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Abstract.
Literacy and numeracy abilities and critical thinking are very important challenges in
the 21st century. It is important to develop stats from the level of elementary education.
The results of literacy and numeracy shows that there is a significant problem. Based
on the International Student Assessment Program (PISA) 2019 held by OECD, which
evaluates the students’ ability in various countries, about 1% of Indonesian students
can solve the complex question model mathematically, even in the result of (PISA)
released in 2023 about the ability of literacy and numeracy. Indonesia ranked 68 out
of 81 countries and if compared with the result in 2018, it was significantly lower. This
research aims to describe the ability of literacy and numeracy and also critical thinking
of the Olympiad-winning student in solving the questions using STEAM-based test.
The research uses qualitative approach, with the method of case study taken from
the Junior High School student who wins the mathematics Olympiad. The research
instrument was a test that consisted of 5 STEAM based questions. The data collection
technique was giving test and it is continued with the interview based on the test result.
The result of the research shows that the ability of literacy and numeracy in solving the
test refers to the field of science, art, and mathematical subject to communicate, makes
the students to be able to change the essay question to the mathematics form. The
students can think logically, make valid statements, and construct strategy in solving
the test using formal language and symbolic operation. While the test related with the
technology, has an error in specifying the steps. In general, the subject’s numeracy
literacy skills are good.
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1. Introduction

Literacy and numeracy are the knowledge and the ability to apply various types of

numbers, signs or symbols related to basic mathematics to solve practical problems

in everyday life, presents the outcome of the analysis in the form of (graphs, tables,

charts, and other forms) then interprets the outcome of the analysis to interpret and
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to make the right decisions[1], [2]. Literacy and numeracy can be defined as the ability

to carry out mathematical reasoning, designing, applying, and interpreting relevant

mathematical concept in various contexts of daily life problems effectively[3], [4]. Literacy

and numeracy can develop logical and systematic thinking in understanding, analyzing,

and solving problems by applying mathematical knowledge if it is integrated into the

learning process well [5], [6]. The three main points required to support the literacy and

numeracy process in learning at school include: the obligation to carry out literacy and

numeracy, to provide platforms and opportunities for students, to acquire support and

to provide solutions to problems related to literacy and numeracy [7], [8]. Each student’s

level of ability in mastering literacy and numeracy is different depends on the situation

and requirement in the scope of their life but the knowledge in mathematics supports

the two things as well.

Some indicators of literacy and numeracy include communication (reading, writing,

describing, interpreting and formulating problems), mathematization (making changes

from contextual to mathematical forms, interpreting mathematical models and results

related to problems), representation (presenting problems in various forms such as

tables, pictures, diagrams, and graphs), reasoning and building argument (logical think-

ing process to obtain conclusion, examine and provide justification for statements that

have been created as an alternative solution to the problem), designing problem solving

strategies (the ability to design strategic plans and process of implementation in applying

mathematics as problem solving), applying formal language and symbolic operation,

technique in involving between understanding and knowledge, interpretation, manip-

ulation and symbolic expression related to the mathematical context, applying various

mathematical device in solving mathematical problems[8], [9].

The ability in literacy and numeracy is extremely essential in mathematics because

mathematics is not only always related to formula but also requires students’ powerful

reasoning or critical thinking pattern in answering each problem given. Literacy and

numeracy can also assist students to understand the role of mathematics in solving

problems related to everyday life. Based on the outcome of PISA 2018 released by the

OECD (2019), it showed that the average mathematics score of Indonesian students

stretched out 379 with an OECD average score of 487. This was revealed that the

literacy and numeracy ability of Indonesian students were still low. Apart from that, the

basis of the low literacy and numeracy ability can be influenced by several different

factors. The facts in the field are that only a small number of people employ literacy

and numeracy in everyday life. The ability to calculate as a basic mathematical concept
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may have been mastered by students but the students’ abilities are not deep enough

in applying the concepts in real condition or when they solve unstructured problems

but they ignore the problems instead. For instance, in everyday life, the lack of practice

on literacy and numeracy falls out since there are still many teachers who are unable

to assemble the questions of literacy and numeracy, especially for teachers at the

elementary school level so that the students become more accustomed to solving the

non-routine questions. Teachers tend to generate the closed questions which can be

solved directly by using formula [10], [11].

Thinking activities to solve mathematical problem requires high level thinking skill

which consists of critical thinking, logical thinking, reflective thinking, metacognitive

thinking, and creative thinking [12], [13]. These high-level thinking abilities are required

for students to live in 21st century which are mentioned as ability of Critical Thinking,

Creativity and Innovation, Communication Skills, and Collaboration Skills[13], [14]. Crit-

ical thinking ability is the ability to think systematically and acknowledge the relation

between various ideas used in solving problems[15], [16]. The ability is very essential in

solving mathematical problems [17], [18]. Critical thinking emphasizes thinking process

which has six elements, named FRISCO, Focus, Reason, Inference, Situation, Clarity and

Overview [16]. While carrying out the exercises, stepping up from the thinking about how

to formulate the problem, planning solutions, reviewing the steps for solving, creating

guess if the data presented is incomplete which requires critical thinking [19], [20].

The research findings manifest that the students with the low ability still cannot

understand themeaning of the problem presented, resulting in not meeting the indicator

achievement in literacy and numeracy ability while the students with medium ability still

have several indicators of literacy and numeracy ability that are not fulfilled, such as

ability to represent and apply symbols and language[11], [21]. The students with high

ability are able to implement the mathematical understanding to solve problems so that

they have met the indicators of literacy and numeracy abilities [16], [17].

