilities known as 3M, which include reading,
writing, and counting (Sulistyaningsih et al., 2019). Increasing knowledge and skills should be one of
important objectives in the 21st century so that educators create a learning environment in the form of

a classroom environment that helps students develop not only knowledge but also skills.
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The 21st-century life skills consist of critical thinking, creative, communicative, problem-
solving, and literacy skills needed by Indonesian people (Suryandari et al., 2018). In line with that,
Wakhidah (2012) argues that the 21st-century skills people need to have include critical thinking skills,
problem-solving skills, creative thinking skills, decision-making skills, and reflective reading and
writing skills as well as communication skills both oral and written. Furthermore, Adams (2014) stated
that one of the challenges faced by educators is to create a learning environment in the form of a
classroom environment that helps students develop the skills they are looking for, so that they can face
global challenges.

Mathematics learning guides students in achieving the 21st or 4C century skills, including
communication, collaboration, critical thinking, problem-solving, creativity, and innovation (Putri &
Zulkardi, 2018). The application of the 4C concept for the nation's next-generation has a major impact
on the learning of the 2013 curriculum (Sugiyarti, Arif, & Mursalin, 2018). In facing the challenges of
21st-century, there are 4 aspects that 21st-century skills must have for students, including ways of
working, ways of thinking, tools for working, and skills to live in the world (Binkley et al., 2012).
Communication and Collaboration require students to be in an environment which allows them to
communicate, work together, and carry out their responsibilities (Octriana, Putri, & Nurjannah, 2019).
It is expected that students learn from each other in groups and are responsibility for the assignment
given. The communication and collaboration strategies can be applied through a learning system called
the Lesson Study for Learning Community (LSLC). It’s a learning system that is very close to
collaboration and learning communities (Rahmanti, Hobri, & Oktavianingtyas, 2018). The
characteristics of lesson study for the learning community used are collaborative learning and caring
communities. LSLC is the first learning system in Japan (Darra & Kanellopoulou, 2019).

Learning is not only about obtaining knowledge but also about creating new knowledge
communicatively and collaboratively when facing complex problems. This requires interdisciplinary
and innovative knowledge (Iwamoto, Hargis, & Vuong, 2016), by the 21st century skills, namely ways
of thinking. Acquiring the ways of thinking by producing work contextually, both individually and in
groups, can be done through a project-based learning model (Fisher, Kusumah, & Dahlan, 2020).
Furthermore, Thomas (2000) argues that project-based learning is an effective learning model for
teaching students in complex processes through procedures such as planning, decision-making, and
creativity so that good problem-solving is obtained. One learning model that can increase students’
activity and motivation is the Project-Based Learning (PjBL) model (Muwahiddah, Asikin, & Mariani,
2018). PjBL in Indonesia can be said to be the operationalization of the concept of "Production-Based
Education" developed in schools that must be able to equip students with the "competency standards"
needed to work in their respective fields (Sumarni, 2015).

Project-based learning creates a project that is suitable for everyday life so that students experience
first-hand meaningful learning and skills for living in the world. So, a student-centered learning approach is

needed based on the demands of the current world, including the 21st-century skills students must have
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(Rafianti, Anriani, & Iskandar, 2018). This project learning requires students to work extensively over a long
period of time to provide authentic and realistic products (Eickholt et al., 2019). The right approach is the
Indonesian Realistic Mathematics Education (PMRI). The Indonesian Realistic Mathematics Education
(PMRI) approach is an innovation in learning mathematics in Indonesia (Putri, Dolk, & Zulkardi, 2015).
One of the characteristics of PMRI that is used as a starting point for learning is the use of context
(Nursyahidah, Putri, & Somakim, 2013; Nasution, Putri, & Zulkardi, 2018).

WHO stated that countries could stop the spread of the virus by implementing strong measures
to detect, among others, isolate and treat cases, promote commensurate and implement physical
distancing. lIsolating and social distancing must be accompanied with the adoption of a healthy and
clean lifestyle (Peduli hidup bersih dan sehat) for the community (Karo, 2020). One of the factors of a
clean and healthy lifestyle is maintaining health and immunity so that this virus does not hit the human
body. Furthermore, consuming balanced and safe nutritional food such as vegetables and fruits can
increase our immune system so as not to be infected by Covid-19 (Akbar & Aidha, 2020; Amalia, Irwan,
& Hiola, 2020). Therefore, it would be interesting to integrate healthy and clean lifestyle activities into
teaching and learning, especially in mathematics learning.

Various types of processed fruits are available, one of which is Fruit Salad. Students making a
fruit salad recipe project learn about mathematical knowledge and make nutritious food independently
to increase immunity, which helps the current pandemic. Hence, the research question addressed is how
the learning project uses fruit salad recipes using mean material, social arithmetic, and data presentation

in junior high schools.

METHOD
Participants

This research employed Validation Study which produces a learning trajectory from the learning design
project of the fruit salad recipes. There were 3 stages carried out, namely preliminary design, design experiment,
and retrospective analysis (Akker et al., 2006; Gravemeijer, 2004; Prahmana, 2017). This is similar to the LSLC
learning system, which consists of 3 stages, namely, plan, do, and see (Masaaki, 2012; Haris & Putri, 2011).

