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ABSTRACT 
Geometry is one of the required mathematics courses for students at every educational level. This study examined 
mathematics teachers’ perspectives on the important aspects of learning geometry. Three junior high school 
mathematics teachers participated in this study, which formed the basis for this exploratory investigation. A 
qualitative approach was used for this study and interviews were conducted to gather data. Using semi-structured 
interviews, each teacher’s conversation lasted between thirty and one hour. The teachers’ perspective highlighted 
three cognitive abilities to consider when assisting students in learning geometry: spatial thinking, problem-solving 
abilities, and higher-order thinking skills (HOTS). Spatial thinking is one of the skills that students must acquire to 
make geometry easier to study. Students’ mental visualization and manipulation of geometric objects is a 
component of spatial thinking. Students’ ability to perceive objects holds the key to understanding geometry 
holistically. Problem-solving proficiency and HOTS are other areas in which students continue to struggle. 
Introducing students to problem-solving exercises can be a beneficial exercise for improving their thinking skills, 
which in turn will help familiarize them with HOTS. Teachers provide contextual problems as a way to help students 
overcome their inability to understand the mathematical context of geometry, which makes geometry easier for 
them to understand. 
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INTRODUCTION 

Students can acquire conceptual understanding and actively 
construct knowledge from prior knowledge and experiences, as well as 
be aware of the practical applications in ordinary life, which is one of 
the primary reasons for effective teaching and learning (Slavin, 2018). 
This concept is also applied to the study of geometry, which is classified 
as a branch of mathematics. Children begin to develop an 
understanding of geometry concepts at a young age, beginning with the 
recognition of basic shapes and progressing to the ability to differentiate 
between examples and non-examples of specific geometric figures 
(Clements & Sarama, 2020; Clements et al., 2018). The ability to excel 
in mathematics may be a challenge for individuals who lack an 
understanding of geometry conceptually (Ayan & Isiksal-Bostan, 2019; 
Hwang et al., 2019). Consequently, to guarantee that students 
comprehend the fundamental principles of geometry and can effectively 
apply them in practical situations, educators must implement 
innovative teaching methods and resources.  

Students may encounter difficulties in learning geometry, including 
the inability to understand geometric concepts and the inability to 
visualize geometric figures (Battista et al., 2018; Taylor et al., 2023). The 

inability of students to visualize geometric figures may be attributed to 
their lack of spatial thinking abilities which encompasses visualization 
abilities, which enable individuals to mentally identify, generate, or 
manipulate geometric figures (Lowrie et al., 2019). Studies indicated a 
positive correlation between geometry achievement and spatial 
thinking. In comparison to students with lower levels of spatial 
reasoning, those who possess high-level spatial thinking skills tend to 
accomplish superior results in geometry and mathematics (Adams et al., 
2023; Battista et al., 2018; Sinclair et al., 2018). Geometric reasoning is 
closely associated with spatial thinking, which allows students to 
reimagine and reinforce the concept of geometry (Buckley et al., 2019; 
Novita et al., 2018). Some students may experience difficulty in applying 
geometric principles to problem-solving situations (Harris et al., 2021) 
and may struggle to comprehend the relevance of geometry to their 
daily lives (Hwang et al., 2019), in addition to the absence of spatial 
thinking. Students who flourish in problem-solving activities are more 
likely to possess exceptional spatial thinking abilities (Buckley et al., 
2019; Harris et al., 2021). Students can cultivate higher-order thinking 
abilities by engaging in problem-solving, which necessitates the 
execution of analysis and evaluation during the process of problem-
solving (Casey & Fell, 2018; Hodiyanto, 2018; Nurkaidah et al., 2021).  
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Considering the crucial role of spatial thinking, problem-solving 
and higher-order thinking skills (HOTS), implementing those thinking 
skills in learning will have a positive impact on students’ successful 
learning of geometry. The utilization of manipulatives and hands-on 
activities can captivate students and render abstract geometric concepts 
more tangible (Chaumba & Chaumba, 2023; Novita et al., 2018; 
Patahuddin et al., 2018). For instance, students may find it easier to 
comprehend and visualize the concepts of volume and surface area 
when they are taught using construction blocks (Chaumba & Chaumba, 
2023). Teachers can also develop educational activities that utilize tools 
such as puzzles to be used as learning media to assist students in 
developing their understanding of geometry (Bofferding & Zhu, 2023). 
The utilization of visual technologies in learning activities shows a 
positive effect on enhancing students’ proficiency in geometry 
(Abdullah et al., 2022; Yahya et al., 2021). Moreover, distance learning 
can be facilitated through the use of spatial-based technology (Eroğlu, 
2023).  