Other researches show that the students with the highest literacy and numeracy

test scores can meet two or three indicators while the students with low literacy and

numeracy test scores only meet one of the indicators[22]–[24]. Non-fulfillment of indica-

tors is caused by errors including not writing down known and asked data information,

error in solving question, error in calculating and not writing conclusion on the answers

obtained. Most of the students’ errors in solving algebra story problems are that the

students do not convey information from the questions and what is asked[25], [26].

When the interview is conducted, the students concerned can broach the information
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in the questions. In the research, it is reported how the literacy and numeracy ability of

junior high school students who won the Olympiads solve STEAM based questions.

2. Method

The research employs qualitative approach with a descriptive analysis method which

aims to analyze and to set out the literacy and numeracy ability of Olympiad winning

junior high school student in solving STEAM based problems. The research was con-

ducted on class VIII student who won the Olympiads with a case study of a junior

high school student. The data collection techniques applied were test and interview

methods. The instruments applied are test and interview guidelines. The test includes

4 STEAM based questions, namely: science, technology, art and mathematics. The data

analysis through stages of data reduction, data presentation, and drawing conclusion.

The triangulation method applied test and interview.

3. Result and Discussion

3.1. The Result of the Research

The following is an excerpt from interview with the student related to science:

R: How did you do the question?

S: I looked at the picture and read the question, what was asked was the initial energy.

So, I calculated the energy required by the dog from the point it passed and then added

the remaining energy.

R: Where did you perceive the energy required from the point you passed through?

S: from the picture and question, there was already a number written that showed

the energy required.

Based on the student’s work and interview with the student on scientific question, the

student could read and interpreted the problem. The student knew how much energy

was required to walk from one point to another and understood what the question

asked. The student could carry out a mathematization process by recording the energy

required from the point the dog passed and then carried out the process of adding up the

energy according to the point the dog passed. The student could determine a problem

solving planned by adding up all the energy required for each point traversed and by
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Figure 1: Questions for Science.

Figure 2: Student’s Work for Scientific Questions.

adding the remaining energy. The student applied symbols and addition operation. The

following is a diagram of solving scientific question by the student.

The following is an excerpt from interview with the student related to mathematics:

R: What came to your mind when you saw the picture in the question?

S: em,…the numbers in the box are related

R: What did you mean by connection?
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Figure 3: Diagram of Process in Solving Scientific Question.

Figure 4: Question for Mathematics.

Figure 5: Student’s Work for Mathematics Problem.

S: Yes, in the third box there was a number that you didn’t know yet, you could find

it by connecting the numbers that already existed
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R: How did you find the number you were looking for (x value)?

S: I attempted to combine the numbers, until I found one that could apply to all the

numbers in the middle of the box. So, the bottom number in one box was added and

then divided by the difference in the number above in one box.

Based on the student’s outcome of the work and interview with the student on

mathematics problem, the student could read and interpreted the problem. The student

recognized that the numbers in the boxes were related. The student carried out math-

ematics by attempting to operate the numbers. The student could determine problem

solving plan by finding a formula to find the number in themiddle of the box. The student

applied symbol and operation for addition, subtraction, and division. The following is a

diagram of solving mathematics problem by the student.

Figure 6: Diagram of Mathematics Problem Solving Process.

The following is an excerpt of interview with the student:

R: How did you answer this question?

S: I read the text first and then I found out the right answer in the text.

R: Where did you find the answer?

S: in the first paragraph, it was explicated that it was Palace Batik, then it was

explicated that Batik was developed in the palace environment.

Based on the student’s work and interview with the student on questions related

to art, the student could read and interpreted the problem, the student recognized

where the answer for the question was. The student could provide arguments about

the answer obtained. The following is diagram of solving question related to art by the

student.
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Figure 7: Questions about Art.

Figure 8: Student’s Work for Art Questions.

The following is an excerpt from an interview with the student:

R: How did you answer the question?

S: em.. I read the steps in the question again and again, then I settled the steps in

the right order, namely 1,2,3,5,7, 4 and 6
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Figure 9: Diagram of Solving Process for Questions Related to Art.

Figure 10: Questions about Technology.

Figure 11: Student’s Work for Technology Question.

R: had you ever switched from your phone to your laptop?

S: Yes, I had done that

Based on the outcome of the student’s work and the interview with the student

on question related to technology, the student was able to read and interpret the

problem. The student answered the question based on experience with switching from

smartphone to laptop without cable. The student could provide argument about the

answer obtained. There were students who were reversed in determining the order the

switching steps. The following is diagram of solving scientific question by the student.
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Figure 12: Diagram for Solving Problem Process Related to Technology.

3.2. Discussion

Based on the outcome of the student’s work and interview about science, not all indica-

tors of literacy and numeracy ability were achieved. Indicators which were not achieved

were representation and applyingmathematical devices[10], [27]. For mathematics ques-

tion, the indicators for representation and applying mathematical devices were also not

achieved. Meanwhile, for questions related to art and technology, several indicators,

including representation, mathematization, and applying mathematical device, were

not acgieved. This was not in accordance with the research outcome which showed

the student with high ability was able to implement the mathematical understanding

to solve problem so that she had achieved the indicators of literacy and numeracy

ability. Several literacy and numeracy indicators were not achieved due to the form of

questions. The process of solving STEAM based questions by the student with various

strategies according to the type of question[28], [29]. The student did not write down the

information on the question and what was asked but when the interview was conducted,

the student was able to mention the information on the question, this was in accordance

with the previous research [21], [22].

4. Conclusion

Based on the outcome of data analysis, it can be concluded that the student is able

to communicate, mathematize, think logically, and provide arguments. The student can

also design problem solving plan, can use symbol and operation. The student created

error in working on question related to technology. There were second and third step

that were reversed. Several literacy and numeracy indicators were not achieved due to
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the form of questions. The process of solving STEAM based questions by the student

with various strategies according to the type of question.
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