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Abstract  

Van Hiele's thinking level has an important role in understanding, interpreting, and determining the geometric thinking ability. 
However, the lack of technological products that can support Van Hiele's improvement in thinking level is a challenge in itself. One of 
the tools that can help prospective teacher students to reach Van Hiele's level of thinking is Augmented Reality technology. Therefore, 
this study aims to investigate Van Hiele's level of thinking through the intervention of Augmented Reality Digital Module Instruction 
(ADMI) using grounded theory design. The participants involved in this study were one lecturer and ten prospective teacher students 
who experienced difficulties in improving the level of Van Hiele geometric thinking. The data collected through observation, tests, and 
interviews are analyzed qualitatively through the stages of open coding, axial coding, and selective coding. These research found that 
students who had difficulties in carrying out the first level of Van Hiele could use ADMI to overcome these difficulties; students can 
construct knowledge about 3D geometry; the success of students in completing the geometry test involves reasoning. This study emphasize 
that ADMI contributes to geometry learning because it can make it easier for students to reach the lowest level of Van Hiele. 

Keywords: ADMI, Geometric Thinking, Prospective Teacher Students, Van Hiele Level. 

 

Introduction 

Geometry is one of the inseparable fields of everyday life, as it involves an understanding of shapes and 

spaces in 2D and 3D. Therefore, Piere Van Hiele and Dina Van Hiele affirm that the importance of teaching 

geometry is in accordance with the stage of students' cognitive development (Demir et al., 2023). Through 

Van Hiele's theory, not only does the teaching of geometry become more structured, but it also helps in 

evaluating the level of students' understanding of geometric concepts (Ersoy et al., 2019). A deep 

understanding of these geometric concepts will help build students' problem-solving skills, creative 

thinking, and visual-spatial abilities, which are essential skills in a variety of everyday life contexts and future 

career fields. 

In the context of elementary school, it is often found that students do not have an adequate understanding, 

especially in 3D geometry (Hwang et al., 2020; Schoevers et al., 2022). One of the reasons is the teacher's 

limited understanding of the material (Akkurt Denizli & Erdoğan, 2022). This is a serious concern, given 

that understanding geometry at a basic level is an important foundation for understanding more complex 

concepts in the future (Alex & Mammen, 2018). Therefore, greater efforts are needed to train prospective 

elementary school teachers to have a deep understanding of geometry and the skills to teach it effectively 

to their students.  

Mathematics learning in geometry material is a natural means to develop students' reasoning and skills 

(Yorulmaz & Çilingir Altıner, 2021). The importance of reasoning or thinking skills needs to be studied 

because it is needed to understand geometric concepts, as well as to train the geometric thinking skills of 
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prospective teacher students before they become educators. Today, many students still need help 

understanding and using the principles of geometry (Anwar et al., 2024). Research shows that students face 

epistemological difficulties when thinking geometrically, especially when switching from 2D to 3D models, 

calculating cubes, and measuring 3D shape sizes (Sudirman et al., 2023). This epistemological barrier occurs 

at all levels of geometric thinking according to Van Hiele's model (Kandaga et al., 2022). Therefore, Van 

Hiele's geometric thinking level needs to be integrated in learning strategies that involve problem-solving 

in 3D space and the use of certain technological products (Naufal et al., 2021; Abidin & Abu, 2021). 

The results of research in the last five years show that there are still many prospective teacher students who 

experience limitations in geometric thinking, because they are only able to reach the first three levels of the 

Van Hiele model and show that prospective teachers are not fully ready to teach geometry (Bonyah & Larbi, 

2021). In addition, Mahlaba & Mudaly (2022) concluded that the increase in the level of geometric thinking 

in the Van Hiele model is highly dependent on the active participation of prospective teacher students when 

solving problems. Akil et al. in their research found that prospective mathematics teachers still have 

difficulty improving to the highest level when given inappropriate learning treatment (Akil et al., 2022). 

Furthermore, Övez & Özdemir (2024) in their research found that most prospective teachers tend to 

conduct formal evidence but often tentatively use informal proof practices because they have not fully 

mastered formal evidence. The results of these studies emphasized the need for certain strategies or 

technologies carried out by teachers to improve the level of geometric thinking (visualization, analysis, 

abstraction, deduction, and rigor) of prospective elementary school teachers.  

One of the ways done by researchers, to improve Van Hiele's thinking level is to use Augmented Reality 

Digital Module Instruction (ADMI). ADMI is a learning method that combines digital modules with 

Augmented Reality (AR) technology to enhance the learning experience. The existence of ADMI is 

expected to provide meaningful information that is easy to receive naturally through the five senses by 

adding virtual elements. ADMI functions to enrich sensory-motor activities and stimulate the emotional 

factors of prospective teacher students so that they can be actively involved during the learning process. 