The preliminary design of the research examines the literature on junior high school mathematics
curriculum, the learning model which is PjBL, and approaches of PMRI and Learning system of LSLC. The
researchers and mathematics teachers collaborated to make learning design project through LSLC and PMRI
using the context of fruit salad recipes at junior high schools to improve the quality of learning (Rusiyanti,
Zulkardi, & Putri, 2020). The design experiment consisted of two stages; the first was pilot experiment, which
was carried out in small groups consisting of 8 students in different classes, namely class 8.9 which was divided
into 2 groups with different levels of ability. In this stage, a trial of the learning design that has been made was
carried out and if there was a revision, the second was teaching experiment to evaluate the learning process
based on the learning objectives, namely how the learning project used fruit salad recipes by using mean

material, social arithmetic, and data presentation in junior high schools in collaborative learning. Finally, the
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data were analyzed in the retrospective analysis stage.

The instruments used in the research were developed collaboratively with the teachers because the
teachers know the students' abilities, social norms at school, and what materials the students have studied.
In the experimental design stage, the first pilot experiment was carried out to test whether this instrument
was valid for 8th grade students or there were deficiencies or additional revisions from the results of this
stage. Then, in the second stage, the teaching experiment was carried out by the subject of this study to
determine whether the instrument provided was in accordance with the objective of this study.

This research was conducted at Junior High School 19 Palembang with 27 students of 8 grade. The
subjects were selected based on the consideration that the students have studied these materials. Data
collection in this study included interviews with mathematics teachers in the preliminary design stage;
second, observations were done in the research class in the pilot experiment and teaching experiment
stages. Observations were done to identify the learning situation in the classroom. Finally, the results of

all the activities in this study are presented in the form of figures.

Project-Based Learning

This learning follows the project-based learning model, consisting of (1) first observation and
interviews, (2) studying relevant literature, (3) preparing instruments, (4) implementing project-based
learning, (5) answering basic questions, (6) designing learning products, (7) discussion of schedules,
(8) implementation and monitoring, (9) examination of results, and (10) evaluation (Ummah, In'am, &
Azmi, 2019). Besides, observation and interviews, the study of related literature will be discussed in
the preparation of instruments with grade 8 teachers, discussing what materials have been studied to
create project learning activities. Mahanal et al. (2010) stated that PjBL is learning designed for complex
problems where students carry out investigations to understand them, emphasizing learning with long-
duration activities; assignments given to students are multidisciplinary and product-oriented (artifacts).
Hence, the context fits the larger learning objectives with various materials being taught (Grossman et
al., 2019) so that the materials chosen are multidisciplinary, namely Mean, Social Arithmetic, and data
of Presentation previously studied. The products are based on real everyday life in accordance with one
of the characteristics of PMRI (Zulkardi, 2002). Meanwhile, a starting point for understanding in
learning called context (Haris & Putri, 2011; Fauziah et al., 2019; Risdiyanti et al., 2019). Thus, the
resulting product is fruit salad recipes, consisting of schedule determination and learning tools for
making fruit salad.

Activities in learning are discussions on planning and making fruit salad recipes by providing complex
basic questions. The final fruit salad recipes produced from this learning project are helpful, especially in
dealing with real-world problems (Chandrasekaran et al., 2012), such as handling Covid-19 by maintaining
the people's immune system. Finally, analyzing existing data such as student answer sheets, fruit salad

products, and photos in the learning process is needed to answer the research question.
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RESULTS AND DISCUSSION

Results and discussion of project learning used the context of fruit salad recipes by applying the
steps of the PjBL learning model, the PMRI approach, and collaborative learning. Learning activities
were done by the 27 students following the steps of the design research method in this study.

The researchers with grade 8 mathematics teachers consisted of Mrs. Mery Johan, M.Si and Mrs.
Isrimawarni, S.Pd. Together, we made a fruit salad recipe learning project in grade 8 because the
teachers know the condition and abilities of the students. Furthermore, they explored what learning
materials the students have learned. Therefore, they are appropriate in designing learning instruments
that will be implemented based on the first stage of preliminary design in design research.

The second stage of the design experiment was divided into two. The first, the pilot experiment
stage, this stage is conducting a small group trial consisting of 8 students in different classes from the
research subject by dividing into 2 groups with heterogeneous abilities (2 high abilities, 2 low
proficiency, 4 medium ability). The researchers acted as model teachers who carried out the learning
process. This stage was aimed to test the designs that have been made, find out whether they are in
accordance with the learning process, and revise the learning design to be carried out in the next stage.
Second, the teaching experiment stage was carried out by the research subjects in class 8.6.

The teacher of the project learning model was Mrs. Mery Johan, M.Si. In the learning process,
apperception was carried out for £ 7 minutes; the students were seated in "U" form (Masaaki, 2012).
The teacher distributed Students' Activity Sheet (SAS) to students by collaborating with groups of 3-4
people with a level of ability, in solving problems in SAS, namely making a fruit salad recipe with 2
stages of activity; the first was the planning stage and the second stage was the implementation of
making fruit salad and the evaluation stage according to the steps of the model Project-based Learning.
If there were students who did not understand, they asked their group mates for help by saying "Please
teach me", and the friends who were asked to teach must teach their group mates until they could do it.
Figure 1 shows that the teacher gave apperception to project learning. Next, the teacher divided groups
of students consisting of 3-4 students with different levels of ability, collaborating with each other to
learn together to solve activity problem 1 given, namely planning in making fruit salad recipes. Figure

1 shows 2 students collaborating between groups.

Figure 1. Apperception in the learning process
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When the students worked on activity 1, the teacher monitored them according to the stage of the
PJjBL learning model. The teacher may not intervene with the students. If there were questions from
students who did not understand, the students were asked to ask their peers so that collaboration between
groups occurred (Figure 2). After the learning was completed, the use of a project-based approach was
carried out in 2 stages with the first stage of helping students to become competent enough by

developing knowledge from an increased understanding of concepts and the second stage of the skills

needed to make products mdependently (Kokotsakl Menzies, & nggms 2016).