Despite the numerous learning methods, teachers have remained 
instrumental in assisting students in unlocking their full potential and 
nurturing confidence and proficiency in geometry by addressing 
obstacles and offering innovative instruction. Teachers are required to 
actively engage students in geometry learning by participating in 
ongoing professional development to remain informed about the most 
recent teaching methods and strategies. By consistently improving their 
instructing abilities, teachers can ensure that they are providing the 
most effective instruction to help students achieve success in learning 
geometry. The impact of effective geometry instruction is not limited 
to academic achievement; it also promotes the cultivation of higher-
order thinking abilities, problem-solving skills, and a strong foundation 
for future success in both academic and professional contexts (Bognar 
et al., 2024; Clements, 2003). The objective of this research was to 
investigate the important aspects for students in learning geometry, as 
perceived by teachers. 

METHODOLOGY 

Data was collected through interviews in this preliminary 
investigation using a qualitative approach. This study aimed to examine 
the viewpoints of junior high school mathematics teachers. The 
purposive convenient sampling method was employed to select the 
participants in this study. The researcher is able to select participants 
who are willing and able to participate in the study through purposeful 
expedient sampling (Creswell & Guetterman, 2019). Nevertheless, the 
researchers established certain participant criteria, such as an academic 
degree and teaching experience. Participants in this study were required 
to have at least a bachelor’s degree in mathematics education and a 
minimum of five years of teaching experience. As a consequence, three 
senior mathematics teachers were included as participants. Each of the 
three senior mathematics teachers who participated in this research was 
interviewed for a maximum of one hour. The semi-structured 
interviews were conducted with individuals to obtain information and 
their perspectives as senior mathematics teachers regarding the needs 
of junior high school students in the study of geometry.  

The outcomes of each interview were transcribed and analyzed in 
order to address the research questions:  

1. What challenges do junior high school students encounter 
when studying geometry? 

2. What are the methods for teaching students about geometry? 

The results of these two substantial research queries will indicate 
the important aspects students must possess to learn geometry 
successfully. 

RESULTS 

The results of interviews from each participant (later will be 
addressed by number for each individual) were presented and analyzed 
to address the two research questions. 

Challenges Encountered by Students When Studying Geometry 

The interview revealed that there are typically four challenges 
commonly encountered by students. Table 1 provides a concise 
overview of the challenges that students face when studying geometry, 
as indicated by teachers. 

These difficulties are resented in the following transcript data 
according to the interviews from each teacher. 

1. Visualizing geometric objects 

Students often face challenges in visualizing geometric objects 
especially when they have to imagine and capture the visualization of 
objects into drawing figure representations.  

P1: “If students just read or hear from the teacher, they will 
typically struggle to visualize geometric objects. Ehm … 
moreover if they were asked to draw the objects. They will ask 
me to give them an example first.” 

P2: “I noticed that children had trouble visualizing geometric 
shapes in their heads. For example, if I present material and ask 
my students to express it, they will struggle. For another 
example, they found it difficult when I asked students to draw 
a geometric shape with the following characteristics: The 
quadrilateral ABCD has all sides of the same length, with point 
E being the midpoint of side AB and F being the midpoint of 
side AD. Then I ask pupils to design a triangle in ABCD that 
connects points E and F.”  

