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Abstract

Sometimes our smartphone's internal storage is complete, and we must download an application that is very
necessary at that time; this is where numeracy plays a role in solving this problem, namely the way we
download the desired application with a complete smartphone's internal storage. This study aims to produce
valid and practical PISA-type questions and activities using a smartphone context and potentially effective on
students’ numeracy skills. This design research-type development study comprised a preliminary and formative
evaluation phase consisting of the design stage, self-evaluation stage, expert review stage, one-to-one stage,
and small group stage. This research used question grids, question cards, assessment rubrics, lesson plans,
PISA-type questions, and student activity sheets as its tools. This study was initiated owing to the insufficient
numeracy skills of Indonesian students. This study focuses on seventh-grade students at secondary school
number 59 Palembang, Indonesia. The qualitative findings of this research are based on field data collected
through walkthroughs, observations, tests, interviews, and document reviews. This research yielded PISA-type
questions and activities, namely four activity questions and six evaluation questions with smartphone context
that seventh graders may utilize to develop their numeracy abilities. In conclusion, PISA-type questions and
activities in the context of smartphones can be used in classroom learning to strengthen students' numeracy
skills.
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Abstrak

Terkadang penyimpanan internal smartphone kita penuh, dan kita harus mengunduh aplikasi yang sangat
diperlukan saat itu; disinilah berhitung berperan dalam menyelesaikan masalah tersebut yaitu cara kita
mendownload aplikasi yang diinginkan dengan penyimpanan internal smartphone yang lengkap. Penelitian ini
bertujuan untuk menghasilkan soal dan aktivitas berjenis PISA yang valid dan praktis dengan menggunakan
konteks smartphone dan memiliki efek potensial terhadap kemampuan numerasi siswa. Studi pengembangan
tipe penelitian desain ini terdiri dari tahap preliminary dan formative evaluation yang terdiri dari tahap desain,
self-evaluation, tahap expert review, tahap one-to-one, dan tahap small group. Penelitian ini menggunakan Kisi-
kisi soal, kartu soal, rubrik penilaian, RPP, soal-soal tipe PISA, dan lembar kegiatan siswa sebagai alatnya.
Penelitian ini dimulai karena kurangnya kemampuan numerasi siswa Indonesia. Penelitian ini berfokus pada
siswa SMP kelas tujuh di Palembang, Indonesia. Temuan kualitatif penelitian ini didasarkan pada data
lapangan yang dikumpulkan dalam bentuk walkthrough, observasi, tes, wawancara, dan telaah dokumen.
Penelitian ini menghasilkan soal tipe PISA dan aktivitas yaitu empat soal aktivitas dan enam soal evaluasi
dengan konteks smartphone yang dapat dimanfaatkan oleh siswa kelas VII untuk mengembangkan kemampuan
berhitungnya. Kesimpulannya, soal tipe PISA dan aktivitas dalam konteks smartphone dapat digunakan dalam
pembelajaran di kelas untuk menguatkan kemampuan numerasi siswa.
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How to Cite: Mouli, M. F., Zulkardi, & Putri, R. I. I. (2023). Development of PISA-type questions and activities
in a smartphone context. Jurnal Pendidikan Matematika, 17(1), 1-20.

©2023 Jurnal Pendidikan Matematika — Universitas Sriwijaya. This is an open access article under the CC-BY-
NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/).

Received November 8, 2022; Revised November 28, 2022; Accepted December 28, 2022


http://u.lipi.go.id/1180425602
http://u.lipi.go.id/1485741884
mailto:zulkardi@unsri.ac.id
https://creativecommons.org/licenses/by-nc-sa/4.0/

2 Jurnal Pendidikan Matematika, Volume 17, No. 1, January 2023, pp. 1-20

INTRODUCTION

Mathematical literacy is urgently needed in the 21% century. The school literacy movement was
launched in 2015 by the Ministry of Education and Culture to foster lifelong learners among students.
Mathematical literacy is the capacity to think mathematically and construct, apply, and interpret
mathematics to solve issues in real-world situations, encompassing ideas, facts, tools, and methods to
explain, describe, and forecast events (OECD, 2018; OECD, 2019a). Mathematical literacy is
essential in everyday life, understanding how to use mathematics is a crucial skill in dealing with an
ever-changing society (Jannah et al., 2019; Nusantara et al., 2021). Mathematical literacy is also
called numeracy and numeracy literacy (Kemendikbud, 2021).

The Program for International Student Assessment (PISA) is one of the systems used to
evaluate mathematics or numeracy literacy in different nations. Every three years, PISA, an
international initiative focusing on a country's education, assesses the performance of 15-year-olds in
mathematics, reading, and science. In 2015, Indonesia ranked 69th out of 72 nations, with an average
math literacy score of 386 (OECD, 2016), while in 2018, it ranked 74th out of 79 countries with a
score of 379 (OECD, 2019b). According to Sari's study (2021), only a few students received high
marks in solving numeracy issues. Only a few students met the indications of numeracy competence
to comprehend the analysis results. This is in line with a study conducted by Fitriyani et al. (2017),
which shows that Indonesia still has low mathematical literacy or basic numeracy skills.

Several factors contribute to Indonesian students' poor PISA performance, particularly in
mathematics. One is that students have low numeracy skills when solving PISA questions because
they are not accustomed to working on questions like PISA during the learning process (Maharani et
al., 2019). In addition, textbooks do not emphasize students' real-world problem-solving skills as
tested by PISA questions (Munayati et al., 2015). PISA-type questions should be utilized in classroom
learning activities to acquaint students with the required methods for solving PISA questions
(Maharani et al., 2019). Therefore, designing PISA-type questions and using them in classroom
learning activities is vital (Nusantara et al., 2021).

