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Abstract PISA is an ongoing program that monitors
trends in the knowledge and skills that students around the
world have acquired. Mathematics becomes one of the
domains PISA assessed. Therefore, mathematical literacy
is very essential. Indonesia, however, gets a low rank in
PISA 2012 and 2015. This study is part of research and
development research focusing on the preliminary and
developing stage. This research aims to develop a
PISA-like mathematics task for increasing students'
literacy-related mathematics. The research subject is
mathematics
teachers
and
students
in
SMP
Muhammadiyah in Boyolali Regency and also expertise in
education. At this stage, the data are collected by
observation and documentation. This study uses
investigator triangulation. The result shows that
mathematics material in junior high school can be
developed as PISA-like problems as it includes quantity;
space and shape; change and relationship; and uncertainty
and data suitable with content in PISA. Moreover, this
research produces for PISA-like tasks in each content and
the context is related to Indonesia culture, namely
technology trends in Indonesian teenagers, Cakra
Menggilingan Ferris Wheel in Yogyakarta, Polygon
Bicycle as a popular brand of Indonesia that known
overseas, and Leather Craft as Indonesian local wisdom.
PISA-like tasks based on Indonesian content could assess
mathematical literacy.
Keywords Mathematical Literacy, Mathematics Task,

PISA-like, Local Wisdom

1. Introduction
Mathematics learning is often monotonous and
non-interactive teaching and learning activity. Students are
often reluctant to follow the learning process. Mathematics
is a subject that is assessed in national examinations and
PISA (Program for International Student Assessment)
studies. PISA will require students to have higher thinking
skills, by combining their knowledge in solving
mathematical problems (Wardhani, 2004). The focus of
PISA is the emphasis on the skills and competencies of
students acquired from school and used in daily life with a
variety of situations (OECD, 2013). Mathematics is a
science that has a very strong attachment to everyday life.
(Ker, 2013) states that good mathematical skills are one of
the basics in developing the latest and sophisticated
technology. Therefore, mathematics is a basic and dynamic
subject given in school to students to increase their
understanding of the world and make their value in social
life (Yore, Anderson, & Hung Chiu, 2010).
Based on the results of the PISA analysis over the past 3
periods, Indonesian students still on the 10 lowest ranks
especially in mathematical literacy. Based on the PISA
result, Indonesian students got rank 72 from 78 countries in
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2018, while in 2015 they got rank 63 from 72 countries,
and got rank 64 from 65 countries in 202. Indonesian
students are only able to answer PISA questions levels 1, 2,
and 3, and only a few students can complete level 4
questions (Edo, Hartono, & Putri, 2013). Wardhani (2004)
stated that the cause of the weak ability of students to solve
PISA problems is that students are not used to the process
of solving problems correctly, namely by stages of
understanding problems, planning, problem-solving, and
checking the results. Students often have a low ability to
understand problems. Students will more easily understand
the problems that are often encountered because students
will use procedures that are often used, but if students
encounter a type of question that they have never
encountered, students will find it difficult to solve these
problems. Students are not able to solve new types of
questions because students do not know the procedure for
solving these problems. In the PISA problem, there are
several materials used as a reference to measure the level of
mathematical
problem-solving
ability. Therefore,
Indonesia has a low score in the PISA assessment each
period.
Stacey (2010) argues that the concept of literacy is
closely related to several concepts discussed in
mathematics education. The PISA mathematics literacy
domain relates to students' capacity to analyze, reason, and
communicate ideas effectively as they propose, formulate,
solve and interpret mathematical problems in various
situations (Edo et al., 2013). The fact shows that
mathematics literacy skills have not been trained to the full.
This is very reasonable because there are no available
questions that measure students' mathematical literacy
abilities. There are several sources of obstacles faced by
teachers in assessing mathematics literacy, namely: first,
the lack of teacher knowledge about mathematical literacy
competencies; secondly there is no mathematical literacy
assessment format especially in schools; the third is that
mathematics literacy competitions are rarely conducted, so
teachers do not direct their learning towards mathematical
literacy, only to achieve material goals. Based on Pulungan
(2014), there is no mathematical literacy test in school yet,
especially for junior and senior high school students.
Moreover, it is needed to develop a mathematical literacy
instrument integrated into learning to make students
understand and close to the test (Pulungan, 2014). Thus, it
is needed to develop a PISA-like mathematics task-based
to introduce and assess students' mathematical literacy.
An assessment carried out through using
non-standardized instruments is one of the factors not yet
fulfilled the purpose of educational assessment (Hamid,
2010). Learning assessment shows various procedures for
obtaining student learning information and determining
decisions related to student performance or learning
outcomes (Miller, Linn, & Gronlund, 2012). Sugiyono
(2009) states that products that are rarely developed to
improve the quality of education are learning assessment
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instruments. The development of learning assessment
instruments is an effort to develop assessment instruments
based on needs analysis into new products by first testing
their effectiveness so that they produce products that
function and benefit the community (Wijayanti,
Sukestiyarno, & Masrukhi, 2015). The development of
learning assessment instruments aims to improve students'
knowledge and understanding of learning material. One of
the developments of assessment instruments can be done
by making quality questions. Questions can be said to be of
quality when the questions can measure what is to be
measured and the questions must be aligned with the
learning objectives achieved (Uno, 2008).
Some research had developed mathematics problems
based on PISA characteristics. Some of them developed
PISA problems by translating the PISA test to the
Indonesian language, such as research conducted by
Pangestika & Murtiyasa (2016). It was needed by some
modification on the PISA test that would be used for
Indonesian students as the characteristics of stimulation
might be different from Indonesian cultures, such as the
currency, demographical, and other special conditions. The
positive side is that it would assess students' mathematical
literacy appropriately like the real PISA test. Besides, some
researcher designed PISA-like problems based on some
region in Indonesia, such as Jambi context (Charmila,
Zulkardi, & Darmawijoyo, 2016), Lampung context (Putra,
Zulkardi, & Hartono, 2016), and Bangka context
(Dasaprawira, Zulkardi, & Susanti, 2019). Using local
content as mathematics problems would make the student
more motivate and closer to problems as well as understand
the context of the problems. However, if the content is very
specific in a certain region, then the problems could not be
used for other students in other regions. Hence, this study
would develop a PISA-like task based on the Indonesian
context in general, so that students in the various region
could use this instrument. Based on the background above,
this research is aimed at developing a PISA-oriented
assessment instrument model in Boyolali Regency, Central
Java, which effectively improves mathematics learning
outcomes in Junior High School students in Boyolali
Regency, Central Java.

