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Abstract. Mathematics play an important role in life. It is used as a tool to describe dependencies and provide solutions 

for real world problems. This article aims to describe the urgency of students’ mathematical literacy, reasoning, and 

metacognition skill being analyzed. In the development of the era, mathematical literacy became the focus in learning 

mathematics. Mathematical literacy includes seven aspects to be considered: communication, mathematising, 

representation, reasoning-argument, devising strategies for solving problems, using symbolic, and using mathematical 

tools. As one of mathematical literacy’s aspect we should increase mathematical literacy through increasing reasoning skill. 

In improving reasoning can be done by improving metacognition skills the processes that monitor our cognitions are low 

level, implicit, and cue based, even in activities, such as reasoning, that rely extensively on explicit, deliberate thought. 
Thus, analyze students’ mathematical literacy, reasoning, and metacognition skill is needed. 
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INTRODUCTION 

Mathematics is a basic and critical foundation subject. In a formal educational perspective, mathematics is taught 

from first grade through high school. The purpose of learning mathematics may be to enter higher education or prepare 

for employment. In an informal education perspective, people would learn basic mathematics from family members 

for mathematics application in daily life before entering school; for example, learning the names of numbers and how 

to count and  use  money.  Mathematics  is  not  only learned in school but applied in daily activities. Therefore, 

methods of connecting school mathematics and life has become a priority in designing school mathematics curriculum. 

Research on mathematical literacy has become an issue in mathematics education. Based on PISA’s definition, 

mathematical literacy is an individual’s capacity to formulate, employ, and interpret mathematics in a variety of 

contexts. It includes reasoning mathematically and using mathematical concepts, procedures, facts and tools to 

describe, explain and predict phenomena. It assists individuals to recognise the role that mathematics plays in the 

world and to make the well-founded judgments and decisions needed by constructive, engaged and reflective citizens 

[1].   

Mathematical literacy is used to indicate the ability of mathematical knowledge and skills in school curriculum. 

Mathematics is wider uses, such as  taking a point of view and appreciating things expressed numerically. Kramarski 

defined Mathematical literacy is assessed by giving students task based on problem encountered in real life which 

represent on the situation [2]. Beside that, mathematical literacy can be defined as a bundle of knowledge, skills, and 

values that transcend the difficulties arising from cultural differences and economic inequalities because mathematics 

and mathematics education themselves are not seen as culture-bound and value-driven. Mathematical literacy is 
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connected to learning how to think, but not to learning what to think about [3]. Learning how to think, or known as 

metacognition skill, refers to people’s knowledge of their own information processing skill, nature of cognitive task’s 

knowledge, include monitoring skill and self-regulation of own cognitive activities [4].  

Reasoning is one of mathematical literacy’s factor that related with metacognition, or we can call it meta-reasoning. 

In this research we will discuss about mathematical literacy, reasoning, metacognition skill and the urgency of 

students’ mathematical literacy, reasoning, metacognition skill analysist. 

MATHEMATICAL LITERACY 

Mathematical literacy is an individual’s capacity to formulate, employ, and interpret mathematics in a variety of 

contexts. It includes reasoning mathematically and using mathematical concepts, procedures, facts and tools to 

describe, explain and predict phenomena. It assists individuals to recognize the role that mathematics plays in the 

world and to make the well-founded judgments and decisions needed by constructive, engaged and reflective citizens 

[1]. 

The work of Mogens Niss et al [5-7] identified eight capabilities that are instrumental to mathematical behavior. 

The PISA 2015 framework uses a modified formulation of this set of capabilities, which condenses the number from 

eight to seven based on an investigation of the operation of the competencies through previously administered PISA 

items [8]. There is wide recognition of the need to identify such a set of general mathematical capabilities, to 

complement the role of specific mathematical content knowledge in mathematics learning. Prominent examples 

include the process standards in the national Council of teachers of Mathematics (NCTM) Principles and Standards 

for School Mathematics [9] (NCTM, 2000). These cognitive capabilities are available to or learnable by individuals. 

In order to understand and engage with the world in a mathematical way, or to solve problems. As the level of 

mathematical literacy possessed by an individual increase, that individual is able to draw to an increasing degree on 

the fundamental mathematical capabilities [10]. Thus, increasing activation of fundamental mathematical capabilities 

is associated with increasing item difficulty.  

