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Abstract. This research is aimed to describe the effectiveness of rigorous mathematical thinking on mathematical 

problem solving. Rigorous mathematical thinking is a learning approach based on theory of psychological tools by 

Vygotsky and theory of mediated learning experience by Feurstein. Theory of psychological tools in rigorous 

mathematical thinking describes the mathematical psychological tools of tables, graphics, cartesian coordinates, and 

number lines that can be used to connect concepts in mathematics. Theory of mediated learning experience describes 

the existence of mediation in the learning process. Mediation is effected through three principles: intentionality, 

transcendence, and mediating of meaning. This research investigate the students’ problem solving competency before 

and after learned by using rigorous mathematical thinking. The implementation of this research was conducted on the 

students of 8th grade in one of Junior High School in West Bandung Regency. From ten classes, randomly were selected 

one class as experiment class, and one class as control class. The method in this research was quasi experiment research 

with non-equivalent control group design. The instrument in this research is pre-test, worksheet and post-test about 

problem solving of mathematics and observation guidelines. Based on the research, it can be conclude that rigorous 

mathematical thinking effective to improve mathematical problem solving. The use of psychological tools and 

mediation with criteria of intentionality, reciprocity, transcendence and mediated of meaning on rigorous mathematical 

thinking helps students in developing condition in mathematical problem solving. This achievement contributes to the 

development of integrated learning design on students mathematical problem solving. 
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I. INTRODUCTION 

The purpose of mathematics education in schools according to the Ministry of Education [1] is expected to 

contribute in supporting the achievement of the competence of primary and secondary education graduates, 

including students are able to: (1) understand the concept and apply the procedures of mathematics in everyday 

life; (2) make generalizations based on existing patterns, facts, phenomena, or data; (3) performing mathematical 

operations for simplification and analysis of existing components; (4) make a mathematical reasoning which 

includes making allegations and verifying them; (5) solve problems and communicate ideas through symbols, 

tables, diagrams, or other media to clarify circumstances or problems; (6) cultivate positive attitudes such as 

logical, critical, meticulous, and not easily give up in solving problems. 

Based on the purpose of learning mathematics presented the Ministry of Education appears that the direction 

or orientation of learning mathematics is problem solving. National Council Supervisors of Mathematics [2] states 

that learning to solve problems is the main reason why children should learn math. In this sense, learning to solve 

problems is seen as the goal of learning mathematics. The Ministry of Education of Singapore (MoE) [3] also 

emphasizes that problem-solving approaches become the focus of mathematics learning in schools. NCTM [4] 

also calls for problem-solving to be the focus of math in schools. This is understandable because by learning to 

solve problems, students have the opportunity to experience and experience the process of building knowledge 
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and skills which in turn can be applied to solve problems both in the context of mathematics itself and in other 

contexts. 

Therefore, problem solving becomes an important focus in the school's mathematics curriculum from 

elementary to high school. The importance of problem solving skills as students learn math is in line with Lester's 

[5] statement that "problem solving is the heart of mathematics". Problem solving is the heart of mathematics, 

because through problem solving, students build their own knowledge, in addition to learning to link between 

concepts or principles that already have and correspond to the problems it faces. 

De Corte, Depaepe, and Verschaffel [6] say that the lack of mathematical problem-solving skills of students 

because learning mathematical problem solving is one of the most difficult tasks to handle, requiring the use of 

many skills. As a result many students do not have confidence when dealing with mathematical problems [7]. 

As for the problem solving indicator to be examined on this research are: ability to identify the elements that 

are known, asked, and the scope of the required elements; ability to create and develop mathematical models, 

including the ability to formulate problems of everyday situations in mathematics; ability to choose and develop 

problem-solving strategies; ability to explain and verify the answers obtained, including the ability to identify 

calculation errors, misuse of formulas, check the match between what has been discovered and what is being 

asked, and can explain the truth of the answer. 

Many factors can affect students' matermatic problem-solving abilities. In the practice of learning one of the 

teacher's efforts is to choose a learning approach that is able to facilitate active student activities in using their 

mathematical problem-solving abilities. One of the learning approaches that can develop students' mathematical 

problem solving abilities is the Rigorous Mathematical Thinking approach. 