2. Research Methods
This research was conducted by research and
development design which aimed to develop mathematics
assessment based on PISA criteria in Boyolali to assess the
mathematical literacy of students. Besides, the design of
this research is qualitative and qualitative with the ADDIE
model,
namely
analysis,
design,
development,
implementation, and evaluation. This article was focusing
on analysis, design, and development stages. The subject of
this research consists of mathematics teachers and students
in SMP Muhammadiyah in Boyolali Regency and also
expertise in education, while the object was PISA-like task

4988

Designing PISA-like Mathematics Task to Assess Students’ Mathematical Literacy

and mathematical literacy. Besides, in this research, the
data was collected through observation, interviews,
documentation, test, and questionnaire. Moreover, this
research also used focus group discussion (FGD) as an
additional data collection method. Data analysis of this
study was qualitative by using flowchart type and
descriptive comparison. There were three main stages of
this study, namely identification of theoretical review,
design the instrument based on PISA, and focus group
discussion.

3. Results and Discussion
This research had produced four mathematics problems

based on PISA including quantity contents, change and
relationship contents, space and shape contents, and also
uncertainty and data contents. There were 11 questions
related to contents. Each content had its themes, namely
Bianglala (Ferris Wheel), Peralatan Elektronik (Electronic
Tools), Sepeda Polygon (Bicycle Polygon), and Kerajinan
Kulit (Leather Craft).
The researcher designed PISA-like mathematics
problems involved four mathematical content in PISA. The
first step was making an assessment grid consisting of
content, PISA problem 2012, material, context, and
questions. Each content had its context that adopted by the
PISA problem 2012 and was modified based on the
Indonesian context. The assessment grid is presented in the
following table.