Figure 2. Students’ answer in the activity 1

The last stage, retrospective analysis was to reflect the existing research results, namely the
results of student answers, product presentations, and fruit salad products made. The results of the
students' answers which consist of 2 activities, namely activity 1, planning fruit salad stages and activity

2 skills in making fruit salad recipes are as follows.

Activity 1 in Student Answer Sheet (SAS) 1

The teacher distributed Activity 1 in Student Answer Sheet 1 (SAS), activity objectives 1 Student
can analyze and solve problems in planning making fruit salad recipes or the initial activity stages of
planning / designing projects based on the knowledge that students have previously learned, namely
averaging, social arithmetic and data presentation. In line with Pratama and Prastyaningrum (2016),
project-based learning aims to solve problems by promoting everyday activities to find new knowledge
related to the prerequisite knowledge. Then, students implement the prerequisite knowledge that is
obtained to solve problems of everyday life; one of which is making fruit salad. The teacher gave an
apperception about interesting learning, that they were going to make fruit salad. This required
understanding of materials that have been studied previously, namely social arithmetic, data
presentation, and averaging. Explaining the learning objectives by exploring previous knowledge and
maintaining health and increasing endurance, the student must consume nutritious foods, namely fruits.

The following is an example of a teacher's question to the students.
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"What are some nutritious foods?"
"The benefits of consuming nutritious food, one of which is the fruit?"
"Have you ever consumed a fruit salad?"

"What is the average formula?"

The following is an example of a question given in activity 1 can be seen in Figure 3.

Buatlah salad buch, berdasarkan ketentuan sebagai berikut : Make a fruit salad, according to the following
conditions;
Setiap Kelompok diberikan modal untuk membeli buah-buahan untuk salad buah (Use

of context) sebesar Rp. 50.000,00 dan membeli bahan saus sebesar Rp. 50.000,00 per- Each group is given a capital to buy fruits for a fruit
, o i ) salad of Rp. 50,000.00 and buy sauce ingredients
kelompok. Bagilah harga beli setiap anggota kelompokmu secara adil dalam membeli for Rp. 50,000.00 per group. Divide the purchase
bahan salad buah. price of each member of your group fairly when
buying fruit salad ingredients.

1. Berapa harga beli dalam : . o
1. What is the purchase price in:
sl i o s a. purchase of fruits for each member
b. purchase of fruit salad dressing ingredients for
b. membeli bahan saus salad buah untuk setiap anggota. each member.

Figure 3. Questions in SAS 1

Finally, the students answered questions based on the instructions given to SAS, along with the students'

answers in SAS 1.

1. What is the purchase price, buy fruits for each member and buy fruit salad dressing ingredients for
each member, based on the capital information that is determined to be (Rupiah) Rp. 50,000 for
sauce ingredients and Rp. 50,000 for fruit ingredients.

Student answer:

The first or second capital yield costs Rp. 50,000, combined or added to become 1, namely Rp.
100,000, so each member consists of 4 people, then get 100,000 / 4 = Rp. 25,000 then divided by 2
(2 fruit salad ingredients) to become Rp. 12,500 each member

Figure 4. Student’s answer to question humber 1 in SAS 1
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The students' answers are shown in Figure 4, as a sign that they can solve the question by

analyzing and solving problems using the average material and social arithmetic in the purchase price.

2. What is the purchase price of fruit salad ingredients for each member?
Student answers:

12.500x 2 = 25

[ s
115022
i (oot AN elal (20286000

The total capital of Rp. 12,500 multiplied by 2 (2 fruit
salad ingredients); the result is Rp. 25. 000

So, each member spent Rp. 12.500 for buying fruit
salad ingredients

Figure 5. Student’s answer to question number 2 in SAS 1

The students' answers are shown in Figure 5, by adding or multiplying the 2 results obtained from
question no.1 to Rp. 25,000 for each member. So, the problems were analyzed and solved by adding up

the purchase price of materials according to learning objectives.

3. Determining the price list of fruit salad ingredients in the table. The students were asked to list the
purchase price by presenting it in a table.

Student answers:

e o] _mmweem_[boe LY o T Name Unit__| Price (Rp)
! on |%. 260 amm Y.509:~ 1 Melon 250 g 4.500
[ y. 000, - 2 Avocado 250 g 4.500
2 |toon poteat | 2TO afa - 3 Orange 250 g 5.000
W ek | 360 Qe R 4 Watermelon | 250 g 3.500
e o gro’ . 590~ S Mayonnaise 500 g 13.000
y[oooh demorgy °S .. - 6 Milk 250 g 5.000
¢|vouonorta | sovOrom |30 i 7 One’s cup 400 MI 1.000
b JD.:S\) 0§V gra™ 1% £000: - Total 31.000
0
1| 1 cvp ,W—’F'QQ""‘
A Juan  # 31700071 | The rest of money Rp. 2.300
fisga g

Figure 6. Student’s answer to question number 3 in SAS 1

Students' answers are shown in Figure 6, as a sign that in solving question no. 3. the students
analyzed the purchase price list, calculated the unit weight, and presented the data in a table although
there were errors but in adding up the whole list it should be Rp. 36,000 then exceeding the given capital
limit of Rp. 33,300 with 3 members; the shortage is Rp. 2,700.
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4. How many SDM (Tablespoon) of dressing do you want based on the fruit salad making process?