Rigorous Mathematical Thinking (RMT) is one of the approach of learning which is based on approach of two 

big theories, namely theory psychological tools from Vygotsky and theory of mediated learning experience from 

Feurstein. This approach emphasizes the interaction and mediation between teachers and students resulting in a 

good understanding of the material presented to further transform and conceptualise and emerge into bound and 

interrelated ideas [8]. Vygotsky [9] finds something that plays an important role from the individual when 

constructing knowledge that he calls a tool. Mathematical Psychological Tools (MPT) [10] can organize and 

integrate the basic concepts that students need so they can make generalizations and abstractions, and in this 

research MPT delivers students to problem-solving abilities. 

Theory of Mediated Learning Experience from Feuerstein describes the existence of mediation in the learning 

process. Mediation is done through three principles [11], namely intentionality and reciprocality, transcendence, 

and mediating of meaning. Mediation on RMT provides an important role to bridge misconceptions and 

perceptions of a material, concept, or a problem. Therefore, the RMT approach is expected to contribute to 

improving students' mathematical problem solving. 

Based on several studies that have been done before, rigorous mathematical thinking approach is considered 

able to improve students' critical and creative thinking in mathematics. Therefore, on this occasion the author 

intends to try to examine the effect of rigorous mathematical thinking approach on students' mathematical problem 

solving abilities in junior high school in 8th grade on the surface area material on the rise of flat side space. Based 

on the explanation above, the purpose of this study is to describe the effectiveness of rigorous mathematical 

thinking on students' mathematical problem solving ability. 

II. METHOD 

The method used in this study is the experimental method through quantitative approach with Quasi-

Experimental Design. Subjects examined in this study were students of junior high school. The population in this 

study were all students of 8th grade in one of the Junior High School in West Bandung regency. The selected 

sample is as much as two classes. Then the selected classes, where one class as a class experiment that got rigorous 

mathematical thinking approach and one other class as the control class. The sampling technique used in this 

research is to use the purposing sampling, which means making the subject of research based on the consideration 

of a person or researcher. This is done because it is based on results of field observations, sampling is possible 

can’t be done randomly. School students have grouped such that each class has similar characteristics. 

The variable is an object or a focal point of research. Variables contained in this research was twofold 

independent variables and the dependent variable. The independent variables are factors that have to look for a 

relationship or influence on the observed subject. In this study, the independent variable is rigorous mathematical 

thinking approach. The dependent variable is the variable that is affected by the independent variable. In this 

study, the dependent variable is the problem-solving ability. 

Data obtained from the research results in the form of quantitative data. Collected data will be processed and 

an analysis of these data to test the hypothesis of the study. Quantitative data obtained from the results of pre-test 

and post-test results. The data obtained is analyzed using the mean difference test, which is the t-test. 
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III. RESULT AND DISCUSSION 

Analysis of pre-test was processed using SPSS software version 20. Each experimental class and control class 

consist of 36 students. It will be done is to show that the initial ability of students in the experimental class and 

control class is the same. Descriptive analysis of students' mathematical problem solving ability is presented in 

the table below. 

Table 1. Statistics Data Description Pre-test and Post-test 

Group N Min. Max. Mean Std. 

Deviation 

Experiment 

 

 

 

Control 

Pre-test score  

(Maximum score = 32) 

Post-test score  

(Maximum score = 32) 

Pre-test score  

(Maximum score = 32) 

Post-test score 

 (Maximum score = 32) 

36 

36 

 

36 

36 

0 

21 

 

0 

14 

13 

31 

 

14 

26 

9.58 

27.58 

 

9.75 

20.92 

3.73 

3.07 

 

3.81 

4.78 

Based on Table 1, it appears that the average pretest grade between the experimental class and control class is 

not much different. The average of the experimental group is lower than the control group by 0.17. As for the 

posttest score, the experimental group is higher than the control group by 6.66. From this, it can be seen that the 

descriptive posttest result of mathematical problem solving ability of experiment group is better than control 

group. 