The seven fundamental mathematical capabilities are:  

1. Communication. Students’ are stimulated to recognize and understand a problem. Reading, decoding and 

interpreting statements, questions, tasks during the solution process, intermediate results may need to be 

summarized and presented. Later on, once a solution has been found, the problem solver may need to present the 

solution, and perhaps an explanation or justification, to others. 

2. Mathematising. Structuring, conceptualizing, making assumptions, and formulating a model, evaluating a 

mathematical outcome or a mathematical model. Mathematising is used to describe the fundamental mathematical 

activities. 

3. Representation. Representations of mathematical objects and situations can entail selecting, interpreting, 

translating, and using a variety of representations (such as graphs, tables, diagrams, pictures, equations, formulae, 

and concrete materials) to capture a situation, interact with a problem, present the work.  

4. Reasoning and argument. Reasoning and argument involve logic processes that explore and link problem elements 

to make inferences, checking a justification, or providing  justification of statements or problem solutions. 

5. Devising strategies for solving problems. Set of critical control processes guide that recognize, formulate and solve 

problems. Selecting or devising the mathematics problem solving strategy arising from a task or context. The 

capability can be demanded at the problem solving process.  

6. Using symbolic, formal and technical language and operations. It involves understanding, interpreting, 

manipulating, and making use of symbolic expressions and also understanding formal constructs based on 

definitions, rules and formal systems and using algorithms. 

7. Using mathematical tools. Mathematical tools can be used as measuring instruments, such as calculators and 

computer-based tools that are becoming more widely available.  

There are characteristic that a student should reach the state of mathematical literacy, there are [11]: 

1. Students, could increase their ability to work out opportunities as well as limitations of mathematics. 

2. Students’ ability and desire to judge real-world usage of mathematics. 

3. Students intensify the continuous reflection of their own relation to mathematics. 

4. Students’ capability to distance them from parts of mathematics and its application with a well-founded reasoning. 
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Mathematics does play a very important role in today’s world. It is used as a tool to describe dependencies and 

provide solutions for real world problems. Moreover, embedded in technology, mathematics does shape our world; it 

has become both ‘systemic’ and part of the world we experience. Often, this is unconsciously influencing our human 

thinking and acting [13], increasing mathematical literacy should influence students’ life. There are one of factors that 

important to increase mathematical literacy, reasoning skill. 

 

Reasoning 

Kilpatrick, et al defined mathematical reasoning as an ability to formulate and represent a given mathematics 

problem, explain and justify the solution [13]. Reasoning skills are important, there are component of education and 

necessary for understanding mathematics in particular, and presenting an important means of developing ideas [9]. 

Secondary school students must be able to evaluate conjectures and assertions, to reason deductively and inductively 

by formulating mathematical assertions, and to develop and maintain their reasoning skills.  

Malloy described that individuals may use more than one reasoning approach in problem-solving situations. 

Moreover, their ability to use these approaches and reasoning skills is closely related to the depth of their conceptual 

knowledge and to their corresponding associative skills [14]. 

Reasoning and argument explain, defend or provide a justification for the identified or devised representation of a 

real-world situation. Or a justification for the processes and procedures used to determine a mathematical result or 

solution. It also connecting pieces of information to arrive at a mathematical solution, make generalizations or create 

a multi-step argument. Reflect on mathematical solutions and create explanations and arguments that support, refute 

or qualify a mathematical solution to a contextualized problem [1]. 

Reasoning is one of mathematical literacy’s factor that contribute to students’ mathematics competencies. Students 

need to know their competencies, they could realize it with metacognition skill. 

Metacognition 

Metacognition is introduced by John Flavell, who defined metacognition as thinking about one’s own thinking. 

Flavell described metacognition from a developmental perspective where we learn to monitor our thinking by knowing 

what to monitor (metacognitive knowledge) which grows out of experience, setting goals to achieve understanding 

and activating strategies to reach goals and evaluate one’s progress [15]. Major of metacognition categories are 

metacognitive knowledge, metacognitive experiences, and metacognitive skills [16]. Flavell describe metacognitive 

knowledge about memory includes explicit, conscious, and factual knowledge about the importance of person, task, 

and strategy variables for memorizing and recalling information. Metacognitive experiences can be described as a 

person’s awareness and feelings appeared when doing problem-solving task and metacognitive skills play a role in 

cognitive activities like oral communication, reading comprehension, attention, and memory [17]. 

Kluwe defined the concept of ‘metacognition’ : (a) the thinking subject has some knowledge about his own 

thinking and that of other persons; (b) the thinking subject may monitor and regulate the course of his own thinking, 

i.e. may act as the causal agent of his own thinking” [18].  