In learning mathematics, the development and design of PISA-type questions are critical
(Zulkardi, 2010). PISA-type questions used in the learning process should use context because one of
the characteristics of PISA is context-based PISA questions (OECD, 2018). Therefore, teachers must
design problems using the context of the students' environment in a way that is close to the students'
lives (Nusantara et al., 2021; Zulkardi & Putri, 2006). Learning in a context close to students, namely
learning with the Indonesian Realistic Mathematics Education approach (Wati et al., 2015). Questions
consisting of activities help students interact through collaboration and group discussions. Activities
support students' thinking processes and help them think more deeply. Students gain more knowledge
because they can discuss together rather than just read or listen (Achera et al., 2015). According to

Risnawati et al. (2016), activities on questions can provide students with learning experiences and
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develop metacognitive skills in unique ways, such as understanding problems, planning solutions,
implementing solutions, and interpreting results.

Prior research created the PISA-type questions about the propagation of COVID-19 (Nusantara
et al., 2021), the context of social distancing during a pandemic (Sistyawati et al., 2022), and the
context of the Asian Games (Putri & Zulkardi, 2020). However, PISA types and activities have yet to
be developed in the context of smartphones. Nowadays, not only adults but also children are familiar
with smartphones as sophisticated technologies and sources of information. The COVID-19 pandemic
has increased the use of digital technology, such as smartphones, laptops, and tablets. Smartphones,
among other things, are required for online learning. Children often use smartphones in their daily
lives. In using some smartphone features, it is necessary to understand numeracy, such as the
smartphone's internal storage, battery, alarm, and other applications. Some data on smartphones is
presented in the form of diagrams such as line charts, bar charts, and pie charts. Therefore,
smartphones are very closely related to numeracy. That way, developing PISA-type questions and
activities using the smartphone context can provide meaning for students in the learning process.
Consequently, this research aims to develop PISA-type questions and activities with a smartphone

context that may effect on students' numeracy abilities.

METHODS

This design study consists of two stages of development research: preliminary and formative
evaluation (Bakker, 2018; Zulkardi, 2006). In the first step of the preliminary evaluation, the
researcher analyzed the PISA framework using PISA items from 2000 to 2018 and developed the
2022 PISA criteria consisting of content, context, and cognitive capacity at the reasoning level. The
researcher then produced activity questions, PISA evaluation questions, grids, question cards, and
assessment guidelines. The second step is the curriculum analysis of the created PISA questions. The
analysis findings are then used to create the first draft of activity questions and evaluation questions,
along with ancillary instruments such as question grids, question cards, assessment rubrics, a list of
interview questions, and validation sheets.

This research was validated by Sriwijaya University mathematics education lecturers, Ph.D.
students, postgraduate students, and secondary school mathematics teachers during the expert review
or focus group discussion (FGD) phase. In addition, the researcher did one-to-one validation with
three students with low, medium, and high abilities who were not included in the study subject.
Before moving on to the small group stage, the comments and ideas from the expert review and one-
to-one stages are implemented as changes. In addition, the study proceeded to the small group stage
with nine students of the low, medium, and high abilities to evaluate the practicality of the questions.
Each student provides their replies in small groups. Each student group was assigned a research team

that served as observers. Ultimately, groups responded to the questions, allowing students to show
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their work. Concurrently, the model teacher interviewed the students to see how well they understood
the activity and evaluation questions. Before approaching the level of field testing, enhancements
were made during the stage of small-group testing.

The following stage was a field test in which 34 students in the same class from secondary
school number 59 Palembang participated. In carrying out the field test followed by students with
high, medium, and fewer abilities. In teaching advanced field tests, researchers collaborated with class
teacher Ade Silvia Utari, M.Pd., an extraordinary educator. The PBL concept is applied to classroom
activities for learning in this study. PISA-type questions and activities were presented as learning
material in the first meeting's field test. Evaluation questions were given to one class at the second
meeting of the field test. At this stage, trials were carried out on the subject of this study using valid
and practical PISA-type questions and activities. The field test aims to determine the possible impact
of the questions designed by assessing the results of students' answers using indicators of their
numeracy skills.

Then, while using the PBL model, the teacher gives students the required content prior to the
start of the activity. The PBL paradigm includes learning steps such as student orientation to issues,
student organization for learning, directing individual/group investigations, generating, and presenting
work, and assessing and evaluating problem-solving processes. In the student orientation part of the
topic, the model teacher transforms the problem into an activity students must do to pique their
attention. In addition, students are broken into groups of four to five and given a chance to ask
guestions concerning poorly understood problems. Students solve issues in groups, and the model
teacher monitors each group to see whether anybody has questions or is still unclear about problem-
solving. After each group has solved the issue and recorded their findings on the student activity
sheet, the model teacher invites each group member to present the discussion results to the class. In
the last stage, students examine and evaluate the problem-solving process by responding to other
groups' presentations. If mistakes exist, the model teacher will correct the findings of their talks.

The researcher used walkthroughs, observations, tests, interviews, and document reviews to
obtain data. The validity of the PISA-type questions and activities in the smartphone context was
reviewed using comments and ideas from expert reviews, FGDs, one-to-one, and document reviews.
During the small group stage, practicality is gained through observation, interviews, and document
reviews. Following up on this, the results of student answers (tests), observations, and interviews
during the field test phase revealed that PISA-type questions and activities could effect on students'

numeracy skills. The data obtained were described qualitatively.