After knowing the descriptive statistics, then is doing inferential statistical analysis. Based on data posttest 

mathematical problem solving ability known that the data is normal distribution but not homogeneous. Therefore, 

the average difference test used is using the t-test. The test results are presented in the table below. 

Table 2. T-test mathematical problem solving ability 

Test Statistics Post-test 

t 3.517 

df 46.777 

Asymp Sig. (2-tailed) 0.001 

Based on Table 2, it appears that the significance value (sig 2 tailed) is 0.001, because the test used is 1-tailed 

test then the significance value (sig 1-tailed) is 0.5 x 0.001 = 0.0005. Note that the significance value is less than 

α = 0.05 so the decision taken is reject H0. It can be concluded that at the specified level of significance, the 

achievement of students' mathematical problem solving ability that get the rigorous mathematical thinking 

approach is better than that of students who have an scientific approach. 

The average value is 27.58 posttest experimental class with the lowest score 18 and the highest score Maximum 

Score Ideal 30 of 32. The average value is 20.92 posttest control group with the lowest value of 12 and the highest 

value of Score Maximum 26 Ideal worth 32.  

Research related to mathematical problem solving ability of students who performed at one of the first 

secondary school in West Bandung regency, use of teaching materials in the form of student worksheets and 

worksheets groups. Here's a picture of students' work on the material surface area of the prism. 
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Figure 1. Sample of Student Work  

In the material surface area of the prism, as shown in Figure 1, students are given a picture of objects in the 

form of various prisms, their webs, and asked to find the area of the forming through the table provided. Then, 

with knowledge of triangles, rectangles, trapezids, students are invited to construct a comprehensive formula of 

the surface area of pyramids in general. Of course, at the beginning of the teacher's learning has apperception of 

the flat wake. 

One of the characteristics of rigorous mathematical thinking approach is able to develop students' 

mathematical problem solving abilities, namely the use of psychological tools as a tool in helping students 

understand and associate the learned mathematical concepts. Using psychological tools in classroom math 

learning such as symbols, graphics, drawings, or diagrams that represent a concept will help students in 

generalizations and mathematical abstractions. This will make it easier for students to understand the concepts 

and connect new ideas they know with the knowledge already possessed previously [12]. 

 (Rafif makes home-based toys from plywood as shown in 

the picture on the side. The size of the bottom of Rafif's 

house is 40 cm × 40 cm × 50 cm. The house height is 65 

cm, while the size of the doors and windows is 10 cm × 15 

cm and 15 cm × 10 cm respectively. In order to look more 

beautiful, Rafif plans to paint the surface with blue paint. 

What is the surface area of the house that will be painted 

Rafif? 

a) Write down what information you know from the 

aboveproblem! 

b) Describe the settlement of the problem!) 

 

 

Figure 2. Problem solvings’ question 

Figure 2 is given a problem-solving problem concerning the combined surface area between quadrilateral 

prism and pyramid. Students are asked to explore what information they get from the problem, and also describe 

and solve the problem-solvings’ question. 
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Figure 3. Sample of student’s answer 

Figure 3 is a post test result of one of the students in the experimental group. The student be able to identify 

the elements that are known, asked, and the scope of the required elements and students being able to choose and 

develop problem-solving strategies. One example problem solving is given after the students learn some of flat 

combined into a single entity, a given word problems still associated with everyday life, so that math was close to 

the real life of students. Students can solve the problem of the surface area of a flat side room through a 

combination of several rectangular areas, triangular area and phytagoras concept. 

Errors that many students do in first question (figure 2) is errors in performing on the reduction operation. This 

is becaused by inaccuracy of students in thinking to solve the problem. While most of doing wrong concept in 

phytagoras and errors in performing on multiply and reduction operation. 

The other question is “A developer company creates a family entertainment venue by building a miniature of 

the wonders of the world. A plot of land measuring 10 m × 10 m is prepared to build a miniature pyramid that 

will be filled with sand. The peak of the pyramid to be built must be higher than the miniature of Borobudur 

Temple which is 19 m high. if the developer company only provides 600 m3 of sand. Do you suppose that the 

supply of sand would be enough to fill the pyramid's miniature?” 

