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ABSTRACT 

 
Spatial ability is important in learning geometry, especially related to 3D shapes. This study aims to 

analyze students' spatial ability based on van Hiele's geometry thinking level. The research was 

conducted with a qualitative case study approach involving 23 students of grade VIII at one of the 

public junior high schools in Bandung, West Java. The researchers gave two types of tests to students, 

namely spatial tests based on spatial perception, visualization, mental rotation, spatial relation, and 

spatial orientation elements, as well as geometry thinking tests based on van Hiele's five levels of 

thinking, namely visualization, analysis, informal deduction, deduction, and rigor. The results show 

that about half of students reached the visualization level with low spatial orientation ability, while 

the rest of students have not reached the visualization level with very low spatial orientation ability. 

The spatial ability of students in the spatial perception element is categorized as high, in the 

visualization and spatial relation elements is categorized as sufficient, and in the mental rotation 

element is categorized as low. Students' ability to see objects from various directions and to rotate 

objects still needs to be improved. 

 

Keywords: geometry education; spatial ability; van Hiele 

 

INTRODUCTION 

Spatial ability is one of the important abilities needed by every person. Spatial ability 

is useful in various activities in everyday life, especially for those who work in computer-

graphics, engineering, architects, interior design, chemistry, geology and so on (Ishikawa & 

Newcombe, 2021; Subroto, 2012). Besides that, spatial ability can affect a person's 

intellectual intelligence in addition to verbal ability and numerical ability (Linn & Petersen, 

1985; Wai et al., 2009). National Academy of Science also states that the mathematical 

abilities that students must have include skills in combining aspects of space, representation, 

and reasoning processes (Adam & Zulkarnaen, 2019). The skill in combining these spatial 

aspects is included in spatial ability. As stated by Sipus and Cizmesija (2012) that spatial 

ability is an intuition about shapes and the relationships between them. There are 5 elements 

of spatial ability divided by Maier (1998), namely spatial perception, visualization, mental 

rotation, spatial relation, and spatial orientation. The results of previous studies show that 

students who have high spatial ability will have better performance in lessons, scientific 

reasoning, and creative thinking, especially in learning math geometry material (Atit et al., 

2020; Chao & Liu, 2016; Mananeke et al., 2017). Therefore, it is important for someone to 

have good spatial ability.  

There are students that still have low spatial ability. Research of Kariadinata, 

Yaniawati, Juariah, Susilawati, and Cahyana (2019) obtained the initial results of the spatial 
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ability test with the highest score of 50 and the lowest score was 15, and the average score 

was 43.18 (on a scale of 100). In addition, Hutagalung, Sinaga, and Syahputra (2021) 

research reinforces that 15 out of 23 students still have low spatial ability. This shows that 

the spatial ability of most students is still low.  

Low spatial ability can affect students in solving geometry-related problems. There are 

still students who have difficulty when working on problems related to spatial orientation 

(Adam & Zulkarnaen, 2019).  Students who have low spatial ability do not understand the 

geometry material, so they cannot connect the properties of space shapes, connecting objects 

with others in a form of flat side space shapes (Hutagalung et al., 2021). Though one of the 

spatial ability, visualization, can help students to understand and simplify the problem in 

learning geometry materials (Alghadari & Herman, 2018). So, spatial ability helps students 

in learning and solving problem about geometry. 

When learning geometry, students go through van Hiele’s stages of thinking. There 

are five stages of geometry thinking stated by van Hiele, namely level 0 (visualization), level 

1 (analysis), level 2 (informal deduction), level 3 (deduction), and level 4 (rigor) (Crowley, 

1987; Hiele, 1999; Sudihartinih & Wahyudin, 2019; VanHiele, 1959). Students who have 

low achievement in solving geometry problems because students are not accustomed to 

solving these types of problems, weaknesses in remembering prior knowledge, and lack of 

problem solving frameworks (Rusyda et al., 2017). Student errors can be divided into 3 

categories, namely type err1 due to slips or small errors, type err2 due to conceptual errors, 

and type err3 due to procedural errors (Makhubele, Nkhoma, & Luneta, 2015; Sudihartinih, 

2018). Therefore, this research aims to identify students' spatial ability based on the 

achievement of students' geometry thinking stages. Then also analyzed if there are errors 

that students make in solving spatial geometry-related problems, and what factors cause 

students to be wrong in answering these questions. 

 

RESEARCH METHODS 

 This study used a qualitative approach with a case study research type to analyze the 

spatial ability of 23 grade VIII students at one of the public junior high schools in Bandung 

City, West Java consisting of 14 girls and 9 boys. Data collection activities were carried out 

using triangulation data, namely tests, interviews, and theories.  

The test was conducted by giving 25 multiple choice questions of van Hiele geometric 

thinking adapted from Usiskin (1982) and 15 multiple choice questions which were divided 

into three questions per element of Maier’s spatial ability. The test was conducted online 

using google forms and lasted for 1 hour. 