RESULTS AND DISCUSSION

This research consisted of four activities and six evaluation questions based on PISA-type

guestions and activities in the context of smartphones. In this piece, however, we will address one
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activity related to smartphone internal storage and two evaluation questions related to phone storage

and alarms. This study focuses on content quantity.

Preliminary

During the preliminary stage, the researchers conducted classroom observations in a secondary
school in the city of Palembang to determine the selection of research subjects, timing, and flow of
teaching and learning activities, as well as to obtain the necessary permits as an administrative
requirement for conducting research in the schools in question. After that, analyze various PISA
guestions and activities and develop PISA-type questions and activities using the smartphone context.

Researcher visited the school, secondary school number 59 Palembang, directly. They then
identified students who played a role in data collection, such as implementing one-to-one and small
group instruction under the guidance of the teacher who taught the class. Three students with low,
medium, and high abilities were chosen for the one-to-one stage. Meanwhile, nine students with low,
moderate, and high abilities were chosen for the small group stage. This is intended to measure the
success of PISA-type questions and activities developed by researchers for each student with different
abilities based on the difficulty level of each student given the variety of student abilities.

The researcher then identified teaching materials based on the curriculum used at secondary
school number 59 Palembang as the subject of this research. The curriculum used is the Independent
Curriculum. In the Independent Curriculum, the material for arithmetic operations on integers is
taught on the topic of numbers in the first chapter. At this stage, evaluate the questions and activities
that have been made. Figure 1 depicts one of the PISA questions utilized as an example in the
preparation of this study: the 2012 PISA question.

MEMORY STICK Question 1: MEMORY STICK

A memory stick is a small, portable computer storage device. Ivan wants to transfer a photo album of 350 MB onto his memory stick, but there is
' not enough free space on the memory stick. While he does not want to delete any

, existing photos, he is happy to delete up to two music albums.
Ivan has a memory stick that stores music and photos. The memory stick has a
capacity of 1 GB (1000 MB). The graph below shows the current disk status of his Ivan’s memory stick has the following size music albums stored on it

memory stick. Album Size

Album 1 100 MB

Memory stick disk status Album 2 75 MB

Album 3 80 MB

Album 4 55 MB

W Music (B50 MB)} Album 5 60 MB

0 Phatos (196 MB) Album 6 80 MB

B Free space (152 MB) Album 7 75 MB

Album 8 125 MB

By deleting at most two music albums is it possible for Ivan to have enough space on
his memory stick to add the photo album? Circle “Yes® or “No™ and show calculations
to support your answer.

Figure 1. Original 2012 PISA questions with memory stick context

Figure 1 is a PISA problem with quantity content that describes a memory stick, a compact
portable computer storage device. The picture album will be copied to the memory stick. However,

there needs to be more free space, and only two music albums may be erased from the memory stick.
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In this case, the problem is whether there is enough free space on the memory stick after deleting at
most two music albums. Students are asked to answer Yes or No and show the calculation of the
answers that have been obtained. Many possible music albums can be deleted, so students can decide
which music album to delete. Students must reason in determining which music album should be
deleted, namely choosing the music album with the most significant size to avoid trying the many
possibilities available. In this problem, the concept of integer arithmetic operations is needed.
According to Fosnot & Dolk (2001), students with good number sensitivity can determine the most
practical and efficient strategy for solving problems with various alternative solutions. The researcher
will develop PISA-type questions using a smartphone context based on these questions.

Self-Evaluation

During the self-evaluation stage, developed PISA-type questions and activities with a quantity
content focus and smartphone context must be examined and evaluated by the researcher. According
to Zulkardi et al. (2020), content, construct, and language must be considered and reviewed when
developing questions and activities. Researchers will correct questions and activities if there are errors
such as typos, choosing the right words, and several sentences that must be completed. Researchers
tested two things, namely questions and activities, on students. Based on the self-evaluation results,

the researcher modified PISA-type questions and activities to create Prototype 1, as shown in Figure 2

SMARTPHONE INTERNAL STORAGE PHONE STORES
Dania has a smartphone with 32 GB of internal storage. = ‘ 2 ®
1 °?
Status Penyimpanan Internal Aplikasi | Ukuran (MB) 1 «
-I-'mdmlﬁ GB) Ruangguru 322 H
= Video (5 GB) -
Musik (3 GB) Goiek 396 ¢ « e
Dokumen (5 GB 500 MB) Zoom 268 Phone 13 128 &B Phone 13 Pro 128 6B Phone 13 Pro Max 128 GB
= Aplikasi (2 GB 300 MB) 474
~Ruang Kosong (200 MB) WhatsApp 474 Rp 15.199.000 Rp 18.699.000 Rp 20.199.000
Youtube 361
Ket: 1 GB = 1000 MB T 179 .
On a calculator. Mrs. Tia calculated the prices for the Phone 13 Pro Max, Phone 13 Pro, and

Phone 13.