P3: “Of course, not all students... but most students find it hard 
to draw geometry shapes if they only read the question, 
especially if the question is different from the example that was 
given before ... They won’t be able to figure it out.” 

It is imperative to possess the capacity to visualize in order to 
mentally capture the images of geometric objects, which is essential for 
the study of geometry. This is consistent with the argument that spatial 
thinking and STEM learning are closely related, as STEM learning is 
facilitated by visualization, while visualization is facilitated by the 
capacity to perceive space, which is also true of spatial thinking (Taylor 

Table 1. Challenges in learning geometry 

Difficulties 

Participants (P) 

P1 P2 P3 

Visualizing geometric objects + + + 
Seeing the relations among geometric objects – + + 
Applying geometry concepts into real-life problems + + + 
Solving problems related to combined geometric objects + + + 
Note. The plus sign (+) means that participants mentioned the difficulty during the 
interviews and the minus sign (–) means that participants did not mention the difficulty. 
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et al., 2023). The example provided by P2 demonstrates that students 
who encounter challenges in solving problems typically possess a low 
level of spatial visualization ability. Spatial visualization facilitates the 
generation, transformation, and visualization of object movements in 
2D and 3D space (Battista et al., 2018; Patahuddin et al., 2022). 

2. Seeing the relations among geometric objects 

Two participants agreed that students tend to have difficulties 
seeing the relation among geometric objects. Some students were 
confused while attempting to differentiate between various shapes or 
encountered challenges in perceiving the links between distinct shapes. 

P2: “Yes, most students indeed struggle to see the relation 
between geometric objects. It can be hard for students to tell the 
difference between squares and rhombuses. Some kids even 
mix up rectangles and cuboids haha but it is a rare case … just 
for students with low levels of mathematics.” 

P3: “If we talk about how geometric objects are related to each 
other, I think most of the students still can’t see it, especially the 
ones who aren’t good at mathematics.” 

The degree of students’ comprehension of geometry concepts, 
including the concepts of shapes, is demonstrated by their capacity to 
identify the relationship between geometric objects (Clements et al., 
2018). Shape is a fundamental concept in the cognitive development of 
children, as they begin to develop a conceptual comprehension of the 
geometric figure at a young age. The successful development of the 
conceptual comprehension of geometric figures is demonstrated by the 
ability of children to identify between examples and non-examples of 
specific shapes (Clements & Sarama, 2020; Clements et al., 2018). The 
ability of HOTS can also be demonstrated through the identification 
process, as it involves the analyzing and evaluating processes, which are 
both part of the HOTS cognitive process (Krathwohl, 2002). The 
incapacity to erroneously identify 3-D figures as 2-D is primarily 
attributed to the students’ deficiency of geometric understanding (Ayan 
& Isiksal-Bostan, 2019). This leads us to the recognition that perceiving 
connections between geometric objects necessitates a complex 
cognitive process, as students must develop a conceptual 
comprehension of geometry concepts and HOTS.  

3. Applying geometry concepts into real-life problems 

The participants highlighted an additional challenge encountered 
by students in their study of geometry, which is the application of 
geometric concepts to real-world problems. Put simply, students will 
encounter challenges when attempting to solve geometry problems that 
are connected to real-world situations. 

P1: “It can be somewhat difficult for students to apply geometry 
concepts to real-world problems. Particularly if students still do 
not completely understand geometric concepts.” 

P2: “When students have to solve real-life geometry problems, 
they often find it hard to use what they’ve learned in class.” 

P3: “Students must be guided in solving real-life geometric 
problems using what they have learned about geometry 
concepts because they get confused when it comes to applying 
them.” 

The conceptual understanding of students may be the root cause of 
their inability to apply geometry concepts to real-life issues. This is 
consistent with the research conducted by Ayan and Isiksal-Bostan 
(2019), which investigated the challenges encountered by middle school 
students in Turkey when confronted with geometry problems. Students 
frequently employ incorrect strategies to resolve problems due to their 
inability to identify the context of real-life problems related to 
geometry, which is a consequence of their lack of conceptual 
understanding (Ayan & Isiksal-Bostan, 2019). 