 

RESULTS AND DISCUSSION 

The results of the van Hiele geometry thinking test showed that of the 23 students 

who took the test, 12 students were categorized into level pre 0 and 11 other students were 

categorized into level 0. Students who categorized into pre 0 level does not reach standard 

of level 0 category.  

Based on research by van Hiele students cannot advance to a higher level (level 𝑛) 

without passing through a lower level (level 𝑛-1) (Sudihartinih & Mulyana, 2014). It means 
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pre 0 level students still cannot name, compare, and operate geometric figures perfectly 

according to its appearance. At level 0, if there is a slight change in the shape, students will 

see it as a different shape. For example, a square if its position is rotated 45° from vertical, 

students may see it as a rhombus, no longer a square (Walle, 2007). This students’ category 

level of geometry thinking a bit different from some studies that junior high school students 

only reach level 0 to level 2 in van Hiele's theory (Muhassanah et al., 2014; Sofyana & 

Budiarto, 2013). These results showed that students’ level of geometry thinking still very 

low. 

Then for the results of the spatial ability test after calculating the average percentage 

of spatial ability of students at level pre 0 per indicator according to the criteria for the level 

of spatial ability according to Hafizin (2017). The results are shown in Table 1. 

Table 1. Category of Students’ Spatial Ability 

Based on Table 1 that the spatial perception ability of pre 0 level students and level 

0 students is in the high category, meaning that students are able to observe well the 

condition of an object placed in a vertical or horizontal position. Then for the ability of 

visualization and spatial relation, pre 0 level students and level 0 students are categorized as 

sufficient, meaning that students are quite capable of visualizing the displacement or change 

in the parts of an object and quite understand the form of an object or the relationship 

between one part and another. Then for mental rotation ability, pre 0 and level 0 students 

are categorized as low, meaning that students are not yet able to mentally rotate a two-

dimensional or three-dimensional building. And the category for spatial orientation ability 

for pre 0 level students is very low, meaning that pre 0 level students have not been able to 

orient an object in various points of view, while for level 0 students get a low category, 

meaning that level 0 students are not sufficiently able to orient an object in various points of 

view.  

The difference in this achievement of students' spatial geometry skills is in 

accordance with what is explained by Sulistiowati, Herman, and Jupri (2019) that solving 

geometry-related problems will differ between students at each level of geometry thinking, 

students with lower levels of geometry thinking will have more difficulty than students who 

are at higher levels of geometry thinking. This can also be seen from the results that in the 

spatial orientation ability of pre 0 level students is lower than the spatial orientation ability 

of level 0 students. 

In general, the spatial geometry skills of eighth-grade students remain limited, as 

indicated by interviews with mathematics teachers showing that only one or two students 

Elements of 

Spatial Ability 

Average Percentage 

of Pre 0 Level 

Student Ability   

Pre 0 Level 

Student Ability 

Category 

Average 

Percentage of 

Level 0 Student 

Ability   

Level 0 Student 

Ability Category 

Spatial 

perception 
66,67% High 63,64% High 

Visualization 50% Sufficient 42,42% Sufficient 

Mental rotation 27,78% Low 33,33% Low 

Spatial relation 41,67% Sufficient 51,51% Sufficient 

Spatial 

orientation 
19,44% Very low 27,27% Low 
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demonstrate strong spatial abilities. This condition is closely related to students’ weak 

reasoning skills, which hinder their understanding of spatial concepts. Since spatial ability 

requires adequate reasoning processes, spatial representations, and conceptual understanding 

(Adam & Zulkarnaen, 2019)), insufficient reasoning inevitably affects students’ spatial 

performance. Consistent with this, Susilawati and Suhendra (2025) found that students with 

lower initial abilities tend to rely on imitative and procedural reasoning, emphasizing the 

need for learning approaches that strengthen students’ reasoning to support the development 

of spatial geometry skills.  

Based on the students' test results, there are several errors that can be categorized 

into err1 type, err2 type, and err3 type errors, according to the categorization of errors by 

Makhubele, Nkhoma, and Luoleh (in Sudihartinih, 2018). Err1 (slip) type errors were made 

by students including S5 because they clicked the wrong answer option due to not focusing 

when working.  

Figure 1. Example of Error 1 Type by S21 

In addition, students were not careful in reading the problem, as in Figure 1. Students 

did not read the word "not" in the problem. So instead, they chose a shape that was similar 

to the one in the question.  

 

Figure 2. Example of Error 2 Type Error by S13 
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Then the error type error2 (concept error) made by students including by S13 as in 

Figure 2 because students do not understand the diagonal plane of the cube so that they only. 

Answer based on direct observation of the image in the problem, this is in accordance with 

the achievement of geometric thinking level which only reaches level 0. 