Student answers:

/PQNOMO“ QU U& % k\ . 2 Mix sauce ingredients with a serving ratio of 4:2

Where are,

NMovana:
Yonoige \ Sendot tdean Mayonnaise 4 tablespoons
Sﬂg\); 9 S0m milk 2 tablespoons

Figure 7. Student’s answer to question number 4 in SAS 1

The students' answers are shown in Figure 7. The students developed the comparison without

leaving the existing provisions, namely 4: 2, an innovative and creative thinking.

5. Determine each ingredient weight of the fruit salad to fill 1 cup (400 MI).

Students’ answers:

Milk : 40 MI
N > e ! - Mayonnaise : 50 Ml
!\Xl\;)(ﬁnpg : 60 ml } el Melon : 100 M

Watermelon : 100 Ml

} 206 v ! Orange : 50 MI
Avocado : 50 Ml

‘\\Q\Qﬂ 00 |

QV.\“OI‘\OS\‘Q 1100 M

: 0 m)
Rwt . 3”)0 Wil =40 + 60 + 100 + 100 + 50 + 50

foXay LT0 my
=400 MI

Figure 8. Student’s answer to question number 5 in SAS 1

The student's answer is shown in Figure 8, with a variety of materials filled in; there are 40, 60,
50 to 100 Ml according to the wishes of each student based on their likes and dislikes of the materials
given. If the material is liked, then the student will calculate the weight than the weight the student did
not like but the bottom line should fill 1 cup (400 MI).

The last activity in learning was assessing and evaluating after the PjBL learning stages. The
results of the designs that have been made were presented by taking representatives from each group.
The teacher listened to the results of the students’ presentations and if there were different results, the
students may present the results. The teacher asked the students who presented them. Next, the learning
about planning in making recipes was evaluated based on knowledge of social arithmetic material, data

presentation, and averages. Furthermore, in the second day, the students brought utensils such as bowls,
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glasses and forks to make fruit salad and read information about the process of making fruit salad based
on the duration set by the teacher.

The second day of learning was the stage of implementing the product or making fruit salad
recipes. The teacher explained the previous lesson, namely designing recipes fruit salad based on the
guestions given in activity 1. Next, the teacher asked the students to make fruit salads and write recipes
for the activity. In the process of making fruit salad, the students worked in the previous group. The
teacher reminded the students to use the equipment brought and the duration for making fruit salad,

shown in Figure 9.

Figure 9. The second day of learning project

The teacher asked the students in the process of making fruit salad, participated actively, and
innovated in creating fruit salad recipes in accordance with the provisions given by the teacher.
According to Birgili (2015), in project-based learning, students are required to actively participate in
creating innovative solutions to problems through their daily life experiences.

The students collaborated together in the process of making fruit salad. The students compared
the making of fruit salad to the planning stage as the implementation stage at that time, as shown in

Figure 10.

Figure 10. Students make the products
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The students published their product work, namely fruit salad, to classmates to be presented and

assessed by the teacher. Figure 11 shows students displaying the product.

} Ny
4 4 . N\ R

-
LA TR

RELOPR)

Figure 11. Students display the products

The final stage was to assess the results of the products by presenting the results of their work,
namely fruit salad with the recipes that have been made. The teacher asked questions about the process

and product results. Figure 12 shows students presenting their work.

KL |
A7) =

Figure 12. Students present the results of the product

Activity 2 in SAS 2

In activity 2, the students were asked to make a fruit salad recipe. In accordance with Curtis
(2002), problems that must be resolved in the form of related questions will produce a summary report
or product. In this case, the recipe is written, which would be a report and presented. The results of
students' answers about fruit salad recipes are shown in Figure 13.
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Langron - ngon - Qutitton ied The steps for making a salad:
Qonon = Qemongko = \oo
Yeww < voo ! Ingredients:
Waop = 100 m'
woyprose = > O £4am! watermelon = 100 ML, Orange = 100 ML, Melon = 100 ML,
gy = \som /wom mayonnaise = 2 tablespoons or 60 ml, milk = 1 tablespoon or
MGk ~ TONORUK 7 woeem Loow) 40 ml. tools: bowl, spoon, measuring cup, cup 400 ML
Qencloe /
st Method of preparation:
carg ENEan
" OON
: ‘-g@““m%;fiig;“é’xf &Er?w do uskroni | 1. measure the fruit and sauce ingredients using a measuring

2. COQUT ONON L WENORVOSED cup, according to its size.
fowopoR. + OONE Dol WD, mix the sauce ingredients using a bowl, then stir until
3. CoMQUO¥ ¥ON Woh - midhan Sengon evenly distributed.
Lovon o Mix the fruits with the sauce ingredients,
U RAunoian menpgonan wodal 400 m\ serve using a 400 ML cup.
S. 4000 pop GMVOEEIN Salad is ready to eat.

b. (W Pabepion) i denon %WW
6.

N

akrow

WM Qokotnup Areok: odo how to make it according to plan even though there is no
Comron R 0 eeean 4100 wl avocado so that the citrus fruit becomes 100 ML

Figure 13. The results of the student's answers in SAS 2

The results of the students' answers in the planning stage of each material differed in weight based
on their likes and dislikes of the materials. However, they met 400 MI. Then, in the implementation
stage, there was a slight difference where the first orange of 50 Ml planning becomes 100 MI. Next, he
did not add avocado anymore because he already filled the container for the sauce ingredients he was
by the planning stage with the implementation not changing or adding them. From the whole way of
the manufacturing process, he wrote the recipe for the process of making fruit salad clearly, concisely,
and correctly based on the differences from the planning stage with the various material content
provided and the addition in the weight of the material in the manufacturing process, from the results
of students' answers, in the learning process to apply and integrate various existing concepts and
procedures while improving professional skills (Repko, Szostak, & Buchberger, 2017; Fauziah et al.,
2017). In line with the Buck Institute for Education (2002), Project-based learning helps students master
content and processes.