4. Solving problems related to combined geometric objects 

The final issue that all three participants identified was the difficulty 
students experience when attempting to solve problems involving 
combined geometric objects. 

P1: “Most of the time, it takes my students longer to finish math 
problems with shapes that are made up of more than one 
geometric objects.” 

P2: “Students usually have trouble figuring out the area of a 
shape made up of two or more geometric objects when they are 
given that shape … This could be because it takes them longer 
to understand the shape.” 

P3: “While it’s true that not every student struggles the same, 
many times students will make mistakes when attempting to 
solve geometry problems involving several shapes.” 

Students’ challenges in resolving geometry problems that involve 
combined geometric objects may be caused by their lack of spatial 
ability, particularly spatial structuring ability. Spatial structuring is a 
mental process that involves the construction of spatial organization or 
form for an object or set of objects, and this process allows us to identify 
the individual components of the object or to combine them among 
objects (Battista et al., 2018). Other research has demonstrated that 
students are better at identifying shapes than at connecting the 
mathematical context to calculations which has the potential to affect 
the problem-solving processes of students, as they may encounter 
difficulty in solving problems that entail calculations, even if they are 
able to identify the shapes involved (Altay et al., 2017). 

Methods For Teaching Students About Geometry 

 Teachers can use a variety of methods to help students learn 
geometry, and the interviews revealed common teaching methods used 
by participants as junior high school mathematics teachers. Participants 
mentioned teaching methods in Table 2, which can help students 
overcome or lessen the challenges they face when learning geometry. 

The three participants were nearly unanimous in their agreement 
regarding all three of the summarized teaching methods, with the 
exception of contextual problem-solving activities. The use of visual 
representations by teachers was indicated by the fact that all three 
participants identified teaching mathematics visually as their primary 

Table 2. Geometry teaching methods 

Teaching methods 

Participants (P) 

P1 P2 P3 

Teaching mathematics visually + + + 
Using contextual problem-solving activities – + + 
Motivating students to engage in higher-order thinking + + + 
Note. The plus sign (+) means that participants mentioned the difficulty during the 
interviews and the minus sign (–) means that participants did not mention the difficulty. 
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method. Teachers frequently employed this approach to address 
students’ difficulties in visualizing geometric objects, as indicated by the 
interviews. 

P1: “To assist students in visualizing specific geometric shapes, 
I typically utilize geometric media. I’ll use folded paper that has 
been formed into two-dimensional figures, for instance.” 

P2: “If students struggle to visualize a specific geometric shape, 
I typically present a picture of the shape. For instance, when 
discussing 2D shapes, I may cut paper into geometric shapes.” 

P3: “Students usually find it easier to understand geometric 
shapes if I show them examples in picture form first.” 

Students’ spatial visualization abilities will be enhanced by the 
implementation of visual representations in geometry instruction, as 
they will be able to mentally visualize geometric figures with greater 
ease (Clements et al., 2018; Hawes et al., 2017). The use of problem-
solving activities also can be a valuable method for students moreover 
using the contextual problems that are linked to geometry contexts 
(Harris et al., 2023).  

P2: “Sometimes I would give students opportunities to work in 
groups and address contextual difficulties together. For 
example, when we learn about 3D geometry figures, we will ask 
students to create some boxes or product packaging and 
describe the geometry figures that represent the boxes.” 

P3: “I often give students geometric problems related to 
everyday life in the hope that they can see the relationship 
between geometric contexts and the real world. Then they have 
to talk about how they came up with their answers.” 

Meanwhile, it is already known that problem-solving can also 
promote HOTS (Casey & Fell, 2018; Jailani et al., 2023). Additionally, 
all participants share the same perspective regarding the necessity of 
introducing students to higher-order thinking as a method for helping 
them learn geometry. This is anticipated that this method will help 
students overcome the challenges previously mentioned. 

P1: “I will get students to think during problem-solving tasks 
by asking them questions that make them think more deeply.” 