Motor sensory activities are related to the thinking process of students when constructing knowledge to 

understand and solve problems. Based on this description, this study aims to investigate the level of 

geometric thinking of prospective teacher students after using ADMI, which is revealed using grounded 

theory. 

Methods  

Design 

This study uses grounded theory because the researcher wants to reveal in depth the thinking level of 

prospective teacher students after using ADMI and the Van Hiele geometric thinking level framework. In 

addition, the use of grounded theory allows researchers to build theories that are based directly on data 

collected from participants, thus providing a comprehensive and authentic understanding of the 

phenomenon being studied (Sudirman et al., 2024). In this context, the use of Van Hiele's geometry level 

thinking framework is very relevant. This framework consists of five levels of geometric thinking that 

describe the development of understanding geometry from the most basic to the most complex: Level 1: 

Visualization - Recognizing geometric shapes based on their appearance. Level 2: Analysis - Understand 

the properties and components of geometric shapes. Level 3: Abstraction – Able to identify relationships 

between traits and use informal logic. Level 4: Deduction - Able to understand and construct deductive 

arguments as well as axiomatic systems. Level 5: Rigor - Have the ability to think rigorously by 

understanding the formalities and full logic of geometry. 
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Participant 

Participants in this study are one lecturer of the mathematics teaching material development course and ten 

prospective elementary school teacher students. Participants have an important role in producing 

prospective teacher students who master geometry material so that there are no more elementary school 

teachers who have difficulty teaching mathematics subjects. ADMI-based geometry learning is used to make 

it easier for prospective students to understand 3D objects, as well as to help students to reach the level of 

Van Hiele geometric thinking. The selection of prospective teacher students as participants is based on the 

purposive sampling technique because of the ease of access possessed by researchers (Barrat et al., 2015). 

Data Collection 

The instruments used in the collection of research data are observation, written tests, and interviews. 

Observation is used to observe the geometry learning process based on the Augmented Reality Digital 

Instruction Module. The test was used to identify the geometric thinking ability of prospective teacher 

students who were reviewed from the Van Hiele level. Then the interview was used to deepen the 

information obtained from the results of observations and geometric thinking tests. Interviews were 

conducted in a semi-structured manner to lecturers and students who are prospective elementary school 

teachers. The key questions presented were: (1) how do lecturers and students respond to AR-based 

geometry learning?; (2) how are the thinking activities of prospective teacher students in solving geometry 

problems?; (3) do students experience difficulties when solving geometry problems without the help of 

ADMI?; (4) can all students reach all five levels of Van Hiele's thinking? 

Data Analysis 

The researcher made observations during the learning process accompanied by small notes related to the 

activities of lecturers and prospective teacher students. At the end of the learning using ADMI, students 

were given a 3D geometry test to identify Van Hiele's geometric thinking level. Interviews were conducted 

with lecturers and prospective teacher students as a triangulation of data suitability. Furthermore, the data 

was analyzed using three stages, namely open coding, axial coding, and selective coding. The process can 

be seen in Figure 1. 

 

Figure 1. Data Analysis 

In the open coding stage, the text of the interview results is analyzed step by step to identify relevant 

concepts and categories. Then at the axial coding stage, the categories that emerged from the interview 

results were analyzed to find out the relationship between the two. In the selective coding stage, the 

categories and dimensions that emerge are considered, compared, and combined to form the final category 

as a finding. 
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Results and Discussion  

Implementation of Augmented Reality Digital Module Instruction (ADMI) 

In the initial stage, the researcher coordinated with the lecturer of the school mathematics teaching materials 

development course to determine the time for the implementation of learning using digital-based AR or 

also known as ADMI. Then the right time was obtained to implement ADMI in learning geometry 

materials. Before the learning process begins, lecturers and researchers ensure students' initial abilities 

related to geometry materials that have been studied at the previous level. This activity aims to make it 

easier for students to understand 3D geometry materials using ADMI. During the lesson, the lecturer asked 

students to open ADMI-based geometry teaching materials and prepare smartphones.  

Each student can use this teaching material with the help of a smartphone so that they can carry out the 

instructions in the book. The teaching materials already contain instructions on how to use them so that 

lecturers only ask students to study based on the instructions contained in the book. To ensure students' 

initial abilities, lecturers and researchers give students trigger questions related to the properties and 

elements of 3D geometry. After that, lecturers and researchers connect students' basic skills with 3D 

materials to be studied next. ADMI can help students understand the properties and elements of 3D 

geometry by pointing the smartphone camera as shown in Figure 2.   