Table 1. Assessment Grid of PISA-like mathematics problems.
Content

PISA
Problems
2012

Material

Context

Questions
Presented the data about the price of some goods and some
statements related to the purchase of goods such. Students
are asked to identify the statements are true and false

Quantity

MP3 Players

Social
Arithmetics

Peralatan Elektronik
(Electronic Tools)

Presented the data on the price of some goods and
statements related discounts are given. If given some
money, students can determine the goods which course that
can be bought and not to be bought.
Given the data related to the price of the sale, the price of
buying, and profit. Students are asked to formulate an
appropriate equation.

Space and
Shape

Ferris Wheel

Circle

Bianglala (Ferris
Wheel)

Presented Ferris wheel image, which shows the shape of a
circle. Students are asked to specify the high point of the
center of the Ferris wheel on the surface of the ground if the
known high maximum of the wheel.
Given the data related to the time that it takes Ferris wheel
rotates one lap. Students are interested in determining the
final position if it is known that the Ferris wheel has rotated
at a certain time.
Given distance and time data. Students are asked to
determine an average speed based on data.

Change and
Relationship

Helen The
Cyclist

Speed,
Distance, and
Time

Sepeda Polygon
(Polygon Bicycle)

Presented data are related to distance and speed, as well as
several statements about travel time. Students are asked to
identify statements that correspond.
Given the data comparison of distance and time, students
are asked to determine the average speed.
Presented data on leathercraft production and the
percentage of production failures due to defects. Students
asked to analyze the statements are given whether by the
data or not.

Uncertainty

Faulty Players

Data
Presentation

Kerajinan Kulit
(Leather Craft)

Given a statement assembled average production of
leathercraft. Students are asked to analyze the statements
and explain them.
Presented the data comparison of the data early. Students
are asked to identify the percentage of production
leathercraft.
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The first content is quantity. At this content, the task was
adopted from PISA question 2012, especially in the "MP3
Players" context presenting in Figure 1. The stimulation of
problems is presented in Figure 1. Based on the figure, it
can be seen that there are 3 items related to an MP3 player,
namely MP3 player, headphones, and speakers. Besides,
each item is followed by the prize in zeds. The first
question presents the amount of the price and some
possible cases related to the amount of the price. Then,
students are asked to analyze the reason why the
calculation is wrong. In the second question, data
information is added with a discount for special terms.
Students are asked to identify which statements are correct
if someone only has some money. In the third question, the
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stimulation is added to data related to profit. Students are
asked to identify which is an appropriate equation based on
the data given.
As the problem would be used for Junior High School
Students in Boyolali, Indonesia, then the stimulation
should be modified and coincide with the context of
Indonesia at this time and is presented in Figure 2. We
choose a power bank, earphone, and smartphone case as
the items as those items close for teenagers. Besides, we
change the prize in rupiahs too. It would be predicted that
students would be confused with the zeds unit. The main
problem is almost similar to the PISA problem; it provides
three items with the price, then students should analyze
some cases.

Figure 1. PISA 2012 task in context MP3 Players.

Figure 2. A PISA-like task in context Electronic Tools
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The second content is associated with space and shape
content. This task was adopted from the content “Ferris
Wheel” context on PISA 2012. The stimulation of the task
is high of giant Ferris Wheel from the river. There are 2
pictures presented that show the real Ferris Wheel and the
sketch of its high. The main problems are the diameter of
the Ferris Wheel, and where is the position of people if the
Ferris Wheel rotates at a certain time.
Figure 3 shows the PISA-like task-related space and
shape content in the Indonesian Ferris Wheel context. It
used the Cakra Manggilingan Ferris Wheel that was one of
the highest Ferris Wheel in Indonesia. The stimulation
focused on information about Cakra Manggilingan. The
problems, however, are similar to the PISA test that
determines the diameter of the Ferris Wheel and
determines position after the Ferris Wheel rotating in a
certain time. As it used real Ferris Wheel in Indonesia, then
the data were also taken from the real measurement.

Therefore, this task was modified by changing the context
with Indonesia Ferris Wheel and also changing the data
based on the real.
The first question is determining the high of its center if
the information given related to the highest point and its
high above the bed of the river (Figure 4). This problem
includes employing the process on the PISA test as it
applies mathematical facts or concepts when finding a
solution (OECD, 2019). The second question is
determining people's position while riding the wheel if the
duration of a wheel is known in one rotation. This problem
includes the formulating process on the PISA test. One of
the characteristics from formulating is understanding and
explaining the relationships between the context-specific
language of a problem and the symbolic and formal
language needed to represent it mathematically (OECD,
2019).

