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COVID-19 pandemic is an example of a global context and real-world phenomena. This context is an

excellent example of the Data and Uncertainty, a part of the content knowledge in the PISA 2021

framework. This new content of the Statistics and Probability as a part of Mathematics Literacy focuses

on Conditional Decision-Making. This paper aims at sharing the development and implementation of the

PISA like task using three steps of design research method. Firstly, a preliminary study on the history

and development of PISA in Indonesia. Then, the PISA-like items' design process continued with the

tasks' experiment using focus group discussion. In the end, the PISA problems have resulted after a

formative evaluation. Finally, the presenter will share the final results of valid and practical, tested PISA

problems.

Data and Uncertainty, PISA tasks,  Design research, Decision making



PISA Score of Indonesian students
Average 500



Mendikbud M Nuh (2014):
UN uses PISA item
Revise KTSP curriculum to K-2013



Gerakan Literasi Sekolah (GLS) 
Since 2015 initiated by Miniter Anis Baswedan



PISA item used in UNBK (2018)



PISA low=> Change UN with Asesement Kompetensi Minimum Literasi & 
Numerasi (Dec, 2019)



Five strategies to improve PISA score (April, 2020)

1) Transformasi Pimpinan Sekolah(Kepala Sekolah dari
Guru-guru Terbaik) 

2) Reformasi Pendidikan Profesi Guru (PPG)- LPTK

3) Penyederhanaan Kurikulum (fleksibel & bebasis
kompetensi) 

4) UN diganti AKM literasi & Numerasi berbasis
Global  (PISA, TIMSS & PIRLS)

5) Kemitraan dengan daerah dan masyarakat sipil
(POP&sekolah penggerak)



Overview PISA

What is PISA? Assesment math literacy, science, reading and financial
When? Each three year: 2000, 2003, 2006, 2009, 2012, 2015, 2018, 

2022
Who? Student at 15-year age from  78 countries (since 2018)
Why? To prepare students to be literate and reflective citizen on 21st

century
What? Content math: Quantity, Change & relationship, Shape & 
Space and Data & Uncertainty



What is  Numeracy & Literacy
(Use of reasoning to solve the problem both in math and 

reading)
Numerasi: Penalaran menggunakan matematika dalam menyelesaikan masalah
dalam kehidupan sehari-hari
Literasi: Kemampuan memahami teks bacaan untuk memecahkan masalah
kontekstual secara nalar



Definition of mathematical literacy in PISA 2021:

Mathematical literacy is an individual’s capacity to reason 
mathematically and to formulate, employ, and interpret 
mathematics to solve problems in a variety of real- world 
contexts. It includes concepts, procedures, facts and tools to 
describe, explain and predict phenomena. It assists individuals to 
know the role that mathematics plays in the world and to make 
the well-founded judgments and decisions needed by 

constructive, engaged and reflective 21st century citizens.



Framework PISA Mathematics 2000-2009 



Framework PISA Mathematics 2012-2015-2018



Mathematical literacy: the relationship between 
mathematical reasoning and the problem solving (modelling) 

cycle. 



PISA 2021: the relationship between mathematical reasoning, the problem 
solving (modelling) cycle, mathematical contents, context and selected 

21st century skills. 



Three components of Mathematical Literacy

1) Mathematical reasoning (both deductive and inductive) and problem 
solving (which includes the mathematical processes that describe 
what individuals do to connect the context of the problem with 
mathematics and thus solve the problem); 

2) The mathematical content that is targeted for use in the assessment 
items; and

3) The contexts in which the assessment items are located coupled with 
selected 21st century skills that support and are developed by 

mathematical literacy.



When student reason mathematically?

Students reason mathematically when they:
1) Identify, recognise, organise, connect, and represent,

2) Construct, abstract, evaluate, deduce, justify, explain, and 

defend; and 

3) interpret, make judgments, critique, refute and qualify.



Understanding of Mathematical Reasoning

1) One is deduction from clear assumptions (Deductive reasoning), which is a 

characteristic feature of mathematical process. 
2) The second important dimension is statistical and probabilistic (Inductive)

reasoning. 
At the logical level, there is these days frequent confusion in the minds of 
individuals between the possible and the probable, leading many to fall prey to 
conspiracy theories or fake news. 
From a technical perspective, today’s world is increasingly complex and its multiple 
dimensions are represented by terabytes of data. 
Making sense of these big data is one of the biggest challenges that humanity will 

face in the future. 



