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 This study aimed to determine the effect of applying van Hiele's 

theory using a Think Pair Share (TPS) cooperative learning model on 

students' mathematical thinking levels. Following the research 

objectives, the researchers used experimental and quantitative 

research methods. In this study, two sampling techniques were used, 

namely using, purposive and random samples. Based on the 

sampling technique, class VIII F is the experimental class, and class 

VIII G is the control class with 32 students each. Based on the results 

of the analysis, it was found that the level of students' mathematical 

thinking after the implementation of van Hiele's theory used the TPS 

type cooperative learning model with an average post-test score of 

63.38, which was considered sufficient, and based on the results of 

hypothesis testing using  t-test calculations, t-count = 3.825 > t-table 

= 2.04. This means that applying van Hiele's theory utilizing a Think 

Pair Share (TPS) cooperative learning model affects the level of 

students' mathematical thinking. 
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1. INTRODUCTION  

The quality of students' thinking is different, and the quality of students' thinking in 

mathematics can be seen in the way students think and solve a problem. The thinking 

process carried out by students in solving problems uses inductive and deductive methods 

depending on the thinking skills they have. Deductive way of thinking that distinguishes 

mathematical thinking from other ways of thinking. According to Mason [1], [2], 

mathematical thinking is a dynamic process that expands the scope and depth of 

mathematical understanding. In this process, a specialization process is carried out 

(specialization, paying attention to some exceptional cases or examples), a generalization 

https://creativecommons.org/licenses/by-sa/4.0/
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process (generalizing, focusing on a larger group of examples, looking for patterns and 

relationships), guessing (making guesses about the problem at hand, predicting 

relationships and outcomes), and belief (building beliefs about the understanding that has 

been built, looking for and communicating reasons why something is true). 

A preliminary study of students at SMPN 1 Tengah Tani using interviews, 

questionnaires and tests found that the level of mathematical thinking possessed by 

students was still lacking, and geometry lessons were the subjects that students disliked the 

most because of monotonous learning using the methods that what had used so far. To 

develop thinking skills in mathematics, what can support it needs to be considered. 

Mathematical thinking skills can be supported by creating an atmosphere where self-

confidence can grow, which is necessary but not enough[3]. 

In several studies, it is stated that the evidence in the field shows that the learning 

outcomes of geometry are still low and need improvement [4], [5]. In fact, among the 

various branches of mathematics, geometry occupies a position of the most concern [6]. It 

was found that there are still many junior high school students who do not understand the 

concepts of geometry. In addition, geometry is a material that is difficult to master after 

fractions and math problems in the form of stories [7], [8], and there are still many junior 

high school students who do not understand geometric concepts [9]–[12]. 

Mathematics lessons have several theories educators can apply to convey their 

material, one of which is van Hiele's theory. Van Hiele's theory, developed by Pierre Marie 

van Hiele and Dina van Hiele-Geldof around the 1950s, has been internationally 

recognized and has strongly influenced geometry in schools. Practical application of van 

Hiele's theory to improve the quality of students' thinking [13]–[15]. Van Hiele explained 

the stages of students' thinking (cognitive) level in geometry, namely: introduction (level 

0), analysis (level 1), sorting (level 2), deduction (level 3), and rigour/accuracy (level 4) 

[10]. In each stage in van Hiele's theory, students are expected to be able to develop their 

way of thinking from essential to complex stages [14]–[17]. 

Mathematical thinking levels include knowledge, use of concepts, problem-solving, 

and reasoning or analysis. In this case, the development in understanding mathematical 

concepts is contained in van Hiele's learning theory as a theory to find out the 

mathematical thinking possessed by students to create an effective learning process in the 

realm of geometry. A meaningful mathematics learning process is a way to develop 

students' mathematical thinking [18]. Therefore, it is hoped that van Hiele's learning theory 
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is expected to be able to apply the principles and stages. Several studies that have been 

conducted have proven that the application of van Hiele's theory has a positive impact on 

learning geometry and provides an increase in students' mathematical thinking 

patterns[19]–[21].  