Figure 3. PISA 2012 task in context Ferris Wheel

Figure 4. The PISA-like task in context Ferris Wheel
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Figure 5. The PISA-like task in context Polygon Bicycle.

The third content is associated with change and
relationship content. This task was adopted from the
content “HELEN THE CYCLIST” context on PISA 2012.
The stimulation of the task is that Helen got a new bike
which has a speedometer on the handlebar. There are three
problems related to speed average, time, and distance.
Figure 5 presents a PISA-like task in change and
relationship content, especially in context Polygon Bicycle.
As this task was adopted from Helen The Cyclist context,
then Polygon Bicycle was chosen as one of the popular
bicycles’ brands in Indonesia and overseas. The aim was to
inform students that the Indonesian product was so great
that could be sold internationally. The questions given are
also similar to the PISA test solving the problems
associated with average speed, time, and distance. All
three questions involve personal context and employ
process. This employ process is related to devise and
implement strategies for finding mathematical solutions as
well as apply mathematical facts to finding the solutions.
The fourth content is associated with uncertainty and
data content. This task was adopted from the content
"FAULTY PLAYERS" context on PISA 2012. The
stimulation of the task is associated with the production of
electronic tools in a company. The data presented in the
table consist of the average number of production and the
percentage of faulty from two types of electronic tools. The
students are asked to identify the appropriate statement

associated with data.
Figure 6 presents a PISA-like task in uncertainty and
content, especially in context Leather Craft. As the task
from PISA in the Faulty Players context was very
challenging, then we tried to adopt it in the Indonesian
context. LeatherCraft context was chosen as this is one of
the popular and traditional stuff in Indonesia. The
stimulation of this task is introducing leather craft from
Magetan as one of local wisdom in Indonesia. The data
given is similar to the Faulty Players context in PISA with
modification based on the real data and it presents on the
table.
The first problem is identifying a suitable statement
based on the data given. This task process involves
formulating as it is representing a problem in a different
way, including organizing it according to mathematical
concepts and making appropriate assumptions (OECD,
2019). The second problem is evaluating the statement
given related to data. This task has interpreted the process
because it was evaluating the reasonableness of a
mathematical solution in the context of a real-world
problem (OECD, 2019). The third problem is to add
another data from other cities in Indonesia. Students are
asked to analyze which has a lower percentage of the faulty
product. This task also involves the formulating process as
reflecting on mathematical arguments and explaining and
justifying mathematical results.
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Figure 6. A PISA-like task in context Leather Craft.

Using the Indonesian context on mathematics problems
has many benefits for students. Students are very happy
with learning materials that contain interactive and
regional content (Abadi, Asih, & Jupri, 2018). Students
find it easier to understand the content of the material and
students feel more excited and motivated in learning
activities. (Bahri, Kusumawati, & Nuraini, 2017).
Integrating local wisdom values of local people in learning
could improve the mood and bring it closer to the students
(Anwarudin & Dafik, 2019). Local wisdom-oriented
problem-solving learning models are effective to improve
mathematical problem-solving ability (Parwati, Sudiarta,
Mariawan, & Widiana, 2018). The values of local wisdom
can be a potential to develop assessment and remedial
(Toharudin & Kurniawan, 2017). Since this task was
developed based on the Indonesian context, and then it
would give a positive impact on students. They would feel
motivated, excited, and challenging because the task is
closer to their life.
Various context of PISA-like was developed based on
Indonesian content, namely Jambi context (Charmila et al.,
2016), Lampung context (Putra et al., 2016), Bangka
context (Dasaprawira et al., 2019), cultural heritage
(Oktiningrum, Zulkardi, & Hartono, 2016), Asian Games
(Nizar, Putri, & Zulkardi, 2018). Some of them using
regional context that could not be used in other regions.
Thus, designing PISA-like based on Indonesian content, in
general, would be more flexible. Designing of mathematics
based on local wisdom affects the knowledge and character