 

  

Figure 2. ADMI Exploration 

The characteristics of AR can significantly help students understand the shape, structure, and properties of 

geometric objects by using complex spatial abilities through an in-depth visualization process. This is 

supported by the theory that digital-based AR can support the development of spatial reasoning skills 

through the manipulation of 3D objects and the exploration of geometric shapes in real life (Istanti 

Suwandayani et al., 2023). In this case, students can build their knowledge of 3D geometry based on the 

results of their exploration using ADMI. After conducting the exploration, students can observe the 

arrangement of cube units in the form of 3D that appear on the smartphone screen, as shown in Figure 3. 

Then students are asked to mention the number of cube units, unit size, two-dimensional drawings, or 

volume. This is done to determine students' initial thinking ability in understanding 3D geometry. 
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Figure 3. 3D Objects 

Based on the results of the exploration, as seen in Figure 2 and Figure 3, it is known that digital-based AR 

or ADMI can be used to practice deep visualization skills and can improve students' understanding of 3D 

geometry concepts. In 3D geometry, visualization is the primary ability to understand the shapes, structures, 

and properties of more complex spatial objects. With the existence of ADMI, it can make it easier for 

students to see geometric objects in three-dimensional form in real life. It was as if the object was right in 

front of the eyes. This digital-based AR application can also make it easier for students to understand 

because students can easily rotate, zoom, or manipulate 3D objects. This provides an opportunity for 

students to observe every aspect of a two-dimensional object that is difficult to achieve using images. For 

example, to observe 2D objects present in 3D objects and how their surface structure is, the existence of 

ADMI can give them a more detailed insight into the structure of an object.  

The results of interviews with lecturers also show that ADMI can help students understand 3D geometry 

material. Because at this time there are still many prospective elementary school teacher students who have 

difficulty learning geometry because it is difficult to visualize 3D geometry in real life. With the existence 

of ADMI, it can be a solution to make it easier for students to illustrate or visualize 3D objects. This can 

be seen from the excerpt of an interview between the researcher (R) and the lecturer (L).  

R : Is this digital-based AR can help you teaching 3D geometry material? 

L : Of course. I feel that AR application is very helpful when teaching geometry material because students can use their 
smartphones for the learning process. So far, students have studied mathematics with a discussion and assignment 
system so that it is not possible to know which students really understand the material and which do not understand 
the material. With this digital-based AR, it can help me give students an understanding of 3D geometry because 
it is easy to use to visualize.  

Lecturers also find it easy when using ADMI during learning because it already contains instructions that 

students can follow easily. Students can easily visualize 3D objects through exploration by sliding the 

smartphone screen. So far, students have found it difficult to imagine 3D objects because they are abstract 

without using assistive devices. With ADMI, it can make it easier for prospective teacher students to 

understand 3D geometry so that later there will be no more elementary school teachers who have difficulty 

teaching geometry material.  

R : Do you think this digital-based AR is in line with the needs of today's students? 
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L : Yes... This AR can make learning more interesting because it contains virtual objects that cannot be 
imagined abstractly by prospective elementary school teacher students. The existence of this AR can also 
motivate prospective elementary school teacher students to learn mathematics related to geometry materials. 
Students can follow the instructions in the book and can visualize them with the help of the ADMI 
application on smartphones. 

R : Do you think there are any special characteristics that can make it easier for students to visualize 3D objects? 

L : In my opinion, the features in AR that allow students to interact with themselves. Students can interact 
directly with learning materials through their smartphones related to 3D models, students can rotate or slide 
the smartphone screen to determine the elements such as sides, angles, diagonals and so on. This will be 
difficult for students to do if they only imagine abstractly without any tools.  

The results of interviews with lecturers show that ADMI contains geometry material related to real life, and 

virtual elements in ADMI can make it easier for students to operate. This is in line with the theory that 

digital-based AR aims to enhance information through virtual elements so that it can provide complete 

meaning that is impossible to obtain naturally (Rossano et al., 2020). ADMI is a type of technology that can 

enrich the real world through computer-generated content. Additional content can provide users with an 

understanding or insight into the real world, 2D and 3D shapes, text, audio, and video. This tool can also 

increase students' knowledge and perception of something happening in the surrounding environment 

related to geometry (Elsayed & Al-Najrani, 2021).  

ADMI can be a digital-based cognitive assistance system related to the spatial ability to understand 

geometric objects. The existence of this digital-based cognitive assistance system can make it easier for 

prospective students to make decisions when solving geometry problems and help them learn new tasks 

(Eversberg & Lambrecht, 2023). In line with this, Tall formulated the use of concepts in solving 

mathematical problems in the form of geometric objects consisting of: points, lines, triangles, circles, 

congruent triangles, and parallel lines that have the properties of Euclid's proof (Tall, 2014; Tall et al., 2013). 

Therefore, the existence of ADMI can help prospective students in understanding 3D geometric objects 

so that students can reach the level of Van Hiele geometric thinking when learning or solving geometry 

problems. 