A meaningful mathematics learning process is a way to develop students' 

mathematical thinking. Therefore, it is hoped that van Hiele's learning theory is expected to 

be able to apply the principles and stages. In addition, a learning process requires a suitable 

learning model to convey the learning objectives. One of the learning models that can be 

used is the cooperative learning model. The cooperative learning model is a learning model 

that consciously and systematically combines interactions between students as a life 

practice in actual society [22], [23]. Think Pair Share (TPS) is a suitable method that gives 

students time to think, respond, and help each other [24], [25]. 

Several studies that have been conducted have proven that the application of van 

Hiele's theory has a positive impact on learning geometry and provides an increase in 

students' mathematical thinking patterns. Looking at the problems that arise, namely the 

lack of understanding of students' geometric concepts and van Hiele's theory is believed to 

impact geometry learning positively. So it is necessary to conduct empirical studies to 

prove its means of research. 

 

2. METHOD  

For the research objective, namely, to determine the effect of the application of van 

Hiele's theory using the TPS type cooperative learning model on students' mathematical 

thinking levels, the researchers used a quantitative experimental approach. The design used 

is a static group comparison. In this design, there are already other groups as external 

standards. The research design was carried out by testing all respondents who were used as 

samples or experimental classes in this study. The population in this study were all 

students of class VIII MTs KHAS Kempek totalling 256 students. Researchers used two 

sampling techniques, the first using a purposive sample and the second using a random 

sample. 

The purposive sampling technique was carried out by looking at several 

considerations based on school regulations, namely the separation of male and female 

classes. For male classes, teachers are only for men, while for female classes, there is no 

regulation. Because of these considerations, the researcher took a sample of the female 
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class. After agreeing with the school, the researcher used a second sampling technique, 

namely random sampling or lottery. This sampling is done by writing the name of the 

class, which consists of four groups, namely E, F, G, and H; then the paper is rolled up, 

and one of the papers and papers that already contains the written class name, in this case, 

the class that will be sampled in the study. So that the obtained class VIII F as the 

experimental class, class VIII E as the experimental class, and class VIII G as the control 

class.  

The research instrument used to collect data is a test instrument (Post-test), which is 

a test used to measure students' mathematical thinking levels after using van Hiele's theory 

with the Think Pair Share (TPS) cooperative learning model and a questionnaire used to 

determine student responses to the application Van Hiele's approach uses the Think Pair 

Share (TPS) cooperative learning model.. 

 

3. RESULTS AND DISCUSSION 

The test was carried out in the experimental class with 32 students participating. 

The calculated test results obtained the average test score was 63.38 with a standard 

deviation of 12.68. In addition, who calculated the post-test results in the control class and 

the average test score was 48.75 with a standard deviation of 12.73. The maximum score 

obtained is 73 achieved by a student, and the minimum score obtained is 27, owned by four 

students.  

After knowing the average value of each class, it is necessary to compare it with the 

ideal standard curve to determine the average trend of the data. Based on the known data, a 

comparison table of the average value with the standard curve of the ideal criteria [26] can 

be made as follows: 

 

Table 1. Comparison of Average Value with Normal Curve 
Class Type Test type Score Comparison Criteria 

Experiment Post test 63,38 High 

Control Post test 48,75 Moderate 

 

After the comparison, based on table 1 it can be seen that the post-test scores in the 

experimental class are more significant than those in the control class. The experimental 

class is included in the high criteria, while the control class is included in the moderate. It 

can be concluded that learning using van Hiele's theory combined with a Think Pair Share 

(TPS) cooperative learning model produces more optimal learning. 
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After knowing the average value in the experimental class is greater than the 

control class. Students are grouped based on the level of mathematical thinking according 

to van Hiele's theory. Data on the level of mathematical thinking of experimental class 

students as a whole are presented in the following table: 

 

Table 2. Student's Mathematical Thinking Level Data 
Van Hiele's Level of Thinking The number of students 

Level 0 (recognition) 5 

Level 1 (analysis) 10 

Level 2 (sequence) 17 

Total students 32 

 

Based on table 2, it can be seen that most of the students have reached level 2. This means 

that students are at an advanced stage in the sequence process. 