By analyzing and evaluating project learning against Learning Trajectory (LT), the results shown
in activity 1 and activity 2 are based on the principles and characteristics of the PMRI approach, the
characteristics of the Project-Based Learning model by collaborating with groups based on LSLC in
learning. From the results and previous discussions, there are several findings as follows.

First, the students understand the importance of a healthy lifestyle by consuming nutritious food;
one of which is fruit which is useful for maintaining and increasing endurance. The students can also
independently develop skills in activity 2 after planning fruit salad making in activity 1. nutritious fruit
salad recipes easily, healthy, and economically. Second, at the beginning of the meeting, the students

were less active in thinking for solving a problem by using the context. The students were also less used
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to collaborating in learning between their respective groups. Third, after entering the implementation
stage, the students were familiar with the project learning process so that it is not awkward to collaborate
with each other. Through collaboration students can solve real-world problems, and through learning
using the LSLC and PMRI systems (Kurniawan, Putri, & Suniarti, 2020; Putri, Gunawan, & Zulkardi,
2017), students can also develop critical skills that will help them prepare themselves for 21st century
skills to meet the challenges faced (Meyer, 2016).

Fourth, students further sharpen their understanding of concepts while increasing their ability to
apply knowledge as measured by standardized tests (Geier et al., 2008). Activity 1 is planning stage
where students are asked to calculate the capital price for each member, then the use of the concept of
the average is to divide the results of the amount of data by the total data (Harahap & Negoro, 2017), it
is necessary to collaborate with groups (LSLC) because each member will get the capital cost of making
fruit salad fairly. Likewise, in calculating the list of ingredients to be purchased to make fruit salad
using mathematics learning, namely the purchase price of social arithmetic, students can calculate the
total amount or financial calculations in buying fruit salad ingredients (Paramitha, 2017), as well as the
use of data presentation in table form. , students can not only read the results of the purchase price list
for fruit salad ingredients but other people can also easily read the purchase price list by using a table
by presenting data that is easy for others to understand (Hasan, 2016). The ability to understand
mathematical concepts carried out on and also students become proficient in transferring conceptual
ideas with various learning situations that occur (Chong et al., 2018; Brown & Campione, 1996;
Scardamalia & Bereiter, 1991). such as transferring conceptual ideas, among others, averaging, social
arithmetic, and presenting data in learning situations, namely making fruit salad recipes.

Project learning in previous research such as in Sari and Putri (2021) discussed the
"Entrepreneurship in a School Cooperative" project with a focus on the use of social arithmetic material
for school cooperatives and project learning. Furthermore, Meitrilova and Putri (2020) discussed the
"Saving Water” with a focus on data presentation material for calculations in saving water. Thus, the
researcher created a project learning trajectory by combining average material, social arithmetic, and
data presentation into a fruit salad recipe project. Therefore, the students not only understand knowledge
but also use it in everyday life such as making fruit salad recipes for themselves and the recipes can be

useful for others.

CONCLUSION

The project learning trajectory through averaging mean, social arithmetic, and data presentation
helps students not only in improving the materials, but also in the process of making fruit salad
collaboratively with the group through the use of context in PMRI and the LSLC system which worked
well in problem solving learning. The learning trajectory can be seen from 2 activities, namely the
planning, implementation and assessment stages of products collaboratively with the group according

to the LSLC system so that 21st century skills emerge, namely communication, collaboration, critical



194  Journal on Mathematics Education, Volume 12, No. 1, January 2021, pp. 181-198

thinking, problem solving, creative and innovation. Learning trajectory with disciplinary material in the
context of fruit salad becomes a starting point for project learning. The values include not only
knowledge in meaningful contexts, but also the process of making skills that are interesting and fun for

students based on the principles of PMRI characteristics.

ACKNOWLEDGMENTS

The research/publication of this article was funded by DIPA of Public Service Agency of
Universitas Sriwijaya 2020. SP DIPA-023. 17. 2. 677515 /2020, revision 01, On March 16, 2020. In
accordance with the Rector’s Decree Number: 0687/UN9/SK.BUK.KP/2020, On July 15, 2020, and her
students for participating in this research. As well as those who have helped the researchers in

developing the research and writing this article.

REFERENCES

Adams, S. (2014). The 10 skills employers most want in 2015 graduates.
http://lwww.forbes.com/sites/susanadams/2014/11/12/the-10-skills-employers-most-want-in-
2015-graduates/#1b30f31719f6

Akbar, D. M., & Aidha, Z. (2020). The behavior of implementing balanced nutrition in the city of
binjai during the Covid-19 pandemic in 2020 [In Bahasa]. Jurnal Menara Medika, 3(1), 15-21.
https://doi.org/10.31869/mm.v3i1.2193

Akker, J.V.D., Gravemeijer, K., McKenney, S., & Nieveen, N. (2006). Education Design Research.
London: Routledge Taylor and Francis Group.