Van Hiele Geometric thinking (VHGT) Test 

Exploration of the geometric thinking level of prospective elementary school teacher students was carried 

out through written tests and in-depth interviews. This test is structured based on Van Hiele's five levels of 

geometric thinking. Level 1, questions about visualizing 3D objects. Level 2, identifying the properties of 

geometric objects. Level 3, knowing the relationships between geometric objects based on axiomatic 

knowledge. Level 4, questions related to logical deduction. Level 5, reasoning. The test results show that 

not all students are able to do Van Hiele's geometric thinking level because there are students who are not 

able to visualize 3D objects. There are three categories of geometric thinking levels for prospective 

elementary school teacher students when completing the test. Three students are included in the high level 

category because they are able to do all five levels of geometric thinking. There are four students who are 

included in the medium level category because they are able to do 4 levels, and there are three students who 

are included in the low level category because they are unable to do Van Hiele's first level, namely 

visualization.  
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Students with low level categories still have difficulty solving problems related to visualizing 3D objects 

without the help of ADMI. Therefore, the subject of this research is students with a low level category 

because visualization of geometric objects is Van Hiele's lowest level and is very important for prospective 

teacher students to have. In this case, the students who were selected to be the subject of research with the 

initials SM. The visualization test questions that SM subjects do are as follows:  

"Take a look at the 3D geometry image below! 

 

Figure 4. 3D Geometry 

Observe the image and then draw the front, side and top view of the arrangement of the cubes!" 

Students with a low level category have not been able to visualize the 3D objects in the question. This can 

be seen from the results of SM's work, which depicts each side in a three-dimensional form as shown in 

Figure 5. 

Top view 

 

Side view 

 

Front view 

 

Figure 5. Results of the subject's work  

Figure 5 shows that SM subjects have not been able to separate the 2D objects present in the 3D objects. 

The subject sees the image from above in the form of a 3D image so that he depicts the top view exactly 

as the question. Similarly, with a side-view image, the subject assumes that the side-view image remains in 

3D because he is looking from the side. From the side it contains three piles of cubes, while the bottom 

one has four cubes, the middle part has three cubes, and the top has one cube so that the illustration of the 

image remains in the form of a 3D image. As for the front view, it is also depicted in 3D because SM thinks 

that every side in the picture in the question is a 3D object, so even if viewed from any side, it is still a 3D 

image as seen from the following interview results.  
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R : What causes you to draw the front view, side view, and top view still in 3D images? 

SM : Because I think the image in the question is 3D geometry so that even if I look at it from any side, it is still 
a three-dimensional image. So I depict the front view, top view, and side view in the form of a 3D image 

R : Do you have any difficulties when drawing each side? 

SM : Ehm....how is it... Actually, when I understood the problem, it was a bit difficult because I had to think 
abstractly about 3D images, while learning geometry material, it was done using AR applications. If you use 
an AR application, it's easy to visualize it. However, when working on this problem, you should not use any 
tools.  

The researcher conducted in-depth interviews with SM subjects regarding their answers to obtain complete 

data. Interviews are conducted outside lecture hours so that the subject feels comfortable so that the data 

needed can be completed according to what is needed. The researcher conducted in-depth interviews to 

strengthen the correctness of the observation results during learning and test results. Based on the results 

of interviews with the subjects, it can be seen that there is open coding related to geometric thinking 

activities when learning with lecturers. These codes include the activities of classifying and separating 2D 

objects contained in 3D images, identifying the properties and elements of 3D geometry, making 

relationships between objects, and formulating meaningful definitions of geometric objects. 

The results of the subject's work showed that he had not been able to solve problems related to the 

visualization of 3D objects. This difficulty lies in visualizing 3D objects that are top-viewing, side-viewing, 

and front-viewing. The subject still has difficulty separating 2D objects in 3D. This can be seen from the 

expression of the subject SM who said that it is difficult to imagine 3D objects without the help of ADMI 

because using ADMI it is easy to separate 2D objects in 3D. Therefore, the researcher asked the subject to 

work on the problem by referring to ADMI. The activities that the subjects did when retaking the test were: 

(1) the subjects opened the AR-based textbook as an aid to recall how to visualize 3D objects; (2) looking 

for materials related to the visualization of 3D objects; (3) pointing the smartphone screen to a 3D image 

as during learning; (4) re-observing the picture in the question; (5) identify the 2D objects in the problem; 

(6) depicts 2D objects that exist in 3D from the front, top, left side, and right side. The subject said that 

textbooks and AR applications are only an aid to recall how to visualize 2D objects in 3D images. However, 

when retaking the test, the subject did not use a smartphone because there was no QR code as in the book.  

R : Why is the image different from the previous one? 

SM : Yes, ma'am. It turns out that the image in the question contains a 2D shape. 

R : How do you visualize so that you can get a 2D image? 