Four contents emphasized in PISA 2021

• Growth phenomena (change and relationships)
Geometric approximation (space and shape)
Computer simulations (quantity)

Conditional decision making (uncertainty and data)



Conditional decision making

In the illustrative example Purchasing Decision the student is presented 
with a summary of customer ratings for a product in an online store. 
Additionally, the student is provided with a more detailed analysis of the 
reviews by the customers who provided 1- and 2-start ratings. 

Conditional decision making: Using basic principles of combinatorics
and an understanding of interrelationships between variables to 

interpret situations and make predictions.



New challenges in mathematics education today with the emergence of educational disruptions

need to be done both contently and pedagogically to prepare students for the 21st-century skills

and mathematical reasoning [1];[2].

As a result, the emergence of a bold movement, commonly known as “Freedom of Learning,”

was established by the Indonesian Minister of Education and Culture (MoEC). This agenda

substitutes national examination into a minimum competency assessment (MCA). This test

would mainly evaluate students’ literacy and numerical competence. The team from Pusmenjar

Kemdikbud will design test items based on the instructional practice and PISA framework. This

plan for students grades 4, 8, and 11. [10];[11].

Considering the little improvement of Indonesian students in the domain content of mathematics

in PISA, a decision to make PISA as the standard of international education in Indonesia is

prompted [3];[4];[5]. The underlying factors were driven by students who are not accustomed to

solving PISA-like tasks [6], the limitations of teachers in providing PISA-like [7], [8], and the

absence of learning resources that offer PISA-like problems both in school and in bookstores [9].



It takes a reasonable effort to provide problems with PISA-characters by incorporating the local

context. Thus, Indonesian students will be familiar with PISA-task and ready for MCA [12].

On the other hand, the regulations issued by the Ministry of Education require teachers to

improve students' competence and life skills to face the COVID-19 situation [15]

One real example of a well-known context to students is the COVID-19 phenomenon that

became a pandemic for the rest of the world [13]. This context is an excellent example of the

Data and Uncertainty, a part of the content knowledge in the PISA 2021 framework [14]. Various

data distribution and infographics related to COVID-19 cases in Indonesia are always displayed

regularly in both printed and online platform media. Consequently, it is interesting to apply as the

source of students’ learning. The uncertainty and data content is the right content in shaping,

interpreting, evaluating, and drawing conclusions from various data related to COVID-19 [5].



The previous studies have been conducted by producing the development of PISA-like

mathematics problems using local [16], national [17], and international [18] contexts. These

efforts attract students to learn and enhance mathematical literacy skills [19];[20].

However, there have been no PISA-like mathematics problems using the didactic phenomenon of

the Covid-19 pandemic. It means there is a gap between desired demands and conditions in the

field (school). Therefore, researchers are interested in developing mathematics problem with the

characteristic of PISA using the context of Covid-19 Pandemic (PISAComat) on the content of

uncertainty and data which aimed to produce valid and practical PISAComat and had a potential

effect on students’ mathematical literacy



Design research with the type of development studies as the main framework was used [21];[22].

This research was carried out by involving secondary school students number 1 Palembang. The

framework took several activities, such as a preliminary study on PISA's history and

development in Indonesia, the PISA-like items' design process continued with the tasks'

experiment using focus group discussion, and the developed PISA-like items were piloted to

prototyping/formative stages [23]. The online system supported the development process, such as

Zoom Meeting, email reviews, and WhatsApp group discussion. The comments and suggestions

from FGD and the prototyping stage were considered revising the developed PISA-Items in

producing valid and practical PISA-items. A walkthrough, test, and interview were used as data

resources, and the result of each step from the phases was analyzed descriptively



Various research resulted related to the development of PISA Items were used as both a learning

activity and an assessment. The following graph is a description of previous PISA research

results in terms of content, level, and context.

28%

15%

31%

26%

Quantity Change and Relationship

Shape and Space Uncertainty and Data

As illustrated in graph 1, most PISA research

focuses on shape and space content with 31%,

followed by quantity content with 28%. The

uncertainty and data with 26%, and the change

and relationship content 15%.

Graph I

STEP I



18%

48%

34%

Understanding Applying Reasoning

Graph 2

As depicted in graph 2, most of the

research resulted in applying level

difficulty (48%), followed by reasoning

(34%) and understanding (18%)

27%

30%

43%

Local National International

In graph 3, the international context used from

previous research related to international

sports in the last two years with a 43%

percentage, followed by the general context

(national) with a 30% ratio, and the local

context contributed by 27%.

Graph 3



STEP II

In this study, there were three items of PISA-like mathematics problems on uncertainty and data

content using the context of Covid-19. This study's result on each stage of the preliminary and

formative evaluation/prototyping is shown below.

