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 Metacognition, or the ability to think about thinking, is essential in the 

development of geometric thinking. However, studies on the Van Hiele 

model and the application of metacognition on geometric thinking are still 

under-researched. This study aimed to provide a review of the Van Hiele 

model and the application of metacognition on geometric thinking. A total of 

844 articles were retrieved through internet search engines from 1995 to 

2020 and manually selected and reviewed systematically. The keywords used 

related to the Van Hiele model, metacognition, and geometric thinking. The 

findings that emerged from the review were categorized into two main 

themes which were the effectiveness of the Van Hiele model towards 

geometric thinking and the effectiveness of the application of metacognition 

on geometric thinking. Most articles revealed the positive indication of the 

geometric thinking development through the Van Hiele model intervention. 

It also seems that the potential of the application of metacognition in the Van 

Hiele model can strengthen geometric thinking development. Researchers 

and educators may find this knowledge useful in conducting empirical 

studies and developing learning instructions based on the application of 

metacognition in the development of geometric thinking. 
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1. INTRODUCTION 

One of the important elements in controlling the thinking process is metacognition. Students need to 

assess their capabilities in carrying out complex tasks and thinking about alternative work paths when the 

current work seems less effective and impasse [1], [2]. Also, students who use metacognition well will be 

critical thinkers, able to solve problems, and able to make good decisions compared to those who do not use 

their metacognition [3]. However, there are limited studies that focus on the application of metacognition in 

geometry [4] especially from the perspective of Van Hiele's learning phases and towards the development of 

student’s geometric thinking [5], [6]. 

Geometric thinking is a branch of mathematics that can assist students in developing critical 

thinking skills [7]. It has been studied over the years by many experts [8]–[14]. No model, however, is more 

convincing than Van Hiele's geometric thinking model [15]–[17]. Accordingly, with the support of learning 

intervention, students' geometric thinking can develop through five levels hierarchically and eventually 

https://creativecommons.org/licenses/by-sa/4.0/
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leading to formal deductive and rigor levels. Crowley [15] determined the levels as: Level 0 (Visualization) – 

students recognize the whole shape from visual appearance without considering the components of the shape; 

Level 1 (Analysis) – students can notice the different shape by recognizing the attributes but not considered 

relevant; Level 2 (Informal Deductive) – students learn in identifying, classifying and using the relationship 

between attributes of shape; Level 3 (Formal Deductive) – students can make meaningful categorizations of 

shape and construct a proof regarding shape logically; and Level 4 (Rigor) – students can establish theorem 

within the axiomatic system and able to verify the effect of axiomatic manipulation. 

Furthermore, Van Hiele's consideration of geometric thinking development is not solely based on 

the students' maturity level, but rather on their thinking abilities, vocabulary used, and learning experiences 

[18]–[20]. As a result, Van Hiele suggested five phases of learning. Usiskin [16] described the phases as: 

Information – teachers introduce new concepts to be taught, and students discuss how the original concepts 

relate to the new concepts being learned; Guided Orientation – teachers instruct the activities then students 

explore the guided activities; Explication – teachers convey the combination of shapes using the suitable 

language then students demonstrate their views on the task through discussion; Free Orientation – teachers 

provide the complex task then students solve the complex problems by themselves to see more clearly the 

relationship and attributes of shapes; Integration – teachers provide students with the ability to summarize 

what they have learned and prepare them to replicate the entire learning process in order to advance to the 

next level of geometric thinking. Hence, it is important to understand that the effectiveness of the 

intervention in developing geometric thinking required careful learning activities selection. 

Several studies and interventions are carried out using different approaches and knowledge domains 

to explore the best way in improving geometric thinking. Among the learning approaches, some integrate 

with technologies [14], [21], [22], or manipulatives globally [7]. Metacognition is seen as one of the learning 

approaches that emphasize thinking skills [1], [23]. Some researchers [5], [6], [24] have begun to see the 

interconnectedness that occurs in the minds of students when given metacognitive interventions to develop 

their geometric thinking. Şefik, et al. [6], for instance, observe that students who are at the Level 1 cannot 

control their existing knowledge. In the meantime, at Level 4, students can control their knowledge and 

thought process. Hence, their findings indicate that metacognition may affect the development of geometric 

thinking. 