A good learning process will produce good results as well. At least two critical 

aspects are needed to structure mathematics learning: the nature of mathematics and the 

level of development of students' mathematical thinking. The nature of mathematics is 

abstract, axiomatic, symbolic and deductive, which are generally difficult for students to 

understand. In this case, the teacher's role is very significant in the success of student 

learning by adjusting the concept of learning mathematics based on the level of 

development of students' mathematical thinking. 

A series of lessons is needed for a good understanding of the concept, namely by 

studying the initial concept first to understand the second or subsequent concepts. Van 

Hiele's theory is a series of mathematics learning in geometry that has been applied and is 

believed to help the learning process according to the level of students' thinking. The 

characteristics of van Hiele's theory are applied when the research reaches the third stage 

[17] because the VIII MTs students, on average, have the ability in the third stage.  

In the first stage, the researcher and students ask questions about the circle sub-

material that will be studied by asking and giving students time to answer basic questions 

such as understanding, differences or similarities, and the reasons for answering them. The 

questions are intended to determine the student's initial abilities. In the second stage, 

students are given tasks that involve different relationships according to the material that 

has been arranged in sequence by the teacher. Until the third stage, the teacher introduces 

the terminology of the material and requires students to try to express it in their language. 

The teacher's role is to bring the object being studied to the level of understanding through 

discussion between students in their language. The teacher introduces relevant 
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mathematical terminology when students demonstrate the studied object and discuss it in 

their language. 

Students who have received good learning will never forget the lesson. From the 

memories that students have, it can be drawn the ability of a student; If students can 

remember the learning events that the teacher has given, it will be known how their 

abilities are. Students' abilities can be seen from their learning outcomes; In the previous 

discussion, the research results on student responses to the application of van Hiele's theory 

using the Think Pair Share (TPS) cooperative learning model and learning outcomes 

regarding students' mathematical thinking levels have been stated. 

Based on the results of data analysis, it is known that the learning process using van 

Hiele's theory combined with the Think Pair Share (TPS) cooperative learning model is 

strong or good, with an average interpretation of 73.56%. This condition is influenced by 

how the material is delivered based on the level of thinking or the sequence of material that 

students can accept. The learning process is not monotonous. This is indicated by the 

differences in students' enthusiasm and learning methods in the experimental class and 

control class according to the response of each indicator. 

Student responses to the first indicator, namely students' interest in learning 

mathematics, amounted to 74.42%, which was classified as solid or reasonable; Based on 

research during the learning process, most students have studied the material to be studied 

in class; it can be seen by preparing to bring the tools to be used in learning, bringing 

examples of objects in everyday life, reading and working on questions on the subject. 

Worksheets, as well as paying attention to and following each stage of learning starting 

from the think, pair, and share stages properly. 

The second indicator, namely changes in student learning patterns, lies at 79.95%, 

which is classified as solid or reasonable. Seen at the stage where students are required to 

understand the language, they try to analyze carefully what they should do to students who 

are used to accepting axioms and applying them to problems without knowing the reason. 

After applying van Hiele's theory, students can make meaning in their language to 

understand clearly and know the similarities or differences. When students are asked to 

explain their work regarding the calculation of the circumference of a circle with a known 

radius, while the formula they know to calculate the circumference of a circle is to use 

diameter, with the understanding and properties understood, students change the value of 

the radius to the value of the diameter so that they can solve the problem. In addition, 
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students become more active when learning in class. The increase in student responses at 

the pair and share stage was seen in the first, second, and subsequent meetings. 

The third indicator, presentation of information, has an average of 74.22%, 

classified as solid or fair; researchers who act as teachers during the learning process act as 

facilitators and mediators. During the learning process, the teacher explains questions that 

students have not understood and mediate the statements that students debate. In naming an 

angle whose magnitude is     , some students say that the diameter forms an angle, and 

some say that the angle is a straight line. 