 

Figure 4. Sample of student’s answer 

Figure 4 show that the answer of students’ moderate category. Student be able to identify the elements that are 

known, but doing something wrong in create and develop mathematical models. She being able to choose and 

develop problem-solving strategies, but can’t explain the truth of the answer. She only implement two of indicators 

of mathematical problem solving. While student in low category, they only be able to identify the elements that 

are known. The other indicator of mathemathical problem solving can’t be held by them.  

Each learning activity after students find and develop their own concept of understanding the material, students 

are given exercises that are repetition and problems solving. After that, students can apply these steps to solve the 

problem themselves, discussing, writing, speaking, or presenting the results in front of the class.  

In learning using rigorous mathematical thinking approach, material and concepts are not taught separately or 

as an independent. The systemic nature of mathematical knowledge is delivered by many didactic approaches. 

The characteristics of rigorous mathematical thinking in its emphasis on systemic organization of mathematics, 

learning activities, and the rise of higher cognitive functions. Rigorous mathematical thinking considers that 
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mathematical knowledge is not only discrete ideas, operations, and procedures but also structures that are related 

to each other. 

Rigorous mathematical thinking provides a framework on how mathematics is taught through mediations at 

each stage of learning. By mediation, learners are invited to think of rigor as a focus and perception sharpness; 

clarity and completeness in the definition, conceptualization and representation of important attributes; precision 

and accuracy; and depth of understanding and understanding [10]. Mediation on rigorous mathematical thinking 

provides an important role to bridge misconceptions and perceptions of matter, concepts, or problems. 

Mediation in rigorous mathematical thinking is done by principles: intentionality and reciprocality, 

transcendence, and mediating of meaning. The principle of intentionality is a principle that involves the interaction 

between teachers and students so that students focus on the learning objectives to be achieved, maintain student 

attention, and make tasks accessible to students. Intensiity is achieved by monitoring the needs of students, 

skilfully maintaining their attention, providing various techniques for learning materials that are appropriate to 

students' perceptions and activities, making students realize that learning is not an accidental process but a 

deliberate overall process. In this mediation, the aspect of the mathematical problem-solving ability that can be 

developed is to identify the concept and provide a reason for the use of the concept. This is supported by the 

theory put forward by Piaget, the knowledge constructed by students formed through interaction with the 

environment through the process of assimilation (the process of using or changing the environment so that it can 

be placed in pre-existing cognitive structures) and accommodation (the process of altering the cognitive structure 

to receive something from the environment) [13]. 

Furthermore, for the principle of transcendence, in this principle the teacher establishes the way for students 

to be able to understand the learning materials more broadly. The transcendence criteria can make students more 

explore what has been done with teacher guidance as a mediator for the next students who can be active in making 

their own learning strategies in building many ideas in solving problems. This is in line with Vygotsky's theory 

[14] that in achieving ZPD students requires assistance (scaffolding) so that assimilation and accommodation 

processes go well. The principle of mediation of meaning, which provides motivational reasons behind every step 

of the learning process. This is done in order to arise the belief that the material taught is directly related to the 

lives and experiences of the students. This is in same way with Ausubel's meaningful learning theory, Ausubel 

believes that meaningful learning involves the introduction of the relationship between concepts, he has the 

privilege of being transferred to long-term memory and meaningful new information as far as can be attributed to 

what is already known [15]. 

In other words, the principle of intentionality and transcendence emphasizes how concepts or learning 

materials are understood by students. Whereas the principle of mediation of meaning emphasizes the reason why 

the concept is learned or why a concept works.  

IV. CONCLUSIONS  

Based on the research, it can be conclude that rigorous mathematical thinking effective to improve 

mathematical problem solving. The use of psychological tools and mediation with criteria of intentionality, 

reciprocity, transcendence and mediated of meaning on rigorous mathematical thinking helps students in 

developing condition in mathematical problem solving. This achievement contributes to the development of 

integrated learning design on students mathematical problem solving. 
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