As aforementioned, metacognition is one of the thinking skills that enable students to think their 

thinking process [25]. Organisation for Economic Co-operation and Development (OECD) [26] reveals that 

most studies on the impact of metacognition have been done on achievement in algebra and arithmetic in 

general. Several studies have investigated the effect of metacognition in geometry [27]–[29] and its 

overlapping in the Van Hiele model of geometric thinking [5], [6], [24]. However, there are few studies in 

viewing the application of metacognition from the perspective of geometric thinking. Yet, there has been no 

systematic review collecting papers related to the Van Hiele model and metacognition on geometric thinking 

development. Therefore, this study intends to review the existing literature regarding the Van Hiele model 

and the application of metacognition towards geometric thinking. This review also attempts to identify the 

effectiveness of the Van Hiele model and the application of metacognition in developing geometric thinking. 

 

 

2. RESEARCH METHOD 

The systematic review was selected to identify and evaluate the related studies on the Van Hiele 

model and metacognition in developing geometric thinking levels of students [30]. In this systematic review, 

the three phases used include planning, conducting, and reporting the review papers [31]. Once these three 

phases were carried out, the review results must be summed up, then the pattern of analysis needs to be 

identified and reported. The report needs to include the intervention and the patterning outcome of all the 

article reviews. Subsequently, it allows the application of the analytical critique component to synthesis 

discussions [32]. Figure 1 illustrates each phase of systematic review activities. 

In the phase of the planning review, we prepared the research string using keywords: (Van Hiele) 

AND (Geometric Thinking) AND (Metacognition). The criteria for selection as shown in Table 1 was 

decided before searching the database and used for filtering text title, abstract, and the entire text.  

The general terms were used for the first variable to examine the Van Hiele model that has been 

used and the application of metacognition or the integration of others' learning strategies or tools. The search 

string was carried out in international databases include Crossref, Springer, Science Direct, Google Scholar, 

ResearchGate, Scopus, and Web of Science. It was the leading database for research in educational 

multidisciplinary containing full-text publishing bibliographic records formats in various fields. 

We found 844 articles in the conducting review phase that met the research questions of the study. 

The exclusion and inclusion criteria were used in the phase of analysis. In the phase of reporting the review, 
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we then summarized the content into the table. The final number of articles that met the inclusion criteria was 

29 articles. The review was reported in the results and discussions section. 

 

 

 
 

Figure 1. Flow chart for systematic reviews 
 

 

Table 1. Exclusion and inclusion criteria 
Type of criteria Criteria Exclusion Inclusion 

Publication Journal papers  X 

Conference papers  X 

Thesis  X 

Books X  
Access Online  X 

Offline printed X  

Language English  X 
Others X  

School level Elementary  X 

Secondary  X 
Period 1990-2020  X 

Study Empirical  X 
Conceptual X  

Research method Experimental  X 

Survey X  
Quantitative  X 

Qualitative  X 

Mixed method  X 

 

 

3. RESULTS AND DISCUSSION 

3.1. The intervention and effectiveness of Van Hiele model on geometric thinking 

First, Table 2 demonstrates that 24 articles conducted the intervention using the Van Hiele model 

towards geometric thinking. 16 articles organized the intervention on secondary school students and seven on 

elementary school students. One article especially conducted the intervention on both elementary and 

secondary school levels. Four articles only used the Van Hiele model in intervening students’ geometric 

Research objective 

Research string using keywords 

in different databases. 

Keywords: Van Hiele AND geometric thinking; 
metacognition AND geometric thinking; 

metacognition AND Van Hiele 

Records identified through Crossref, Google Scholar, 

Scopus, Springer, ResearchGate, Science Direct, Web 

of Science (n = 844) 

Records screened based on the title and abstract (n=180) 

Records screened based on the exclusion criteria (n=44) 

Records screened based on the inclusion criteria (n=29) 

Quality assessment 

Data extraction, synthesis, and result 
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thinking [33]–[36]. While other articles integrated the Van Hiele model with other learning approaches and 

aid tools. Furthermore, the majority of articles used experimental and quasi-experimental studies. Most 

articles revealed the improvement of the students’ geometric thinking. It indicates that the Van Hiele model 

is feasible applied and expected benefits of incorporating learning approach as well as aid tools in developing 

students’ geometric thinking at any school level of students. 