Amalia, L., Irwan., & Hiola, F. (2020). Analysis of clinical symptoms and immune enhancement to
prevent Covid-19 disease [In Bahasa]. Jambura Journal of Health Science and Research, 2(2),
71-76. https://doi.org/10.35971/jjhsr.v2i2.6134

Binkley, M., Erstad, O., Herman, J., Raizen, S., Ripley, M., Ricci, M. M., & Rumble, M. (2012).
Defining Twenty-First Century Skills. London: Springer. https://doi.org//10.1007/978-94-007-
2324-5 2

Birgili, B. (2015). Creative and critical thinking skills in problem-based learning environments. Journal
of Gifted Education and Creativity, 2(2), 71-80. https://eric.ed.gov/?id=ED563985

Brown, A. L., & Campione, J. C. (1996). Psychological theory and the design of innovative learning
environments: On procedures, principles, and systems. In L. Schauble & R. Glaser (Eds.),
Innovation in learning: New environments for education, 289-335. Mahwah, NJ: Erlbaum.

Buck Institute for Education (BIE). (1999). Project-Based Learning.
http://www.bgsu.edu/organizations/etl/proj.html

Chandrasekaran, S, A Stojcevski, G Littlefair, & M Joordens. (2012). Learning through projects in
engineering education. In SEFI 2012: Engineering Education 2020: Meet the Future:
Proceedings of the 40th SEFI Annual Conference 2012, European Society for Engineering
Education (SEFI), Brussels, Belgium.

Chong, M. S. F., Shahrill, M., Putri, R. I. I., & Zulkardi. (2018). Teaching problem solving using non-
routine tasks. AIP Conference Proceedings, 1952, 020020. https://doi.org/10.1063/1.5031982


http://www.forbes.com/sites/susanadams/2014/11/12/the-10-skills-employers-most-want-in-2015-graduates/#1b30f31719f6
http://www.forbes.com/sites/susanadams/2014/11/12/the-10-skills-employers-most-want-in-2015-graduates/#1b30f31719f6
https://doi.org/10.31869/mm.v3i1.2193
https://doi.org/10.35971/jjhsr.v2i2.6134
https://doi.org/10.1007/978-94-007-2324-5_2
https://doi.org/10.1007/978-94-007-2324-5_2
https://eric.ed.gov/?id=ED563985
http://www.bgsu.edu/organizations/etl/proj.html
https://doi.org/10.1088/1742-6596/1657/1/012032
https://doi.org/10.1063/1.5031982

Rahayu & Putri, Project-based Mathematics Learning: Fruit Salad Recipes in Junior High School 195

Curtis, D. (2002). The power of project. Educational Leadership, 60(1), 50-53.

Darra, M., & Kanellopoulou, E. M. (2019). The implementation of the lesson study in basic teacher
education. A research  Review Higher  Education  Studies, 9(3), 65-78.
https://doi.org/10.5539/hes.von3p65

Eickholt, J., Jogiparti, V., Seeling, P., Hinton, Q., & Johnson, M. (2019). Supporting project-based
learning through economical and flexible learning spaces. Journal Education Sciences, 9(3). 1-
14. https://doi.org/10.3390/educsci9030212

Fisher, D., Kusumah, Y. S., & Dahlan, J. A. (2020). Project-based learning in mathematics: A literatur
review. Journal of Physics: Conference Series, 1657(2), 012032. https://doi.org//10.1088/1742-
6596/1657/1/012032

Geier, R., Blumenfeld, P. C.,, Marx R. W., Karjcik, J. S., Fishman, B., & Soloway, E. (2008).
Standardized test outcomes for students engaged in inquiry-based science curriculum in on text
of urban reform. Journal of Research in Science Teaching, 45(8), 922-939.
http://dx.doi.org/10.1002/tea.20248

Grossman, P., Dean, C. G. P., Kavanagh, S. & S., Herman, Z. (2019). Preparing teacher for project-
based learning. Journal Sagepub, 100(7), 43-48. https://doi.org/10.1177%2F0031721719841338

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

Fauziah, A., Putri, R. I. 1., Zulkardi, & Somakim. (2017). Primary school student teachers perception
to Pendidikan Matematika Realistik Indonesia (PMRI) instruction. Journal of Physics:
Conference Series, 943(1), 012044. https://doi.org//10.1088/1742-6596/943/1/012044

Fauziah, A., Putri R.1.1., Zulkardi, & Somakim. (2019). The Roster context in angle learning for primary
school preservice Teacher. Journal of Physics: Conference Series, 1188(1), 012058.
https://doi.org/10.1088/1742-6596/1188/1/012058

Harahap, B., & Negoro, ST. (2017). Encyclopedia of Mathematics ed. 3 [in bahasa]. Bogor: Ghalia
Indonesia.

Haris, D., & Putri, R.LL., (2011). The role of context in third grader’s learning of area measurement.
Journal Mathematics Education, 2(1), 55-66. https://doi.org/10.22342/jme.2.1.778.55-66

Hasan, M. . (2016). Fundamentals of Statistics Material. Jakarta: Bumi Aksara.

Iwamoto, D. H., Hargis, J., & Vuong, K. (2016) The effect of Project-Based Learning on student
performance: An action research study. International Journal for the Scholarship of Technology
Enhanced Learning, 1(1), 24-42. https://cdn.fs.teachablecdn.com/CcQpxRwPSs6yJyK7D6pP

Karo, M. B. (2020). Healthy and clean lifestyle (PHBS), a strategy to prevent the spread of thevirus
Covid-19. [In Bahasa]. Prosidir Seminar Nasional HARDIKNAS, 1-4.