of learners in the area (Zulfah, 2018). Developing a
PISA-like task based on Indonesian culture or condition
would be potential effects on students' interest and elicit
students' mathematical competencies as mentioned in the
PISA framework. (Zulkardi & Kohar, 2018). This
PISA-like task was developed in the general context of
Indonesia so that students in the various region could
understand and solve the problems.
Using specific content related to students’ life gives a
great effect on their problems solving ability. There is a
comparison of students’ mathematical literacy in solving
PISA-like with local wisdom and the original task of PISA.
It can be seen in figure 7 that using local content on
PISA-like tasks gives the greater result on their
mathematical literacy skill. This limited test is analyzed
based on the mathematical literacy indicators, namely
communicating, analyze, and reasoning. There is around
83% of students have communicating indicators based on
the PISA-like task and only 58% of students have
communicating indicators based on the original PISA task.
Besides, The analysis aspect is reached by a half students in
the PISA-like task and it is 6% greater than in the PISA
task. Moreover, only around 17% of students fulfill the
reasoning aspect of the original PISA task and about two
times that students solve the reasoning aspect of the
PISA-like task. This small scale trial showed that using
local contexts such as our culture, local wisdom, and
regional specialties give a more positive impact on the
mathematical literacy skill of students.
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Figure 7. Comparison of Mathematical Literacy Skills of Students

Another research is in line with this comparison.
Research conducted by Rahmawati, Annajmi., &
Hardianto (2015) uses the original PISA task in levels 1 to
6 to identify students’ abilities related to mathematics. The
results showed that only 50% of students solved the PISA
task in level 1 as the lack of ability to solve a problem in
general context; only 50% students solved level 3 as they
cannot understand and represent the problems to their
knowledge as the problems are uncommon for them, and
there are no students could solve the level 5 because they
have no idea to solve complex and complicated problems.
Also, there is 29.55% of students fulfill mathematics
literacy indicators on solving PISA tasks 2015 (Saputro &
Murtiyasa, 2018). The majority of students do not have
mathematical literacy skills yet, especially as they cannot
evaluate the results and some of them have difficulties in
doing mathematics modeling from the problems. It shows
that the original PISA task stull challenging for many
students in the context is more general and uncommon for
them. On the other hand, using local context on developing
the PISA task gives a positive impact. For example,
students could use and develop their fundamental
mathematics concepts to solve various problems. The task
stimulate students to use their critical thinking ability and
reasoning skills, students got more motivation to solve the
problems related to Jambi city, and the task can be used to
enrich students’ mathematical literacy (Charmila et al.,
2016). Using PISA-like tasks on familiar contexts such as
potential effect on Asian Games shows the capability of
communication and representation (Nizar et al., 2018).
Moreover, the PISA tasks that developed based on local
heritage and Indonesian culture have potentially effect to
the students’ mathematical literacy in activating the
indicators of each fundamental mathematical capability
(Oktiningrum et al., 2016). Based on that research, using
local context on PISA-like tasks gives a more positive

impact for students, especially on their mathematical
literacy skills, than using the original PISA task as it is
quite unfamiliar for students.
The mathematical literacy skill in PMRI learning can be
improved by rediscovering the concept of mathematics.
The PISA-like task could encourage students'
mathematical literacy in terms of reasoning and contextual.
One approach of mathematics learning that can have a
positive impact on students' literacy skills is the Realistic
Mathematics Approach (RME) (Dianawati, 2018). PMRI
approach with character education and PISA-like
assessments is effective in improving students'
mathematical literacy skills (Wardono & Kurniasih, 2015).
Learning with a contextual approach can develop
mathematical literacy mainly on process employing and
interpreting (Mulyono & Lestari, 2016). As this PISA-like
task was designed by using realistic problems, especially
the Indonesian context, then this task would be in an
alternative way to measure students’ mathematical literacy.

4. Conclusions
It is still needed to develop a mathematics task based on
local wisdom and oriented to the PISA test. Mathematics
material in junior high school could be developed as
PISA-like problems as it included quantity; space and
shape; change and relationship; and uncertainty and data
suitable with content in PISA. Moreover, this research
produced a PISA-like task in each content that consisted of
social arithmetic; circle; distance, speed, and time; and also
data presentation. Besides, the context was related to
Indonesia culture, namely technology trends in Indonesian
teenagers, Cakra Manggilingan Ferris Wheel in
Yogyakarta, Polygon Bicycle as a popular brand of
Indonesia that is known overseas, and Leather Craft as
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Indonesian local wisdom. PISA-like tasks based on
Indonesian content could assess mathematical literacy.
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