 

 

Table 2. The retrieved articles on intervention of Van Hiele model towards geometric thinking 

No Article School level 
Research 
method 

Intervention Main result 

1 [37] Secondary Quasi-

experiment 

Instructional strategy (VH-

iSTEM) on geometric thinking 

skills 

In the classroom, the VH-iSTEM learning method 

can be used to help students develop their 

geometric thinking skills. 
2 [38] Secondary Experiment, 

quantitative 

The tablet application with Van 

Hiele’s phase-based learning 

After learning with the tablet application, the 

students' level of geometric thinking was higher 

than after learning without it, allowing them to 

reach level 3. (i.e., abstraction). 

3 [34] Elementary True 

experiment 

1) Van Hiele’s phases of 

learning (VH-PL) module; 2) 
Van Hiele’s theory which is 

integrated with the Google 

SketchUp software (VH- GSU) 
module; and 3) conventional 

instruction (NVH-CI) module 

At the beginning of the experiment, the learners 

were at the lower stages of Van Hiele’s geometric 
thinking. After the intervention, findings of the 

WGT showed that most of the learners in all three 

groups reached a higher degree of Van Hiele’s 
geometric thinking. 

4 [35] Secondary Experiment, 

quantitative 

Module using Van Hiele 

theories for quadrilateral topics 

The module is practical to increase the student’s 

geometry thinking level by reaching Level 2 at 

Van Hiele level. 
5 [21] Secondary Quasi-

experiment, 

quantitative 

Learning strategy based on Van 

Hiele phases of learning and 

visual thinking model through 
SketchUp Make (SPPD-SUM) 

SPPD-SUM could help students improve their 

visual spatial skills (VSS) and geometric thinking 

(LGT). 

6 [19] Secondary Mixed 

method 

Constructing a learning 

material for 3-dimensional Plan 
and Elevation (namely LSPE-

SUM) 

The LSPE-SUM was effective in achieving its 

goal of improving students' visual spatial skills and 
Van Hiele's levels of geometric thinking. 

7 [39] Elementary 
and 

Secondary 

Experiment, 
Mixed 

method 

The use of GeoGebra The effect of using GeoGebra was noted, the 
performance improvement in transformation 

geometry was shown, including the level of 

development of Van Hiele's geometric thinking. 
8 [36] Secondary Experiment, 

Quantitative 

Van Hiele theory-based 

geometry instruction 

The experimental group's output improved 

significantly, with more students at level 2 than at 

levels 0 and 1, indicating that Van Hiele-based 
learning had a beneficial impact on learners' 

thought levels as compared to conventional 

learning. 
9 [40] Elementary Experiment Van Hiele learning phases 

using varied materials, concrete 

experiences, and discussions 

Students who attended instruction did better on 12 

of the 19 tasks than students who did not receive 

instruction. However, there was no substantial 
difference in the number of points obtained at level 

0, level 1.5, and level 2 of geometric thinking 

between the two classes. 
10 [41] Elementary Clinical 

interview, 

qualitative 

Physical models of geometrical 

solids undergo dynamic 

transformations. 

The research showed a progression from 

perceptual considerations to solid geometry. While 

not all children achieved a higher level of thought, 
the dynamic transformation environment aided the 

growth of a significant portion of a child's 

geometric thinking. 
11 [42] Secondary Experiment, 

quantitative 

Dynamic Geometry Software-

Assisted Instruction 

Supported Learning when compared to traditional 

teaching, Dynamic Geometry Software has a 

positive effect on student mathematics 
achievement in the transition of geometry and 

geometric thinking. 