SM : After I looked back at the textbook and the AR application, it turned out that the 3D image contains a 2D 
image, so I need to separate the 2D objects in the problem. I depict the top view, the side view, and the front view. 
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I depict the side view from two sides, namely the right and the left, because the image is different, depending on 
which point of view I visualize it. 

R : How do you visualize 2D images? 

SM : I opened the textbook, ma'am. Then, I searched for materials related to 3D image visualization. I was looking 
for material that contained an image of a cellphone or a QR code image so that I could point the cellphone screen 
at that image. From the cellphone screen, pieces of 2D images in 3D can appear. Well... From that piece of 
image, I can already imagine the image in the question. After that, I observed the image in the question then I 
drew the top view, front view, left and right side view in 2D form.  

R : Oh... like that... So, do you think this digital-based AR can help you visualize 3D geometric objects? 

SM : I think it is possible because with AR it can make it easier for me to visualize 2D objects in 3D objects. 

 

Front View 

 

 

 

 

Top view 

 

 

 

Left-side view 

 

 

 

 

Right-side view 

 Figure 6. Result of the Subject Work based on ADMI  

Figure 6 shows that the subject is able to separate the 2D objects present in the 3D image. The subject 

admitted that this ability emerged when he used ADMI as a reference to recall how to visualize 3D objects. 

The subject depicts the front view with square pieces arranged into three, the bottom side as a base 

consisting of three squares then continued with the next square stack. As for the side view image, two 

images are given consisting of a right side view image and a left side view image. Then for the top view 

image, it is presented in the form of a square stack of four. Thus, the subject uses his spatial abilities to 

visualize the 2D objects contained in the 3D image.  

The student's ability to visualize 3D objects can be said to have reached Van Hiele's lowest level. This is in 

accordance with the theory that the first level of Van Hiele's level is Visualization, which is characterized 

by the ability of students to assess shapes based on their appearance (Bonyah & Larbi, 2021). This level can 

https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i5.3895


Journal of Ecohumanism 

2024 
Volume: 3, No: 5, pp. 202 – 215 

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online) 
https://ecohumanism.co.uk/joe/ecohumanism  

DOI: https://doi.org/10.62754/joe.v3i5.3895  

211 

 

be characterized by: (a) the activity of classifying and separating an object; (b) students need 2D or 3D 

objects to be able to draw, shape, disassemble, unify, and complete the pieces of the picture. The students' 

activities are based on the characteristics of different objects so that they can gain an understanding of 

geometry; (c) to help students from level 1 to level 2, it is necessary to be given challenging questions (Ersoy 

et al., 2019). At the visualization level, 3D objects can be visually compared by paying attention to certain 

elements such as vertices, edges, faces, and others (Akkurt Denizli & Erdoğan, 2022).  

Second level is Analysis, which is student activity characterized by their ability to recognize or identify 

geometric objects so that students can classify based on the properties that have been understood (Bonyah 

& Larbi, 2021). In this case, the student thinks of all forms of building based on the pictures shown to him. 

For example, students are not only talking about a specific rectangle but can also generalize all 2D or 3D 

shapes that involve a rectangle. At this level, 3D objects can be compared according to their characteristics, 

such as angle size, edge length, parallelism, and others. Then the third level is abstraction, students can 

identify the properties of shapes and realize the relationship between one form and another. For example, 

there are four right angles, then the building is rectangular but if the shape is square, then all the corners 

are vertical. At this level, students can understand logical arguments by making informal conclusions 

regarding the characteristics and properties of geometric shapes. The proofs made by students are intuitive 

and are not achieved step by step, but students also understand logical arguments to get accurate results 

(Demir et al., 2023). At this level, 3D objects and their properties can be analyzed based on representations 

or mathematical structures. Students can connect elements (faces, edges, vertices) on 3D objects (Kandaga 

et al., 2022). 

The fourth level is deduction, i.e. students can think about the properties of building space and its 

relationship between buildings. Students understand and formulate the definition of geometric building in 

a meaningful way. If at level 3 students are guided by a system consisting of axioms, definitions, and 

theorems, then at level 4 students think abstractly related to properties to get logical and unintuitive proof 

results (Demir et al., 2023). Students are guided by previously proven theorems, they can bring more 

evidence from other theorems and can understand the process using the induction method (Ersoy et al., 

2019). The last level is rigor, this is the highest level in thinking geometry because students study not only 

one object in geometry but also other objects. Therefore, this level is appropriate for prospective teacher 

students because students can already think about the similarities and differences between axiomatic 

systems (Övez & Özdemir, 2024). 