Dania wants to download several applications on her smartphone with a size of 1 GB, but there He received a calculation of Rp. 38.898.000

is not enough free space on the smartphone. Dania only wants to delete at most two applications The calculation 1s wrong. Mrs. Tia made a mistake in adding the calculator. What mistake did
on the smartphone he make? Circle “Yes™ or “No™ for each option.
Discuss with a group to solve the following problems. Statement Is it true?
a. HNEJ; much space is there in the application storage on Dania's smartphone? Explain it. (In Mrs. Tia added one price twice YesNo
b. Could Dania have enough free space in her smartphone storage to download applications? Mrs. Tia forgot to enter one of the three prices Yes/No
How is it calculated? -
c. Is the free space of Dania's smartphone's internal storage after downloading the application 2:‘:5 d'l;:*‘ reduced one of the prices that should have been Yes/No

1
less than P of the internal storage of her smartphone? Explain it. Give your reasons in the following col

(@) (b)

ALARM
Every morning Danesya wakes up using the alarm on her smartphone because she has to get
ready to go to school. Here is what Gina does after waking up.

(%] p /1
h » - - h‘J *\1/_‘
< -0 -6

10 minutes 15 minutes 15 minutes 10 minutes 12 minutez 3 minutes
Pray Bath Dress Cleaning Breakfast  Check
room equipment
The journey time from home to school is about 20 minutes. Danesya always sets the alarm on
her smartphone for fear of not waking up.
a. Have you ever used an alarm? When do vou usually use the alarm? Explain it.
b. If Danesya goes to school at 07.00 WIB, how does Danesya determine the alarm that
should be set on her smartphone?
(©)

Figure 2. Prototype 1 of PISA-type questions and activities based on quantity content
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In Figure 2a, the researcher corrects the table on the problems in the activity because there are
too many applications, so they only choose applications that students often use. Initially, the
applications in the table contained the Ruangguru, iRecorder, Grab, Gojek, Shopee, YouTube,
Instagram, Candy Crush, CamScanner, Canva, and Al-Quran applications. The remaining applications
were Ruangguru, Gojek, Zoom, WhatsApp, YouTube, and Instagram. This is consistent with Zulkardi
and Putri (2006) assertion that teachers must create questions using contexts relevant to students'
lives. Furthermore, in Figure 2b, the researcher replaces the word "error™ in the table with “statement™
because the word “error” can be confusing when choosing right or wrong. Then in Figure 2c, the
researcher previously added an image of the alarm options to be set. Still, the researcher deleted it
because the picture did not solve the problem. Prototype 1, which incorporates self-evaluation-stage

enhancements, will proceed to the expert review and one-to-one stages.

Expert Review and One-to-One

After generating PISA-type questions and activities in Prototype 1, expert and one-to-one
validation was carried out to produce valid questions and activities regarding content, construct, and
language (Zulkardi et al., 2020). Regarding content, it is to see the suitability of questions and
activities within the PISA framework regarding the quantity of content, the material being tested, and
indicators of numeracy ability. In the construct aspect criterion, namely to establish the
appropriateness of PISA-type questions and activities with the ability level of seventh-grade students,
the features of the level of questions in the PISA framework, as well as things such as questions and
tables, are provided clearly, legally, and functionally. Moreover, in terms of language, to determine
whether words in the PISA-type questions and activities apply to The Enhanced Spelling of the
Indonesian Language (Indonesian: Ejaan Bahasa Indonesia yang Disempurnakan, EYD), the
sentences used are basic, straightforward, do not lead to various interpretations, and are
communicative. Following the expert review and FGD, the researcher also performed a one-to-one
review to examine comments and recommendations on the created questions and get student feedback
on the questions and activities for Prototype 1. Based on the expert review findings and one-to-one
interviews, the researcher modified questions and activities from Prototype 1 to generate Prototype 2

with valid questions and activities.
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Table 1. Commentary, suggestions, and alternative revisions

Validators Commentary and Suggestions Alternative Revisions

Experts 1. Add symbol descriptions and time 1. Adding symbol descriptions and
changes to the question of Activity 1. changing the time in the question

2. Correct the sentences on some of Activity 1.
guestions  according to  the 2. Correct the sentences on some
suggestions. guestions according to the

3. Add table information to question suggestions.

Activity 3. 3. Adding table information to

4. Add sources of information and question activity 3.
images as suggested. 4. Adding information sources and

5. Reconsider the level of the question. images as suggested.

6. All possible answers to the questions 5. Fix the question level.
of Activity 3 should be written in the 6. Write down all possible answers
scoring rubric. to the questions of Activity 3 in

7. Question (a) on evaluating the alarm the assessment rubric.
should be reconsidered. 7. The question on the evaluation of

8. In the Shopedia evaluation questions, the alarm is removed.
the PO information on order three 8. Deleting PO information on order
should be omitted because it will three on the Shopedia evaluation
affect students' answers. questions.

9. The fractional number — in a 9- Change the fractional number

. L 10 1/10 to 0.1 in a question of
guestion of Activity 3 should be o
changed to 0.1. ACt'Y'ty 3. .

10. Add the reasons for choosing two 10. Adding reasons for _choosmg tYVO
types of YouTube in a question of types Qf_ YouTube in a question
Activity 2. of Activity 2.

Students 1. Activity 2 adds the word "each" 1. Adding the word "each" to
because students think to count them activity question 2.
simultaneously. 2. Improve the sentence in the

2. Correct the sentence in the question question of Activity 4 because of

of Activity 4 because of the
difference in the question's meaning
between students and researchers.

the difference in the meaning of
the question between students
and researchers.