12 [9] Secondary Quasi-
experiment, 

qualitative 

Van Hiele’s learning phases 
using the Geometer’s 

Sketchpad (GSP) 

The treatment participants displayed complete Van 
Hiele level 1 acquisition, and nearly all of them 

showed complete Van Hiele level 2 acquisition. In 

contrast, only one student did not achieve level 3, 
while the others demonstrated full and high levels 

of acquisition. As a result, it can be inferred that 

implementing Van Hiele geometry learning 
activities has a positive effect on the progression 

of greater levels of geometric thinking. 
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Table 2. The retrieved articles on intervention of Van Hiele model towards geometric thinking (continued) 

No Article School level 
Research 

method 
Intervention Main result 

13 [13] Elementary Experiment, 
quantitative 

Van Hiele’s learning phases 
using tangrams 

Van Hiele's tangram-based learning phase 
significantly improved geometrical thinking in the 

first (visual) and second (analysis) levels among 

high-, medium-, and low-ability students. 
14 [43] Elementary Quantitative Using Geometer’s Sketchpad After two weeks of intervention, the geometric 

reasoning skill of Van Hiele students using 

Geometer's Sketchpad was not substantially 
different from the control group. 

15 [14] Secondary Quasi-

experiment, 
quantitative 

Video based on Van Hiele 

model 

Most of the students have seen a major change in 

their geometric thinking abilities. 

16 [11] Elementary exploratory 

case study 

Based on the Van Hiele theory 

of geometric thinking, phase-
based instruction using The 

Geometer's Sketchpad (GSP) is 

used 

The treatment had significantly improved the 

student's geometric thinking regarding the regular 
polygons. 

17 [22] Secondary Quasi-

experiment 

Van Hiele’s learning phases 

using the GSP 

Students in the experimental group performed 

better than students in the control group in terms 

of geometric thinking (t = 34.50, p0.05). 
18 [33] Secondary Quasi-

experiment, 

Mixed 
method 

Van Hiele’s phase-based 

learning  

The treatment group's students displayed complete 

acquisition of the Van Hiele levels, with nearly all 

of them demonstrating complete acquisition of the 
second level. Just one student did not achieve level 

three, while the others demonstrated a full and 

high level of acquisition. 
19 [44] Secondary Case study Based on the Van Hiele theory, 

phase-based instruction with 

manipulatives and The 
Geometer's Sketchpad (GSP) is 

used 

The intervention has the potential to improve 

students' geometric thinking and strong geometry 

achievement. 

20 [45] Secondary Quasi-
experiment 

Using geometers’ sketchpad The use of the Geometer Sketchpad and Van 
Hiele-based teaching materials played an 

important role in assisting students in improving 

their geometric thinking on one level or to a higher 
level. 

21 [46] Secondary Case study Based on the Van Hiele theory, 

a phase-based instructional 
environment using Geometer's 

Sketchpad (GSP) 

After the phase-based instruction with GSP, Van 

Hiele levels stayed the same or increased slightly. 

22 [47] Secondary Experiment Interactive Geometry software 
(IGS) 

The students were also able to enter the third level 
of geometric thinking. The post-test results 

showed that the geometric thinking students 

improved significantly after using the module. 
23 [48] Secondary Quasi-

experiment 

Using Geometers’ Sketchpad Students progressed in one level or to a higher 

level due to Van Hiele-based teaching materials 
and the use of Geometer Sketchpad. 

24 [49] Elementary Experiment GeoCAL based on Van Hiele’s 

geometric thinking level theory 

GeoCAL developed important learning effects on 

visual association, analysis/description, 
relation/abstraction, and geometric thinking in 

general, in addition to recognition capabilities. 

 

 

To assist students in attaining a higher level of geometric thinking, Hassan, et al. [37] used an 

instructional approach focused on Science, Technology, Engineering, and Mathematics (STEM) that was 

combined with the Van Hiele model (namely VH-iSTEM). The students collaboratively underwent geometry 

learning, using interrogative questions, sharing ideas, and helping peers discovered their own learning 

experiences for 80 minutes using lesson activities based on the VH-iSTEM. The students were provided 

scaffolding by the teacher who acted as a facilitator. 