In the fourth indicator, namely strengthening students' abilities and understanding, 

an average of 74.61% is classified as solid or reasonable. When the sharing process has 

been carried out, the teacher straightens the students' opinions according to the axioms. In 

the fifth indicator, observing group activity, an average of 72.66% is classified as solid or 

reasonable. The teacher, in this case, observes group discussion activities by observing 

each group and helps if there are groups that are having difficulties. 

The sixth indicator helps students evaluate the problem-solving results, which is 

69.53% classified as solid or reasonable. The problem evaluation activity encountered 

problems. Namely, most students have difficulty when given questions or the application 

of circular material in daily activities. In applying van Hiele's theory at level three, namely 

deduction, students are challenged to accept lessons so that when asked questions about the 

application of thinking levels, students who are still at level two, namely informal 

deduction, have not been able to complete them correctly. Even some students cannot 

finish it at all. 

In the seventh indicator, namely the advantage of learning in pairs, an average of 

73.05% is classified as solid or reasonable. Students look excited during the pairing 

process by uniting their respective opinions to be presented. In the eighth indicator, think 

has an average of 72.27%, classified as solid or reasonable. This can be seen when the 

teacher asks questions and gives students time to think and use them well. However, the 

habit carried out during learning is memorizing an axiom or formula that makes it difficult 

for students to think and takes a very long time to answer the questions given by the 

teacher. 

Student responses are sufficient to support the level of mathematical thinking that 

students have, which is the way students have after receiving mathematics learning. The 
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results of the research that has been carried out show that students' average level of 

thinking is quite adequate, with an average value of 63.38. 

The average post-test value represents an indicator which is the level of students' 

mathematical thinking, with the number of students at the first level (level-0) being five 

students, at the second level (level-1) are ten students, and at the third level (level-2) is 17 

students. Based on the values obtained, the researchers stated that thinking about the 

material being studied was very helpful in the basic skills acquired. This means that if the 

initial indicators have been completed, students will more easily understand the material in 

the following indicator, and vice versa; if the initial indicators have not been mastered, 

students will have more difficulty understanding the next indicator. This can be seen from 

the difference in the average post-test value obtained by the experimental and control 

groups. 

Based on the average value obtained from the experimental and control classes to 

determine whether there is an effect of applying van Hiele theory using the Think Pair 

Share (TPS) cooperative learning model, conclusions can be drawn by calculating the 

hypothesis test. After calculating the value of tcount = 3.83 > ttable = 2.04, it means that 

there is an effect. Based on the calculation of hypotheses and student responses that are 

classified as good when learning, this study can say that the application of learning 

materials using van Hiele's theory using a Think Pair Share (TPS) type of learning model 

influences students' thinking levels. 

Because this research can be said that there is an influence, this research can be said 

to be relevant to research that has been done previously. Van Hiele's theory considered one 

of the pieces of evidence in overcoming the problem of learning mathematics in geometry 

material, can be proven in this study where the situation of students who have difficulty 

thinking is helped by the application of van Hiele's theory [27]–[29]. In addition, the 

contextual approach was more significant in improving critical thinking skills than 

conventional learning [30]–[33]. This conclusion follows what the researchers did. Thus, it 

can be said that the results of research conducted on applying van Hiele's theory using a 

Think Pair Share (TPS) cooperative learning model on students' mathematical thinking 

levels have supported previous studies. 
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4. CONCLUSION 

Based on the results of the discussion on the effect of applying van Hiele's theory 

using the Think Pair Share (TPS) type cooperative learning model on students' 

mathematical thinking levels, it can be concluded that: The level of students' mathematical 

thinking after applying van Hiele's theory using the Think Pair Share (TPS) cooperative 

learning model has an average post-test score of 63.38. This shows a value in the range of 

55 - 69. So it belongs to the excellent category. Based on the value obtained, it can be seen 

that the level of mathematical thinking of students, namely, five students are at the first 

level (level-0), ten students are at the second level (level-1), and 17 students are at the third 

level (level-2), thus most of the students are at level 2. And based on the results of 

hypothesis testing using t-test calculations, it was obtained that tcount = 3.83 > ttable = 

2.04. This means that applying van Hiele's theory using the Think Pair Share (TPS) 

cooperative learning model affects students' mathematical thinking levels. 
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