All comments and ideas from experts and students about developing PISA-type questions and
activities were positive, but further improvement is still needed, as shown in Table 1. Zulkardi et al.
(2020), it can be seen that there are three aspects to assessing qualitative validity. The first aspect is
the content, which contains the relationship between material for arithmetic operations on integers and
the smartphone context. The second aspect is assessing the difficulty level of the questions related to
the PISA 2022 framework. The third aspect is to load sentences with excellent and correct language

characteristics.
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Small Group

As depicted in Figure 3, prototype two was created due to the expert review and one-to-one
repairs to prototype one. Prototype 2 will be used in small groups.

PISA-type questions and activities for prototype two (as shown in Figure 3) were tested in three
small groups, each consisting of three students with different abilities. Students solve PISA-type
guestions and activities for 60 minutes collaboratively. Researchers have adopted a PBL model at the
learning in small groups stage, including steps such as orienting students to issues, arranging students
to learn, directing individual/group investigations, producing and presenting work, and assessing and
evaluating problem-solving processes (As'ari et al., 2017). Some students answered and understood

the meaning of the questions correctly, but others answered and misunderstood the meaning.

SMARTPHONE INTERNAL STORAGE PHONE STORES
Dania has a smartphone with 32 GB of internal storage. & o,
L
. I |
The following applications are | -
Interllal Storage State installed on his smartphone.

{U:-Elg g?) Application Size (MB) ohone 13 l . ; x ” &

})1:;?; E;Cg)@ S00M18) Ruangzum 322 one Phone 13 Pro 128 6B Phone 13 Pro Max 128 6B

e B0 ARy 4‘2‘*%'-61( 396 Rp 15.199.000 Rp 18.699.000 Rp 20.199.000

= Ruang Kosong (200 MB) Z.oom 268 Sumber: www.crafone.com

Ket: 1 GB = 1000 MB WhatsApp 474
Youtube 361 On a caleulator, Mrs. Tia calculated the total prices for the Phone 13 Pro Max. Phone 13 Pro.
Tnstagram 479 and Phone 13.
He received a calculation of Rp. 38,898,000.
Dania had to download an application with a size of 1 GB but not enough free space on her The calculation is wrong. Mrs. Tia made a mistake in adding the calculator. What mistake did
smartphone. Dania only wants to delete at most two applications on the smartphone. he make? Circle “Yes” or “No” for each option.
Discuss with a group to solve the following problems. Statement Is it true?
a. How much space is there in the application storage on Dania's smartphone? Explain it! (In Mrs. Tia added one price twice YesNo
b. Could Dania have ecnough free space in her smartphone storage to download applications? Mrs. Tia forgot to enter one of the three prices Yes/No
How is it calculated? . . Mrs. Tia reduced one of the prices that should have been Yes/N
c. Isthe free space of Dania's smartphone's internal storage after downloading the application added it. csiive
less than ﬁ of the internal storage of her smartphone? Explain it! Give your reasons in the following column.

ALARM
Every moming Danesya wakes up using the alarm on her smartphone because she has to get
ready to go to school. Here is what Danesya does after waking up.

PNy B

10 minutes 15 minutes 15 mlvwfes 10 minutes 12 minutes 3 minutes
Pray Bath Cleaning Breakfast  Check
room equipment

The journey time from home to school 1s about 20 minutes. Danesya always sets the alarm on
her smartphone for fear of not waking up.
If Danesya goes to school at 07.00 WIB., the alarm that should be set on Danesya's smartphone
is...
a. 05.40 WIB
b. 0538 WIB
c. 05.35WIB
d. 05.30 WIB

Figure 3. Prototype 2 of PISA-type questions and activities based on quantity content
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— R s —

SMARTPHONE INTERNAL STORAGE PHONE STORES

Dania has a smartphone with 32 GB of internal storage. .
o?
The following applications are
Internal Storage State installed on his smartphone.
=Foto (16 GB icati ize (M
‘ .\-‘;ilﬁ & GE)) Application Size (MB) J .
Musik (3 GB
D;:mfen(j Y 00 MB) R“é"?ﬁ:“ ;;é Phone 13 128 68 Phone 13 Pro 128 68 Phone 13 Pro Max 128 68
= Aplikasi (2 GB 300 MB ojel
lkra;g;éisnng(;lﬂﬂ,\fgj m 268 Rp 15.199.000 Rp 18.699.000 Rp 20.199.000
Ket: 1 GB = 1000 MB WhatsApp 474
Yol'lmbe 361 Slll]]bel': \\’\-\’\\’.El'ﬂfbllf.ﬂﬂln
I 479

On a calculator, Mrs. Tia calculated the total prices for the Phone 13 Pro Max. Phone 13 Pro,
and Phone 13.

Discuss with a group to solve the following problems.
. He received a calculation of Rp. 38,898,000.

a. How much space is there in the application storage on Dania's smartphone? Explain it! (In

MB) The calculation is wrong. Mrs. Tia made a mistake in adding the calculator. What mistake did
he make? Circle “Yes” or “No” for cach option.

"Dania has to download an application with a size of 1 GB, but there is not enough free space No Statement Is it true?

on her smartphone. Dania only wanis to delete at most two applications on the smartphone.” 1 | Mrs. Tia added one price twice Yes/No

b. Could Dania have enough free space in her smartphone storage to download applications? 2 | Mrs. Tia forgot to enter one of the three prices Yes/No
How is it calculated? 3 | Mrs. Tia pressed the minus (-) button on one of the prices that Yes/N

c. Isthe free space of Dania's smartphone's internal storage after downloading the application should have pressed the plus (+) button. e
less than 0,1 of the internal storage of her smartphone? Explain it! Give your reasons in the following column.