Kurniawan, R., Putri, R. I. I, & Suniyarti. (2020). Mathematical Problem Solving for Class VIlII
Students Using PMRI through LSLC on Gradient Material [In Bahasa]. Jurnal Elemen, 6(2).
346-356. https://doi.org/10.29408/jel.v6i2.2214

Kokotsaki, D., Menzies, V., & Wiggins, A. (2016). Project-based learning: A review of the literature.
Improving Schools, 19(3), 267-277. https://doi.org/10.1177/1365480216659733


https://doi.org/10.5539/hes.v9n3p65
https://doi.org/10.3390/educsci9030212
https://doi.org/10.1088/1742-6596/1657/1/012032
https://doi.org/10.1088/1742-6596/1657/1/012032
http://dx.doi.org/10.1002/tea.20248
https://doi.org/10.1177%2F0031721719841338
https://doi.org/10.1207/s15327833mtl0602_3
https://doi.org/10.1088/1742-6596/1657/1/012032
https://doi.org/10.1088/1742-6596/943/1/012044
https://doi.org/10.1088/1742-6596/1188/1/012058
https://doi.org/10.22342/jme.2.1.778.55-66
https://cdn.fs.teachablecdn.com/CcQpxRwPSs6yJyK7D6pP
https://doi.org/10.29408/jel.v6i2.2214
https://doi.org/10.1177/1365480216659733

196  Journal on Mathematics Education, Volume 12, No. 1, January 2021, pp. 181-198

Masaaki, S. (2012). Dialogue and collaboration in junior high schools. practice "learning community"
third edition [In Bahasa]. Jakarta: Pelita.

Mahanal, S., Darmawan, E., Corebima, A. D., & Zubaidah, S. (2010). The influence of project based
learning (PjBL) learning on materials ecosystem on attitudes and learning outcomes of students
at senior high school number 2 malang [in bahasa]. Bioedukasi, 1(1).
http://dx.doi.org/10.24127/bioedukasi.v1i1.179

Meitrilova, A., & Putri, R. 1. I. (2020). Learning materials through saving water. Journal of Physics:
Conference Series, 1657(1), 012055. https://doi.org//10.1088/1742-6596/1657/1/012055

Meyer, K. (2016). Students’ perceptions of life skill development in project-based learning schools.
Journal of Educational Issues, 2(1). 91-114. http://dx.doi.org/10.5296/jei.v2i1.8933

Muwahiddah, U., Asikin, M., & Mariani, S. (2018). Ethnomathematic based project based learning
assisted with augmented reality to improve the ability to solve geometric problems. Seminar
Nasional Pendidikan Matematika Ahmad Dahlan 2018, 157-164. Yogyakarta: Ahmad Dahlan
University.

Nasution, M. F., Putri, R. I. I., & Zulkardi. (2018). Rowing sport in learning fractions of the fourth-
grade students. Journal on Mathematics Education, 9(1), 69-80.
https://doi.org/10.22342/jme.9.1.4270.69-80

Nursyahidah, F., Putri, R. I. 1., & Somakim. (2013). Supporting first grade students’ understanding of
addition up to 20 using traditional game. Journal on Mathematics Education, 4(2), 212-223.
https://doi.org/10.22342/jme.4.2.557.212-223

Octriana, 1., Putri, R. I. I., & Nurjannah. (2019). Students' mathematical reasoning in learning number
patterns using PMRI and LSLC [In Bahasa]. Jurnal Pendidikan Matematika, 13(2), 131-142.
https://doi.org/10.22342/jpm.13.2.6714.131-142

Paramitha, N. (2017). Analysis of creative thinking process in solving mathematical problems in high
able junior high school students' social arithmetic materials [in bahasa]. Journal of Educational
Partners, 1(10), 983-994.

Prahmana, R.C.1. (2017). Design Research (Teori dan Implementasinya: Suatu Pengantar) [Design
Research (Theory and Its Implementation: An Introduction)]. Depok: Rajawali Pers.

Pratama, H., & Prastyaningrum, I. (2016). Effect of project-based learning with Microhydro power
plants media on critical thinking skills. Jurnal Penelitian Fisika dan Aplikasinya, 6(2), 44-50.
http://dx.doi.org/10.26740/jpfa.v6n2.p44-50

Putri, R. I I., Dolk, M., & Zulkardi. (2015). Professional development of PMRI teachers for introducing
social norms. Journal on Mathematics Education, 6(1), 11-19.
https://doi.org/10.22342/jme.6.1.1900.11-19

Putri, R. I. 1., Gunawan, M. S., & Zulkardi. (2017). Addition of fraction in swimming context. Journal
of Physics: Conference Series, 943(1), 012035. https://doi.org/10.1088/1742-6596/943/1/012035

Putri, R. I. 1., & Zulkardi. (2018). Higher-order thinking skill problem on data representation in
primary school: A case study. Journal Physics: Conference Series, 948(1), 012056.
https://doi.org//10.1088/1742-6596/948/1/012056

Rafianti, I., Anriani, N., & Iskandar, K., (2018). Development of mathematics learning tools to support
21st century skills [In Bahasa]. Jurnal Pendidikan Matematika KALAMATIKA, 3(1), 123-128.
https://doi.org/10.22236/KALAMATIKA.v0l3n02.2018pp123-138


http://dx.doi.org/10.24127/bioedukasi.v1i1.179
https://doi.org/10.1088/1742-6596/1657/1/012055
http://dx.doi.org/10.5296/jei.v2i1.8933
https://doi.org/10.22342/jme.9.1.4270.69-80
https://doi.org/10.22342/jme.4.2.557.212-223
https://doi.org/10.22342/jpm.13.2.6714.131-142
http://dx.doi.org/10.26740/jpfa.v6n2.p44-50
https://doi.org/10.22342/jme.6.1.1900.11-19
https://doi.org/10.1088/1742-6596/943/1/012035
https://doi.org/10.1088/1742-6596/948/1/012056
https://doi.org/10.22236/KALAMATIKA.vol3no2.2018pp123-138