Based on the description above, it can be seen that there is a correspondence of data sourced from the 

results of interviews with lecturers and prospective elementary school teachers regarding the integration of 

ADMI into the geometric thinking process reviewed from the Van Hiele level. Here are some findings from 

this study: (1) students have difficulty completing tests related to 3D object visualization without using 

ADMI; (2) previous learning experience about 2D geometry is a provision for studying 3D objects; (3) the 

success of students in completing the test involves deductive reasoning. Almost all students said that ADMI 

can make it easier for them to visualize 3D objects because they have been abstract. Students also said that 

the experience of learning 2D objects is the capital to study 3D objects. Learning geometry using ADMI 

can also be a provision of knowledge to learn more complex geometry materials. Therefore, the ADMI-

based geometry learning process can make it easier for prospective teacher students to learn 3D objects, 

and can help students to reach the level of Van Hiele's thinking.  

Students in the low-level category no longer have difficulty when doing Van Hiele's lowest level, namely 

visualizing 3D objects. This is supported by the theory that digital-based AR is a powerful tool to strengthen 

spatial visualization (Flores-Bascuñana et al., 2020). Spatial visualization is a set of mental skills that allow 
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individuals to act to represent geometric objects. Manipulation of 3D geometric shapes through ADMI can 

improve spatial visualization capabilities through virtual elements developed to demonstrate geometric 

properties (Gutierrez, 1990). 

Based on the results of the investigation to the participants, namely lecturers and students, it shows that 

there is a data consistency in the form of: learning geometry using digital-based AR can make it easier for 

students to visualize geometric objects. Not only that, students can also reason when completing the written 

test, this can be seen from the students' answers when completing the test and when answering interview 

questions. Students give plausible reasoning answers during the interview process. The findings are 

supported by a theory that says that geometry can help students improve various skills such as deductive 

reasoning, imaginary visuals, logical arguments, and verification. Basically, in studying geometry, students 

are not only asked to find the correct answer but also the process to find the result (Firmansyah et al., 2022). 

Students carry out the reasoning process not only when completing the geometry problem test but also 

during the interview so that the answers given make sense (Marsitin et al., 2022). Therefore, the results of 

this study can be formulated by grounded theory as shown in figure 7.  

 

 

Figure 7. Contextualization of ADMI to Geometric Thinking  
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From Figure 7, it can be seen that at the stage of open coding, digital-based Augmented Reality can make 

it easier for lecturers to provide understanding to prospective elementary school teacher students. With 

ADMI, students can construct knowledge about two-dimensional geometry to study three-dimensional 

geometry. Students can also easily visualize 2D objects contained in 3D objects with the help of digital-

based Augmented Reality. Then, in axial coding, students can build knowledge about 3D geometry based 

on previous knowledge. Students are also able to reason about geometry using spatial skills. Therefore, at 

the selective coding stage, it was found that the existence of Augmented Reality Digital Module Instruction 

(ADMI) can help students reach the lowest level of Van Hiele, namely visualization skills. Students can also 

do reasoning. Reasoning or thinking process is an important activity in solving mathematical problems 

(Faizah et al., 2022; Sa'adah et al., 2023). Reasoning has a major position in terms of solving geometry 

problems because the thinking process contains a mapping between the structures that students already 

have and other structures that must be inferred based on the equations (Shodikin et al., 2023). 

Conclusion  

Based on the findings and discussions, it shows that Van Hiele's thinking level can be used to identify 

students' thinking skills in understanding or solving geometry problems. Currently, students are still having 

difficulty solving geometry problems related to Van Hiele's level 1, namely 3D object visualization. Students 

admitted that it was easier to solve problems related to 3D geometry visualization if they referred to digital-

based AR. Augmented Reality Digital Module Instruction (ADMI) emerged as a powerful learning design 

that can help students reach Van Hiele's thinking level. Students can do the first level of Van Hiel, namely 

3D object visualization. Students understand 3D geometry by constructing their knowledge, using spatial 

skills, reasoning, and also based on their experience when learning 3D geometry using ADMI. 

The results of this study mean that ADMI has an important role in the Van Hiele geometric thinking level 

because it can help the difficulties of prospective teacher students in doing Van Hiele level 1, namely 

geometry visualization. ADMI can facilitate the geometric thinking process of students when studying 

geometry materials, especially 3D. The experience of students when learning geometry using ADMI is a 

provision to solve more complex geometry problems related to reasoning. The existence of ADMI also 

provides experience and provides students to learn more complex geometry materials. 

Acknowledgments  

Based on research contract letter number: 5.4.88/UN32.14.1/LT/2024, the authors would like to thank 
the Indonesian Collaboration Research of three state universities with legal entities (Universitas Negeri 
Malang, Universitas Terbuka, Universitas Pendidikan Indonesia).   