(@) (b)

B T p—

ALARM
Every morning Danesya wakes up using the alarm on her smartphone because she has to get
ready to go to school. Here is what Danesya does after waking up.

S & ~
e BT -8 .
<= [ & e
10 minutes 15 minutes 15 minutes 10 minutes 12 minutes 3 minutes
Pray Bath Dress  Cleaning  Breakfast  Check
room equipment

The journey time from home to school is about 20 minutes. Danesya always sets the alarm on
her smartphone for fear of not waking up (Note: Danesya does not wake up immediately when
the alarm sounds)

If Danesya goes to school at 07.00 WIB, the alarm that should be set on Danesya's smartphone
is ...

a. 05.40 WIB

b. 05.38 WIB

c. 0535WIB

d. 05.30WIB

(©

Figure 4. Prototype 3 of PISA-type questions and activities based on quantity content

Figures 4a, 4b, and 4c are the results of improvements after making observations at the small
group stage and conducting interviews with several students. In Figure 4a, the researcher made
improvements by moving the information sentence: "Dania has to download an application with a size
of 1 GB, but there is not enough free space on her smartphone. Dania only wants to delete at most two
applications on the smartphone.” after question part a. This was done because, in the small group
process, the researcher observed that some students misinterpreted the question partly because they
had thought too far after reading the sentence first. In Figure 4b, the researcher adds numbers to the
table because, based on the observation results, students are confused about giving reasons for which
statements are written in the column, and students only give reasons for one statement, which should
provide reasons for all statements. The researcher also corrected the sentence in Section 3 because it
had a double meaning, and the researcher conducted interviews with students to confirm this. In
Figure 4c, the researcher added information to the questions to facilitate student analysis. According
to NCTM (2000), mathematics standards for schools must contain content and process standards, with

process requirements covering problem-solving, understanding and proof, communication,
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connecting, and representation. This knowledge in question is analyzing information from the text in
mathematical form in solving problems (Sari et al., 2017). The researcher also confirmed this by
conducting interviews with students. The following are the outcomes of student interviews conducted

during the small group stage.

(R: Researcher; S: Student)

R: From your answer, why did you answer no to the first part?

S: If you add more, the result will be too much.

R: That is right. If the third part, why did you answer yes when you previously answered no?

S: At first, | thought that one plus one was reduced in price, ma'am.

R: This reduction means that the operation is less, right?

S: Yes, ma'am, less. Nevertheless, after | reread it turned out that my understanding was wrong,
so | changed it, ma‘am.

R: Okay. Well, what I meant was your initial understanding which you thought was wrong. If we
use a calculator, sometimes someone clicks the wrong button. What should have clicked on the
plus button instead clicked the minus button? Maybe you think reducing there is not included
in the price, right?

S: Yes, ma'am, the price was not included.

R: That means the sentence must be corrected. For example, the sentence is changed to Mrs. Tia
pressing the less button on one of the prices that should have pressed the plus button. What if it
was like that?

S: Yes, ma'am, it is more explicit like that, so | do not misinterpret the meaning of the question.

Based on the results of the interviews, it is evident that students misunderstood the question due
to the double meaning of the sentence in the question. Therefore, the researcher corrected the
sentences in the questions according to the interviews with these students.

The results of the students at this stage provide a variety of answers. From student answers,
observations, and interviews, researchers improved the questions and activities in the context of
smartphones so that they were declared practical. This is in line with Nusantara et al. (2021) and
Zulkardi (2002), which state that PISA-type questions can be practical if they meet the criteria,
including expert statements regarding problem development and students' ability to solve problems

using various strategies.

Field Test

Numeracy skills that appear at the field test stage in PISA-type questions and activities are

using various symbols or numbers related to basic mathematics to solve daily life problems (N1),
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analyzing information presented in multiple forms such as graphs, charts, and tables (N2), and
interpreting the results of the analysis to predict and make a decision (N3). Students' numeracy ability
is seen in the way they describe the steps in solving problems. This shows that students' numeracy

skills appear when working on questions.

: e endi ineai idi) .ﬂ WkeSi pailid $COLS ar [ws 300_MB) _t(zB 21000 mpg
Jird 168 aih oo m8,dan pomyimpangdn inlewdi bagn amiasi dania sebesar Ian
200 MB, mdkd 1.000 MBX 2 20000 ME 4 Jangdn 300 MBAidn maﬁhari//m hai(
2300 M8, 9adi panyimpanan intaind)- bagidn~ APk pania Jikd dting (daam sqiua
Mp) Addidh 2.300°MB

Translated into English:

Information: The internal storage of the Dania app section (2GB 300MB)

1GB = 1000MB

If 1GB = 1000MB, then 1000MB X 2 = 2000 MB + 300 MB = 2300 MB.

So, the internal storage of the Dania application, if calculated in MB units, is 2300 MB.

Figure 5. Student's answer on the smartphone's internal storage task activity part (a)

Figure 5 depicts the result of student's field test answers. The answer demonstrates that students
can use the knowledge in the questions and activities to solve issues. In part (a) of the smartphone's
internal storage task activity, students understand the problem nicely by giving the correct answer.
According to Han et al. (2017), there are three indicators of numeracy ability: the ability to use
various symbols or numbers related to basic mathematics to solve problems in everyday life; the
ability to analyze information presented in the form of such things as graphs, tables, and diagrams;
and the ability to interpret the results of the analysis in predicting and making decisions. From the
results of these answers, all indicators of numeracy skills appear, namely, that students can use
numbers in solving problems, students can also analyze the information on the pie chart in the
problem in determining the internal storage of the application section, and students can conclude and

make decisions in solving the problem.