The researchers conducted student analysis, curriculum analysis, PISA framework, and design

an instrument that included the problem grids, problem cards, and scoring rubrics in the

preliminary stage. The development process is based on the original PISA mathematics problem

concerning the PISA 2021 framework. The PISA items developed tend to ask students to use

their reasoning, give arguments or opinions, and solve the problems by making the decision.

At the prototyping stage, focus group discussion (FGD) and 1-1 activity were involved to see the

developed PISA Items' validity. FGD is done through Zoom Meeting by engaging PISA experts

(researchers who have conducted PISA research), Ph.D. students, graduate students, and

secondary school teachers. In parallel, one to one is conducted through Zoom Meeting involving

six students with heterogeneous abilities.



Example of PISA 2021 task: Data Smart Phone use



Purchasing 
decision
in shoping
online



Purchasing 
decision
in shoping
online



Purchasing 
decision
in shoping
online



Computational 
thinking



Context:
Cases of  COVID-19 up to 20 Agustus 2020 



Context: Tawaf at the  Masjidil Haram, Rabu 29/7/20. 
Sketsalah top view.  Estimate how many people? Explain 

your answer



Example of PISA-like for Numeracy (Update 12 
Oct 2020)

From Infographics:  a. One can say that the situation is still not safe. What do you think?
b. Still, on average there are four people were dead a day. Do you agree? 

Explain your reasoning



STEP III

Validators Comments/Suggestions Revision
FGD
(Lectures, PhD 
students, 
Graduate 
students and 
Teachers)

- The selected context is attractive and authentic 

according to the current situation but the 

language construction indicated the difficulty at 

the level 1

- The information on the table is only cropped 

into the ten high provinces.

Changing the questions and the 
statements.

The table only provides 10 highest 
province of Covid-19.

1-1  
(Students)

- I don’t understand this problem

- I do not get the important information from the 

table

The word “increased” is removed, 

change the language construction.

Cropped the table into 10 province.

The comments and constructive suggestions from FGD and one to one were considered to revise

the prototype. The following table I is presented comments and advice from expert review and

students

The prototype was declared valid, reflected in experts' comments and suggestions, and students'

understanding of the problems [21].



The small group stage was performed by involving six students who work on it individually. The

developed PISA items after revision can be seen in figure 1 and figure 2

STEP III

Figure 1 Figure 2



Figure 3 shows the students' strategies used in answering unit number 1. The student analyzed the 

data provided at first. Then the student performed the calculation process in her mind. However, the 

calculation process is not seen because students knew the patients' difference is confirmed, 

recovered patients and deaths patients looking significantly different from other provinces. The 

research result [19] stated that students with sound reasoning and argumentation abilities could 

understand, formulate, and solve the problem correctly.

STEP III

Translated:
DKI Jakarta, because based on the data provided, the 
difference between (patients) confirmed and deaths 
also recovered looks significantly different from other 
provinces.
(Patients in care = Confirmed – (Recovered +Deaths))

The students’ answers on PISA Items unit number 1 can be seen in figure 3.

Figure 3



Figure 4 shows the students’ strategies used in answering unit number 2. Students were asked to 

decide whether the statement is true or false by providing an answer based on the data. The first 

statement was wrong because students calculated that other provinces had a higher recovery 

percentage, namely Kalimantan Selatan. Simultaneously, the second statement is true because DKI 

Jakarta has a better recovery ratio than Jawa Tengah. 

STEP III

Translated:
No, because there are still other provinces that have 
(the highest) percentage of recovered (patients), E.g. 
South Kalimantan of 80 %.
Yes, because DKI Jakarta has a percentage of recovered 
(patients) higher than Jawa Tengah.

The students’ answers on PISA Items unit number 2 can be seen in figure 4.

Figure 4



Figure 5 shows the students’ strategies used in answering unit number 3. Students understand a 

specific symbol in the image that shows the increasing number of patients who recovered in the 

previous day. Then students use the concept of division operations to determine whether the given 

statement is true or false. Students make conclusions by rounding numbers.

STEP III

Translated:
Because, there are 106 death patients from 11 Sept – 12 Sept
1 Day = 24 hours
Four people died every hour
This means, 24 x 4 = 96
96 is close to 100 => Ya, (It’s) right statement

The students’ answers on PISA Items unit number 3 can be seen in figure 5.

Figure 5



It is necessary to develop diverse and balanced PISA-items in terms of contents, knowledge, contexts, and

difficulty levels. The development process has produced three useful and practical PISA items. The PISA

items' validity was seen from the FGD and prototyping stage regarding content, construct, and language.

The practicality of the PISA items was viewed from the small group phase. It obtained the revised

prototype that can be understood easily and interpreted well by students with different reasoning,

argumentation, interpretation, and decisions based on existing data.
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