Figure3. Example of Err2 Type Error by S1 

 

In addition, S1 also answered the problem as in Figure 3 because he could not 

mention the name of the shape in the problem correctly and did not see that option 2 was the 

same type of shape as the one in the problem. 

 

Figure 4. Example of Err2 Type Error by S17 

 

Then for the problem as in Figure 4, it was not answered correctly by S17 because 

S17 did not understand the degree of angle, so he only rotated the object without paying 

attention to the degree of rotation.  
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Figure5. Example of Err2 Type Error by S14 

Then S14 made an error type err2 in the problem as in Figure 5 because he answered 

based on limited knowledge of the shape of the quadrilateral pyramid net, so he chose a net 

that looked familiar without paying attention to the location of the marks on both sides of 

the pyramid.  

 

Figure 6. Example of Err2 Type Error by S19 

Another example is the mistake made by S19 regarding the construction of the 

building based on the front, right, and top views as in Figure 6. S19's lack of skills in 

constructing the building caused him to answer the question incorrectly. 



 

 

PRISMA                                                               54                        Vol. 15, No. 1, June 2026 

Sabila Mukhlishonisa , Al Jupri, Jarnawi Afgani Dahlan  

 

 

Figure 7. Example of Err2 Type Error by S14 

Furthermore, the error type err3 was made by S18 in answering the question as in 

Figure 7 because he did not apply the understanding he had gained about the net of a 

pentagonal prism to answer the question. S18 answered based on direct observation of the 

shape of the shape in the problem without paying attention to what flat shapes build the 

upright side of the prism. This is also in accordance with his van Hiele geometry level of 

thinking which only reaches level 0 which pays attention to the shape of the shape without 

paying attention to the properties of the shape.  

 

Figure 8. Example of Err3 Type Error by S1 

In addition, error type err3 was made by S1 in answering the question as in Figure 8, 

where S1 was wrong in choosing the side of the beam with the exact same size as the side 

asked in the question. Even though when asked again about which pairs of sides are facing, 

S1 has answered correctly. 

Based on the errors made by students according to the classification of errors 

according to Makhubele, Nkhoma, and Luneta (in Sudihartinih, 2018) above, it is known 

that the factors that cause student errors are divided into internal and external factors. Internal 

factors from students, namely from err1 type errors that students' readiness in answering 

questions that affect student focus, from err2 and err3 type errors that students' understanding 

of geometry concepts and students' ability to imagine geometric shapes along with changes 
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in conditions on the plane are still not good so that students are still not precise in answering 

questions.  

In addition, the level of van Hiele geometry thinking achieved by students who only 

reach the pre 0 level and level 0 also affects the spatial thinking process of students. Students 

with pre 0 level of van Hiele geometry have more difficulties when working on problems 

than students with level 0 of van Hiele geometry, as mentioned in the article. Sulistiowati, 

Herman, & Jupri (2019) that the difficulties faced by students with lower levels of geometry 

are more than the difficulties faced by students with higher levels of geometry thinking. 

Students' experience is also a factor, not all students have ever worked on problems similar 

to those given by the researchers, in learning the teacher rarely gives problems that focus on 

all spatial elements, only problems related to the net of a space that has been given to 

students.  

While the external factors are environmental conditions when students get flat-sided 

geometry material enforced distance learning affects the understanding gained by students, 

so there are still many students who are wrong in answering spatially related questions. That 

condition also affects students’ focus in solving spatial test. Students say they understand 

the materials better if explained directly by the teacher compared to finding their own 

concepts. Whereas one of the 21st century learning principles should use a student-centered 

learning approach (Zubaidah, 2016). But students are still not used to that learning approach. 

So, because of students' understanding of geometry material is still lacking, it causes 

students’ difficulty in answering questions related to spatial geometry. 

 

CONCLUSION 

The spatial ability of students based on van Hiele's geometry level of thinking is for 

spatial perception ability has reached a high category, for visualization and spatial relation 

ability is categorized as sufficient, for mental rotation ability is still low. As for spatial 

orientation ability, it is different between pre level 0 students and level 0 students, where the 

ability of level 0 students is categorized as low and the ability of pre level 0 students is still 

very low. 

The errors made by students include err1 type errors (slip) due to errors in answering, 

err2 type errors due to students' lack of understanding and skills regarding spatial, and err3 

type errors because students have not applied their understanding of geometry material to 

answer spatial questions. 

The factors that cause these errors are students' lack of readiness and experience in 

solving spatial problems, lack of students' and understanding, and students' van Hiele 

geometry thinking level. While the external factor is the condition of distance learning so 

that the understanding gained by students is not intact. 

Future research is expected to make instruments with real objects related to spatial 

problems and do the research about methods and learning strategies to improve spatial 

ability effectively. 
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