Nelson and Narens [19] subdivided the kinds of monitoring judgments into three categories:  

1. Ease-of-learning (EOL) judgments occur in advance of acquisition, are largely inferential, and pertain to items that 

have not yet been learned. 

2. Judgments of learning (JOL) occur during or after acquisition and are predictions about future test performance 

on currently recallable items. 

3. Feeling-of knowing (FOK) judgments occur during or after acquisition and are judgments about whether a given 

currently nonmalleable item is known and/or will be remembered on a subsequent retention test. 

Swartz and Perkins defined metacognition as a crosscutting superordinate kind of thinking relevant to all the 

others", which refers to "one's knowledge about, awareness of, and control over one's own mind and thinking [20]. 

There are 6 metacognition leveling based on thinking awareness and will be increase appropriate with students’ 

metacognitive activities, such as : 

1. Tacit use stage : Student can’t give explanation , nor knowing the substance of their words. They didn’t know their 

weakness, solving the problem by trial and error. 
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2. Aware use stage : Student getting confuse when facing the problem, make decision with a reason, weak-awareness, 

knowing what they didn’t know.  

3. Semi-strategic use : students realize there are problem solving, try checking their mind’s business, realize their 

mistake but they didn’t know how to solve it, showing their hesitation. 

4. Strategic use ; Student realize their abilities, validating their knowledge, using strategies for building awareness. 

5. Semi-reflective use : Student can be able to solve the problem, checking the result, realizing the ability. 

6. Reflective use : Student will always check their problem solving step, revise, and evaluate the result. 

Students should focus in several thing to increase metacognitive, that are metacognitive ability which is  important 

because it produces the powerful knowledge that enables students to control their learning by demonstrating a 

conscious application of cognitive strategies [22] , such as : 

1.Conscious engagement. 

2.Reflective education.  

3.Greater experiential learning  

4.Enhanced thinking.  

5.Deep learning.  

6.Greater accountability.  

7.Long-life learning [23-24] 

There are some question that can prompt students to reflect on the problem/task before solving it such as: “What 

is the problem/task all about?”, “What is the question”?, “What are the meanings of the mathematical concepts?”. 

Connection questions that can prompt students to focus on similarities and differences between the problem/task they 

work on and the problem/task or set of problems/tasks that they had already solved such as: “How is this problem/task 

different from/similar to what you have already solved? Explain why.” The strategic questions were designed to 

prompt students to consider which strategies are appropriate for solving the given problem/task and for what reasons. 

In addressing the strategic questions, students had to describe the what, the why, and how [25].  

Urgency of  Mathematical Literacy, Reasoning and Metacognition Skill being Analysed 

Mathematics does play a very important role in today’s world. It is used as a tool to describe dependencies and 

provide solutions for real world problems. In the development of the era, mathematical literacy became the focus in 

learning mathematics. Mathematical literacy includes seven aspects to be considered: communication, mathematising, 

representation, reasoning-argument, devising strategies for solving problems, using symbolic, and using mathematical 

tools. In improving the ability of mathematical literacy it is necessary to increase these aspects, one of which is 

reasoning, in increasing the reasoning where reasoning in mathematics offers a way to develop and express 

understanding of phenomena. Someone who reason and think analytically tends to note patterns, structures, and 

regularities in both mathematics and the real world. Through mathematics, students can create and investigate 

conjectures, develop arguments and verification [26]. 

In improving reasoning can be done by improving metacognition skills, such as research conducted by Ackermen 

and Thompson that the processes that monitor our cognitions are low level, implicit, and cue based, even in activities, 

such as reasoning, that rely extensively on explicit, deliberate thought. Their observation leads to an apparent paradox 

in that deliberate, analytic thinking may be initiated and terminated in response to unconscious, implicit cues. As such, 

we argue that understanding is terminated prematurely or unnecessarily extended [27]. 

Students' metacognition skill that becomes a quite influential effect in learning where students are able to realize 

its ability, especially reasoning skill and mathematical literacy. Therefore it is necessary to conduct an analysis or 

research on students' mathematical literacy, reasoning and metacognition skills, which are expected to be able to 

measure and make the foundation in learning and also as a measure of the success of student learning process. 

CONCLUSION 
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Mathematical literacy, reasoning and metacognition skills become an important aspect not only for the 

learning process of mathematics but also in daily life therefore it is necessary to hold the analysis of these three 

variables in order to be considered in the learning process as well as measuring the results of the learning process 
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