Others used the Van Hiele model integrated with aid tools such as Dynamic Geometry Software 

[42], GeoGebra [39], GSP [9], [11], [22], [43]–[46], [48], GeoCal [49], Tangram [13], Interactive Geometry 

Software [47], SketchUp Make [19], [21], [34], Video [14], and Tablet application [38]. They used the 

technology as an aid in facilitating the teaching of geometric topics to students. Their studies reported on the 

benefits of using technology in cultivating students' geometric thinking. The technology helped to scaffold 

the learning and teaching process based on the Van Hiele model. It allows the users to develop knowledge on 

geometry and easily visualize two- and three-dimensional objects [14], [21], [39]. This is because the ability 

of technology is easy to manipulate and manage, making it easier for students to understand a concept 

compared to conventional learning [50]. 



                ISSN: 2252-8822 

Int J Eval & Res Educ, Vol. 10, No. 2, June 2021:  597 - 605 

602 

Moreover, Markopoulos, et al. [41] as well as Škrbec and Čadež [40] used varied materials and 

concrete experiences in developing students’ geometric thinking. However, Markopoulos, et al. [41] found 

that not all students achieved an advanced level of thinking. Also, according to the findings of Škrbec and 

Čadež [40], there was no substantial difference between the two groups in terms of the level reached, such as 

the number of points at level 0, level 1.5, and level 2. Because according to Škrbec and Čadež [40], the 

students have problems using suitable terminology during exploring the materials and concrete in geometry. 

Tieng and Eu [43] found no substantial difference in improvement between the experiment and control 

groups after the GSP intervention. This may be due to the intervention's brief duration. Nonetheless, the 

proposed technology, when used in conjunction with the Van Hiele model, provides numerous benefits for 

the advancement of geometric thinking [50], [51]. 

Based on the review, the findings revealed that the Van Hiele model plays a significant role in 

developing the geometric thinking level of students. Although the majority of studies integrated the use of 

technology in the Van Hiele model, we cannot conclusively say that the aid tools used are better than the Van 

Hiele learning phases or other learning approaches, yet it depends on how teachers and students operate the 

aid tools following each level of geometric thinking. Also, the most prominent methods used to examine the 

development of geometric thinking is through experimental study then quasi-experimental study. It could be 

said that most of the papers reviewed have studied the effectiveness of the Van Hiele model towards 

geometric thinking development and compared it to conventional or other types of learning approaches such 

as incorporating with aid tools. 

 

3.2. The intervention and effectiveness of the application of metacognition on geometric thinking 

Second, there are only five articles suited to the research question that performed the application of 

metacognition compared to the Van Hiele model regarding geometric thinking as shown in Table 3. Two 

respective articles were conducted at the elementary and secondary school levels. The focus of studies in the 

Van Hiele model with metacognitive has shown its effectiveness on student progression of geometric 

thinking. All the articles revealed the positive performance of students’ geometric thinking. However, there 

are still only a few studies examining the performance of the application of metacognitive in the Van Hiele 

model through experimental methods [51]. While others [5], [24], [52] are still trying to explore more deeply 

the relationship between geometric thinking and metacognitive in affecting the development of students' 

geometric thinking. 

 

 

Table 3. Overview of the retrieved articles on metacognition towards geometric thinking 

No Article School level 
Research 

method 
Intervention Main result 

1 [52] Secondary Qualitative Metacognition In Indonesia and Thailand, visual level students may already 

think about what to do during the planning stage, but during 
the monitoring stage, students question the problem's 

meaning. However, during the assessment period, they 

continued to have doubts about their decision. At the 
preparation, tracking, and assessment stages in Indonesia and 

Thailand, analysis level students knew just what they were 
saying. 

2 [6] Secondary Quantitative Geometric thinking 

on metacognition 

The study found that all learners' geometric thinking levels in 

the Van Hiele model affect their metacognitive skills. 
3 [24] Elementary Qualitative Metacognition on 

the thinking level 

of informal 
deduction 

The metacognition process that emerges from the students at 

the informal deductive thinking level is focusing more on 

planning to cultivate their understanding and knowledge in 
the form of full visibility and visualization of problems into 

simpler forms. Students are more likely to use visual 

knowledge monitoring to apply their initial knowledge to the 
issue during the monitoring process. Students select and 

define solutions that can be used to determine the outcome of 

problem-solving during the evaluation process. 
4 [51] Elementary Experiment, 

pilot study 

Using an aid tool 

called Kindergarten 

Social Assistive 
Robot (KindSAR) 

When they 'played' with the robot, they improved their 

geometric thinking and metacognitive abilities. 