References 

 Abidin, Z. Z., & Abu, M. S. (2021). The Improvement of Geometric Thinking Levels of Secondary School Students Using 
Geometry Learning Video based on Van Hiele Theory. Modern Perspectives in Language, Literature and 
Education Vol. 9, 2(1), 13–21. https://doi.org/10.9734/bpi/mplle/v9/3633f 

Akil, Y. B., İlhan, O. A., & Sevgi, S. (2022). Investigation of Mathematics Achievements of Eighth Grade Students on 
Transformation Geometry and Van Hiele Geometric Thinking Levels. Bulletin of Education & Research, 44(1), 
85–101. https://search.ebscohost.com/login.aspx?direct=true&db=ehh&AN=159392902&site=ehost-live 

Akkurt Denizli, Z., & Erdoğan, A. (2022). an Investigation on Primary School Students’ 3D Geometric Thinking. 
International Online Journal of Primary Education, 11(1), 168–186. https://doi.org/10.55020/iojpe.1061047 

Alex, J., & Mammen, K. J. (2018). Students’ understanding of geometry terminology through the lens of Van Hiele theory. 
Pythagoras, 39(1), 1–8. https://doi.org/10.4102/pythagoras.v39i1.376 

Anwar, L., Sa’dijah, C., Murtafiah, W., & Huljannah, M. (2024). Adversity quotient of Indonesian prospective mathematics 
teachers in solving geometry higher-order thinking skills problems. Journal on Mathematics Education, 15(1), 79–
98. https://doi.org/10.22342/jme.v15i1.pp79-98 

https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i5.3895


Journal of Ecohumanism 

2024 
Volume: 3, No: 5, pp. 202 – 215 

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online) 
https://ecohumanism.co.uk/joe/ecohumanism  

DOI: https://doi.org/10.62754/joe.v3i5.3895  

214 

 

Barratt, M. J., Ferris, J. A., & Lenton, S. (2015). Hidden populations, online purposive sampling, and external validity: Taking 
off the blindfold. Field methods, 27(1), 3-21. https://doi.org/10.1177/1525822X14526838 

Bonyah, E. & Larbi, E. (2021). Assessing van Hiele’s geometric thinking levels among elementary pre-service mathematics 
teachers. African Educational Research Journal, 9(4), 844–851. https://doi.org/10.30918/aerj.94.21.119 

Demir, E., İlhan, O. A., & Sevgi, S. (2023). Investigation of Seventh Grade Students van Hiele Geometric Thinking Levels 
in Circle Subject. Bulletin of Education & Research, 45(1), 95–118. 
https://search.ebscohost.com/login.aspx?direct=true&db=ehh&AN=164603744&site=ehost-live 

Elsayed, S. A., & Al-Najrani, H. I. (2021). Effectiveness of the Augmented Reality on Improving the Visual Thinking in 
Mathematics and Academic Motivation for Middle School Students. Eurasia Journal of Mathematics, Science and 
Technology Education, 17(8), 1–16. https://doi.org/10.29333/ejmste/11069 

Ersoy, M., İlhan, O. A., & Sevgi, S. (2019). Analysis of the Relationship between Quadrilaterals Achievement Levels and Van 
Hiele Geometric Thinking Levels of the Seventh Grade Students. Higher Education Studies, 9(3), 1. 
https://doi.org/10.5539/hes.v9n3p1 

Eversberg, L., & Lambrecht, J. (2023). Evaluating digital work instructions with augmented reality versus paper-based 
documents for manual, object-specific repair tasks in a case study with experienced workers. International Journal 
of Advanced Manufacturing Technology, 127(3–4), 1859–1871. https://doi.org/10.1007/s00170-023-11313-4 

Faizah, S., Nusantara, T., Sudirman, & Rahardi, R. (2022). Constructing Students’ Thinking Process through Assimilation 
and Accommodation Framework. Mathematics Teaching-Research Journal, 14(1), 253–269. 

Firmansyah, F. F., Sa’dijah, C., Subanji, S., & Qohar, A. (2022). Characterizations of Students’ Metacognition in Solving 
Geometry Problems through Positioning Group Work. TEM Journal, 11(3), 1391–1398. 
https://doi.org/10.18421/TEM113-50 

Flores-Bascuñana, M., Diago, P. D., Villena-Taranilla, R., & Yáñez, D. F. (2020). On augmented reality for the learning of 
3D-geometric contents: A preliminary exploratory study with 6-grade primary students. Education Sciences, 
10(1). https://doi.org/10.3390/educsci10010004 

Gutierrez, A. (1990). Visualization in 3-Dimensional Geometry: In Search of a Framework.  Institucion Valenciana de 
Estudios e Investigacion, 3-19. 