Translated into English:

DI Fua T O T L B R T L R

mengunduh ikas dengdn Wnurdn 168, oeh sebad ity Dand ingin
manghapus gain) Giyak 2 anindsi di smarkphone 18 A cldly yntuk

mengundh dids (langan Urdn 165 lersebut
Rudng yosong panid : 300 MB .
/\Pli)tdgsi Wg s dinavs 0and aclaan whdisiw din isiaguam ;amar
ok ucuan ms pang bdr

ShlSa = U0 W3 4 TAGTam = 1 Rulhg Kosong 300 M5 i

f’wnghdmkﬂn 163 = ap I3 Mp | |
i onii ponyimpandn IN0ar yiy ctp - Selaidh manghivt

?ldﬁlﬂﬂdﬂ i fisd ;ala?ah 4 9

Information: Free space on Dania's internal
storage is 200 MB. Dania must download an
application with a size of 1 GB; therefore, Dania
wants to delete at most two applications on her
smartphone so that it is enough to download the
application with a size of 1 GB.

Free space = 200 MB

Dania must delete the WhatsApp and Instagram
applications because they have the largest MB
size.

WhatsApp + Instagram + Free Space =
474 MB + 479 MB + 200 MB = 1153 =
1 GB 153 MB

So, Dania has enough internal storage after
deleting two apps.

Figure 6. Student's answer on the smartphone's internal storage task activity part (b)
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Figure 6 shows the results of student answers on the smartphone internal storage task activity
part (b). It is also seen that students clearly understand the problem by giving the correct answer, and
all indicators of numeracy ability appear. Students can draw conclusions and explain why they choose
which applications to delete. The results of student answers varied in choosing which applications to
delete, namely WhatsApp and Instagram, Teacher's Room and Instagram, and Instagram and Gojek.
Students with good reasoning skills will immediately choose WhatsApp and Instagram applications
because they are more significant than others, but some will use trial-and-error strategies. According
to Meryansumayeka et al. (2021), students typically employ the trial-and-error method because they
do not know the problem's pattern or formula; as a result, they seek answers through trial-and-error on
the potential solutions.

AKORLME. =70 L x200 :20mMB (01 @Gagjan darn 200
spsa rudng Asoong 200 B (o L”"B} 9

Tidax, raina saal bama  MOMghapas /WK wa gan 19 oikd KedUang
didum\ahndn : gs3 mMB  unlux daval manginstdl arxk Yg membutthy an
ukdian 1 GB/ 1000 M3 pania  >dga memdxa) Yz mp arad
o2 Gdgian dari ruang kosong penylmpandn  inlernd) smartpho
nangya.

Translated into English:

Information: 0.1MB = %

Remaining free space 200 MB

1
75 X 200 = 20 MB (0.1 part of 200 MB)

No, because Dania deletes the WA and IG applications if they add up to 953 MB
to be able to install applications that require a size of 1GB or 1000 MB. Dania
also uses 43 MB, or 0.2 part of her smartphone's free internal storage space.

Figure 7. Student's answer on the smartphone's internal storage task activity part (c)

Figure 7 shows the results of student answers on the smartphone internal storage task activity

part (c). Students have understood the problem, but the solutions are only partially correct. Students
operate by multiplying numbers 1—10 with free space, which should be 0.1 of the total internal storage of

the smartphone.

‘[Fdax Marae Jike by ko Menghon Lormpor <) Pada $atan Satv hats
hasiinye Addlgn 20,199,900 Y 8.4 99,000~ 15,099,900
2(&3.699,000) atav 99 ,199,000-]8,699,000415.199, 00°

Ié 6 000 i koo n9 dari ot bu tia Yaiyo
@b“ﬁ—%«m

Translated into English:

No, because if Mrs. Tia presses the (-) button on one of the prices, the result is
20,199,000 + 18,699,000 — 15,199,000 = 23,699,000 or

20.199000 — 18.699.000 + 15.199.000 = 16.699.000

It means less than Mrs. Tia's result, which is 38,898,000.

Figure 8. Student' answer on the evaluation test in the context of "phones store”
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The N1 ability indication emerges based on Figure 8; students may utilize numbers to answer
the issue. Students understand the problem very well because it provides a complete solution, namely
writing down the possibilities when Mrs. Tia presses the less button, which is included in the N2

indicator. In addition, on the N3 indicator, students can conclude their answers and give solid reasons
for their answers.

Sotat = (0 menit
¢ : a baa

Mand: =15 rmenit atatan : Danesya Ldu langgung bangua
BerPaucion =15 mesit Saat alaten besbuny:,
MembefSinkan = (0 Menit '
Sarafan a1 aMeni ke (1 Jam 2 60 MEML)

Mengeceu 23 menit

Tokal 2 €S menit —p ] jam Smenlk

05.30 yadi, munguin Danesya b angun
,oiﬁs—-f lewin /lewat S menit Setelah alarm bechunyi

06.35

4 ¥ 2o +

{0 e

0 -55

Translated into English:

Prayer = 10 minutes, Shower = 15 minutes, Dressing = 15 minutes, Cleaning
the room = 10 minutes, Breakfast = 12 minutes, Checking the equipment = 3
minutes, Total = 65 minutes = 1 hour, 5 minutes

Note: Danesya does not wake up immediately when the alarm sounds.