5 [5] Secondary Exploratory, 

qualitative 

Metacognition on 

Van Hiele model of 
geometric thinking 

Students who are given an objective test such as the Van 

Hiele Geometry Test do not seem to score as high as students 
who are interviewed. Meaning that the students who were 

interviewed metacognitively showed the progression of Van 

Hiele level and seem to fit the Van Hiele level 1 and level 2. 
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An early study on metacognition upon geometric thinking had done by Finnell [5] in 1992. 

Followed by [24], [51], [52] who also studied geometric thinking by using metacognition. Moreover, the 

exploration of students' metacognition seems to suit Van Hiele level 1 and level 2 according to Finnell [5]. 

The students demonstrated the progression of geometric thinking after undergoing a metacognitive interview 

session. It is supported by Rofii, et al. [24] who studied the metacognition on informal deduction level shown 

that the students’ metacognition emerged at the informal deductive level. In the planning process, the learners 

focused more on cultivating their understanding and knowledge to visualize the problems into simpler forms. 

In the monitoring process, the students related based on visual knowledge monitoring their prior knowledge 

to the problem. In the evaluation process, the students chose and identified alternative solutions for the result 

of problem-solving. However, Firmansyah, et al. [52] who studied the comparison between Indonesian and 

Thailand students shown that both countries' students doubted deciding to solve the problems in the 

evaluation process. Interestingly, Keren and Fridin [51] used metacognition in conjunction with the Social 

Assistive Robot (KindSAR) to help improve geometric thinking. Not only did students' geometric thinking 

improve, but their metacognition also improved. This is consistent with the findings of Şefik, et al. [6] 

demonstrated that as students' metacognitive skill scores increased, so did their Van Hiele geometric thinking 

levels. Their findings indicated that the role of metacognition as a controlling cognitive skill, which is 

geometric thinking, plays an important role. As experts [1], [25] point out that metacognition skills allow 

students to plan, monitor, and evaluate their thinking. 

Overall, the effects of using the Van Hiele model and metacognition to improve geometric thinking 

have been promising. It is shown that the integration of other learning approaches and aid tools has improved 

the students’ geometric thinking. The studies regarding the Van Hiele model found that the most frequently 

reported are the experimental and quasi-experimental designs. The influence of the Van Hiele model, 

especially the effect of metacognition application on the Van Hiele model of geometric thinking, is better 

understood through qualitative design research. However, research into the role of metacognition in Van 

Hiele's geometric thinking is still in its early stages. In fact, if we look at the findings of several previous 

researchers who have tried to see the relationship between metacognition and the Van Hiele model, there is a 

potential for increasing students' geometric thinking [5], [6], [51]. It may work because metacognition 

influences the way students think about their cognition in planning, monitoring, and evaluating each step of 

their work [1]. Students who can control their thinking tend to be in line with the improvement of their 

geometric thinking [5]. Nevertheless, it needs more empirical studies to be conducted regarding the 

application of the Van Hiele model incorporated with metacognition on geometric thinking in which there is 

a potential and overlapping between them to strengthen the increment of geometric thinking. 

 

 

4. CONCLUSION 

The Van Hiele model was frequently used and showed a positive impact in developing geometric 

thinking as a learning approach whether as a single intervention or integrating with other learning approaches 

or help tools in most of the studies reviewed that implementing the Van Hiele model and the application of 

metacognition on geometric thinking. Meanwhile, empirical studies of the application of metacognition in the 

development of geometric thinking are scarce. Integration of the Van Hiele model with the application of 

metacognition has the potential to improve geometric thinking development. As a result, it is proposed that 

more empirical studies be conducted that have a greater effect on the Van Hiele model and the application of 

metacognition in geometric thinking. It is also recommended that future studies in learning geometry provide 

the help tools' feature for exploring geometry concepts and tasks. 
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