Rahayu & Putri, Project-based Mathematics Learning: Fruit Salad Recipes in Junior High School 197

Rahmanti, S. A., Hobri.,, & Oktavianingtyas, E. (2018). Analysis of the ability of mathematical
connections on the subject of statistics based on the lesson study for learning community.
Kadikma, 9(1), 41-51. https://doi.org/10.19184/kdma.v9i1.8022

Repko, A., R. Szostak, & M. Buchberger. (2017). Introduction to Interdisciplinary Studies. Los
Angeles: Sage

Risdiyanti, 1., Prahmana, R.C.l., & Shahrill, M. (2019). The learning trajectory of social arithmetic
using an Indonesian traditional game. Elementary Education Online, 18(4), 2094-2108.
https://doi.org/10.17051/ilkonline.2019.639439

Rusiyanti, R. H., Zulkari, Z., & Putri, R. I. 1. (2020). The 3P model with lesson study for learning
community (LSLC) in the professional development of mathematics teachers on three-
dimensional shape material. Journal Physics: Conference Series, 1663(1), 012026.
https://doi.org//10.1088/1742-6596/1663/1/012026

Sari, E. M., & Putri, R. I. I. (2021). Development of worksheets based project using the lesson study.
Infinity, 10(1), 41-52. https://doi.org/10.22460/infinity.v10il.p41-52.

Scardamalia, M., & Bereiter, C. (1991). Higher levels of agency for children in knowledge building: A
challenge for the design of new knowledge media. Journal of the Learning Scineces, 1(1). 37-68.
https://doi.org/10.1207/s15327809j1s0101_3

Sugiyarti, L., Arif, A., & Mursalin. (2018). 21st century learning in at Elementary School [In Bahasa].
Prosiding Seminar dan Diskusi Nasional Pendidikan Dasar 2018.

Sulistyaningsih, Sulam, K., Syakur, A., & Musyarofah, L. (2019). The implementation of 21 century
skills as the new learning paradigm to the result of student’s career and life skills. Journal
Magister Scientiae, 46, 228-237. https://doi.org/10.33508/mgs.v2i46.2229

Sumarni, W. (2015). The strengths and weaknesses of the implementation of project based learning: a
review. International Journal of Science and Research (IJSR), 4(3), 478-484.
https://www.ijsr.net/archive/v4i3/SUB152023.pdf

Suryandari, K. C., Sajidan, Rahardjo, S. B., Prasetyo, Z. K., & Fatimah, S. (2018). Project-based science
learning and pre-Service teachers’ science literacy skill and creative thinking. Jurnal Cakrawala
Pendidikan, 37(3), 345-355. https://doi.org/10.21831/cp.v38i3.17229

Thomas, J. (2000). A review of research  on project-based learning.
www.bobpearlman.org/BestPractices/PBL_Research.pdf

Ummah, S. K., In’am, A., & Azmi, R. D. (2019). Creating Manipulatives: Improving Students’
Creativity Through Project-Based Learning. Journal on Mathematics Education, 10(1), 96-102.
https://doi.org/10.22342/jme.10.1.5093.93-102

Wakhidah, N. (2012). Reading and writing skills to improve critical thinking and scientific literacy [In
Bahasa]. Seminar Nasional Prodi Pendidikan Sains S1 Unesa Tahun 2012. pp 74 — 84. Surabaya:
Universitas Islam Negeri Sunan Ampel.

Zulkardi. (2002). Developing a Learning Environment on Realistic Mathematics Education for
Indonesian Student Teachers. Thesis. Enschede: Twente University


https://doi.org/10.19184/kdma.v9i1.8022
https://doi.org/10.17051/ilkonline.2019.639439
https://doi.org/10.1088/1742-6596/1663/1/012026
https://doi.org/10.22460/infinity.v10i1.p41-52
https://doi.org/10.1207/s15327809jls0101_3
https://doi.org/10.33508/mgs.v2i46.2229
https://www.ijsr.net/archive/v4i3/SUB152023.pdf
https://doi.org/10.21831/cp.v38i3.17229
http://www.bobpearlman.org/BestPractices/PBL_Research.pdf
https://doi.org/10.22342/jme.10.1.5093.93-102

198  Journal on Mathematics Education, Volume 12, No. 1, January 2021, pp. 181-198



	Participants
	This research employed Validation Study which produces a learning trajectory from the learning design project of the fruit salad recipes. There were 3 stages carried out, namely preliminary design, design experiment, and retrospective analysis (Akker ...
	The preliminary design of the research examines the literature on junior high school mathematics curriculum, the learning model which is PjBL, and approaches of PMRI and Learning system of LSLC. The researchers and mathematics teachers collaborated to...
	The instruments used in the research were developed collaboratively with the teachers because the teachers know the students' abilities, social norms at school, and what materials the students have studied. In the experimental design stage, the first ...
	This research was conducted at Junior High School 19 Palembang with 27 students of 8 grade. The subjects were selected based on the consideration that the students have studied these materials. Data collection in this study included interviews with ma...
	Project-Based Learning
	Activity 1 in Student Answer Sheet (SAS) 1
	Activity 2 in SAS 2
	Scardamalia, M., & Bereiter, C. (1991).  Higher levels of agency for children in knowledge building: A challenge for the design of new knowledge media. Journal of the Learning Scineces, 1(1). 37-68. https://doi.org/10.1207/s15327809jls0101_3