05.30 + 01.05 = 06.35 + 20 = 06.55

So, maybe Danesya woke up 5 minutes after the alarm went off.

Figure 9. Student' answer on the evaluation test in the context of "alarm”

In Figure 9, it can be observed that the students first provided solutions to the calculations that
Danisya completed before departing for school. Students also attentively understand the questions, as
seen from their answers, namely by using important note information on the questions. This shows
that students have understood the problem well enough to draw conclusions about the solution to the
problem. Based on the findings of Sholihah and Shanti (2017), a question is said to be successful. The
student's success in responding to questions demonstrates this. According to Zulkardi et al. (2020),
there are steps where students understand and solve problems: see pictures and read questions, refer to
all information to solve problems, and read and compare all information.

Learning Process Stage using Student Activity Task

According to this research’s findings, applying the PBL model in developing PISA-type
questions and activities substantially impacts the development of students' numeracy abilities. The
PBL model consists of five phases: student orientation to issues, student organization for learning,

directing individual/group investigations, generating and presenting work, and assessing and
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evaluating the problem-solving process. About the preceding explanation regarding the phase of
student introduction to the issue, students may readily comprehend the information included in the
activity, despite the lengthy duration. In addition, students can find out the problems that must be
solved from these activities by organizing students. Students can then present issues based on the
activities and questions given, where students can provide examples of possible answers and actions
that must be taken to complete these activities and questions. In addition, students analyze and
evaluate the results of the solutions given and the activities for the final concluding step.

The steps in the PBL model make it easy for each student to complete the questions and
activities. Students' mathematical problem-solving skills can be honed, expanded, and enhanced
through PBL-based activities (Zulfah et al., 2018). During the learning process in the classroom using
PBL, students are more engaged in discussing problems and engaging in activities within the context
of smartphones. In line with Hendriana et al. (2018), using the PBL model makes students more active
in learning and creative, with good self-confidence, communicating more, and working together to
solve the problems given.

According to the findings of interviews with students, completing questions and activities in the
context of a smartphone is more engaging than addressing common questions since it requires more
mental effort. Zulfah et al. (2018) states that presenting problems in the real world makes students
enthusiastic about learning.

The smartphone context encourages students to study and think mathematically and may
unintentionally involve them in active learning. According to Kohar et al. (2019) and Zulkardi et al.
(2020), using contexts promotes students’ ability to think mathematically since specific circumstances
make mathematical thinking processes possible. Additionally, context enables students to engage in

collaborative learning and gives learning significance (Putri & Zulkardi, 2020).

Students’ Numeracy Skills

Numeracy can be interpreted as the ability to apply mathematical concepts and skills to solve
practical problems in various contexts of everyday life, for example, at home, at work, and
participating in community life and as citizens (Kemendikbud, 2017). Based on the results of students'
answers at the field test stage, it found that the questions that had developed could bring up indicators
of students' numeracy abilities, namely, students were able to use various symbols or numbers related
to basic mathematics in solving daily life problems (N1), students were able to analyze information
which is presented in multiple forms such as graphs, charts, tables, diagrams, etc. (N2), and students
can interpret the results of the analysis to predict and make a decision (N3). Students' numeracy skills
can be seen from the way students describe the steps in solving problems. This shows that students'

numeracy skills emerge when working on questions.
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From the analysis of the results of students' answers at the field test stage, it found that in the
jumping task activity of the smartphone internal storage unit question 1 (see Figure 5) and question 2
(see Figure 6), the numeracy abilities that emerged were abilities (N1), (N2), and (N3), as well as
abilities (N1) also appear in question 3 (see Figure 7). In questions 1 and 2, students can answer the
questions properly and correctly because they can understand them well. However, in question 3,
students needed help understanding the problem. Understanding the fundamentals of global issues is
crucial for resolving PISA issues (Nusantara et al., 2020). However, some students focused solely on
providing supporting evidence rather than answering questions. This is consistent with Nusantara et
al. (2021) finding that students spend more time comprehending the problem statement than
identifying its essential elements. This can affect students in the calculation process. Efriani et al.
(2019) stated that students made mistakes when converting questions into a calculation process
because they did not read them correctly.

Furthermore, in the question of evaluating the phone store unit (see Figure 8), the numerical
abilities that emerged were abilities (N1), (N2), and (N3). Then, in the matter of evaluating the alarm
unit (see Figure 9), the numerical capabilities that appear are (N1), (N2), and (N3). Students can solve
problems and give correct answers because they use their reasoning and understand the questions
well. This is in line with Ahyan et al. (2014), Jannah et al. (2019), and Nusantara et al. (2021), which
state that students who have good reasoning abilities can understand, formulate and solve problems

correctly and appropriately.

CONCLUSION

This research resulted in PISA-type questions and activities using PBL model consisting of four
problems in activity and six evaluation questions with a valid and practical using smartphone context.
The criteria include quantity content and smartphone context in the form of the smartphone’s internal
storage, phone store, and an alarm application. Developing PISA-type questions and activities within
the context of a smartphone may assist students in integrating other subject areas with problem-
solving. In addition, students calculate mathematically and apply their reasoning to articulate their
perspectives and arguments the characteristics of smartphones related to life skills. In this way,
students learn how to operate and take advantage of features on smartphones while strengthening
students numeracy skills, i.e., students were able to use various symbols or numbers related to basic
mathematics in solving daily life problems, students were able to analyse information which is
presented in multiple forms such as graphs, charts, tables, diagrams, etc., and students were able to

interpret the results of the analysis to predict and make a decision.
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