Hwang, W. Y., Hoang, A., & Tu, Y. H. (2020). Exploring Authentic Contexts with Ubiquitous Geometry to Facilitate 
Elementary School Students’ Geometry Learning. Asia-Pacific Education Researcher, 29(3), 269–283. 
https://doi.org/10.1007/s40299-019-00476-y 

Istanti Suwandayani, B., Sa’dijah, C., Setyosari, P., Suyono, & Salina Mustakim, S. (2023). Learning Mathematics Using 
Augmented Reality for Elementary School Students. Journal for Re Attach Therapy and Developmental 
Diversities, 6(1), 450–467. https://jrtdd.com 

Kandaga, T., Rosjanuardi, R., & Juandi, D. (2022). Epistemological Obstacle in Transformation Geometry Based on van 
Hiele’s Level. Eurasia Journal of Mathematics, Science and Technology Education, 18(4). 
https://doi.org/10.29333/ejmste/11914 

Mahlaba, S. C., & Mudaly, V. (2022). Exploring the relationship between commognition and the Van Hiele theory for 
studying problem-solving discourse in Euclidean geometry education. Pythagoras, 43(1), 1–11. 
https://doi.org/10.4102/pythagoras.v43i1.659 

Marsitin, R., Sa’dijah, C., Susiswo, S., & Chandra, T. D. (2022). Creative Mathematical Reasoning Process of Climber 
Students in Solving Higher Order Thinking Skills Geometry Problems. TEM Journal, 11(4), 1877–1886. 
https://doi.org/10.18421/TEM114-56 

Naufal, M. A., Abdullah, A. H., Osman, S., Abu, M. S., & Ihsan, H. (2021). The effectiveness of infusion of metacognition in 
van Hiele model on secondary school students’ geometric thinking level. International Journal of Instruction, 
14(3), 535–546. https://doi.org/10.29333/iji.2021.14331a 

Övez, F. T. D., & Özdemir, E. (2024). An examination of pre-service teachers ’ Van Hiele levels of geometric thinking and 
proof perception types in terms of thinking processes. 19(January), 26–39. 
https://doi.org/10.5897/ERR2023.4386 

Rossano, V., Lanzilotti, R., Cazzolla, A., & Roselli, T. (2020). Augmented Reality to Support Geometry Learning. IEEE 
Access, 8(June), 107772–107780. https://doi.org/10.1109/ACCESS.2020.3000990 

Sa’adah, N., Faizah, S., Sa’dijah, C., Khabibah, S., & Kurniati, D. (2023). Students’ Mathematical Thinking Process in 
Algebraic Verification Based on Crystalline Concept. Mathematics Teaching-Research Journal, 15(1), 90–107. 

Schoevers, E. M., Kroesbergen, E. H., Moerbeek, M., & Leseman, P. P. M. (2022). The relation between creativity and 
students’ performance on different types of geometrical problems in elementary education. ZDM - Mathematics 
Education, 54(1), 133–147. https://doi.org/10.1007/s11858-021-01315-5 

Shodikin, A., Murniasih, T. R., Faizah, S., & Ekawati, D. W. (2023). Students’ Analogical Reasoning in Solving Geometry 
Problems Viewed from Visualizer’s and Verbalizer’s Cognitive Style. … Dan Pembelajaran, 6(3), 330–338. 
https://ejournal.undiksha.ac.id/index.php/JP2/article/download/60960/27598/197792 

Sudirman, Runisah, Kusumah, Y. S., & Martadiputra, B. A. P. (2023). Epistemological Obstacle in 3D Geometric thinking: 
Representation, Spatial Structuring, and Measurement. Pegem Journal of Education and Instruction, 13(4). 
https://doi.org/10.47750/pegegog.13.04.34 

Sudirman, Garcia-Garcia, J., Rodriguez-Nieto, C. A., & Son, A. L. (2024). Exploring Junior High School Students' Geometry 
Self-Efficacy in Solving 3D Geometry Problems Through 5E Instructional Model Intervention: A Grounded 
Theory Study. Infinity: Journal of Mathematics Education, 13(1), 215-232, 
https://doi.org/10.22460/infinity.v13i1.p215-232 

Tall, D. (2014). Making Sense of Mathematical Reasoning and Proof. 2008, 223–235. https://doi.org/10.1007/978-94-007-
7473-5_13 

https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i5.3895


Journal of Ecohumanism 

2024 
Volume: 3, No: 5, pp. 202 – 215 

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online) 
https://ecohumanism.co.uk/joe/ecohumanism  

DOI: https://doi.org/10.62754/joe.v3i5.3895  

215 

 

Tall, D., Nogueira, R., & Healy, L. (2013). Evolving a Three - World Framework for Solving Algebraic Equations in the 
Light. 1–23. 

Yorulmaz, A., & Çilingir Altıner, E. (2021). Do Geometry Self-Efficacy and Spatial Anxiety Predict the Attitudes Towards 
Geometry? Mimbar Sekolah Dasar, 8(2), 205–216. https://doi.org/10.53400/mimbar-sd.v8i2.35914. 

 

https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i5.3895