P2: “When students ask me a question, I won’t answer right 
away. Instead, I’ll ask them something that will make them 
think more.” 

P3: “I occasionally have to challenge my students to reflect more 
thoroughly. For example, if they are having trouble grasping 
the connection between two-dimensional shapes, I will help 
them by asking insightful questions and encouraging them to 
watch again and reflect more thoroughly.” 

The promotion of HOTS in learning activities has a beneficial effect 
on both students’ and teachers’ pedagogical approach, as it enables them 
to more effectively prepare teaching methods that are customized for 
the requirements of the students (Azid et al., 2022). 

DISCUSSION 

The findings indicate that students experience the most difficulty 
with three cognitive abilities: spatial ability (visualization), HOTS, and 
problem-solving. Studies found a strong correlation between 
mathematical achievements and the three cognitive abilities (Buckley et 
al., 2019; Casey & Fell, 2018; Mix, 2019). Buckley et al. (2019) study 
found a relationship between spatial ability and problem-solving 
performance in geometry: the higher the spatial ability, the better the 
problem-solving performance. Casey and Fell (2018) found that spatial 
ability can be used as an indicator of mathematics performance. 
Additionally, Mix’s (2019) study highlights the relationship between 
spatial ability and both problem-solving skills and the development of 
HOTS. According to the analysis results, the first issue is the 
visualization problem. This suggests that students often find it difficult 
to mentally manipulate and visualize geometric figures, which is 
indicative of their limited conceptual understanding of geometry. 

In order to facilitate the development of geometry competence, it is 
imperative that we first develop students’ capacity to recognize 
geometric shapes, as this is a critical component of their cognitive 
development (Clements et al., 2018). The student’s success in learning 
geometry will be dependent upon the effective conceptual development 
of geometry concepts and children begin to cultivate their conceptual 
comprehension of geometric figures during their early childhoods 
(Battista et al., 2018; Clements & Sarama, 2020). Students’ conceptual 
comprehension of geometric figures may be significantly enhanced by 
learning activities that emphasize the cultivation of visual-spatial 
thinking abilities (Clements et al., 2018). This understanding is 
consistent with the findings of this study, which reveal the teacher’s 
viewpoints on the most effective methods for teaching geometry 
visually through the use of visual media, such as physical or pictorial 
geometry representations. Using geometric physical representations, 
such as folded paper or origami paper, greatly improves students’ ability 
to visualize (Cakmak et al., 2014). Teachers can also enhance students’ 
spatial visualization skills and promote their conceptual understanding 
of geometry concepts through the use of pictorial representations such 
as maps and graphs (Newcombe, 2016) or pictures of geometry figures 
(Eroğlu, 2023; Sinclair et al., 2018). Students frequently face another 
three challenges in their geometry studies, indicating a lack of 
proficiency in problem-solving skills and the use of HOTS.  

Introducing students to problem-solving exercises can be a 
beneficial exercise for improving their thinking skills, which in turn 
will help familiarize them with HOTS as the two skills are closely 
interconnected. Nurkaidah et al. (2021) showed the connection 
between spatial ability, problem-solving ability, and HOTS. The 
findings of this investigation suggest that students with low spatial 
abilities were unable to engage in HOTS (analyze, evaluate, develop, 
and create) during the problem-solving process. Students with 
moderate spatial abilities were able to analyze, but they were unable to 
evaluate and create. Students with high spatial abilities were able to 
analyze and evaluate, but they were unable to create. A teaching method 
that involves asking students for guidance questions was suggested by 
the teachers who participated in this study. This method fosters 
students’ thinking skills and motivates them to engage in more in-depth 
thought processes. Students will be encouraged to employ HOTS and 
elevate their problem-solving skills through guidance questions since 
students will conduct a critical analysis of their responses and identify 
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potential solutions (Maclean & Bayley, 2023). Moreover, the 
integration of contextual problem-solving activities not only improves 
students’ problem-solving abilities but also promotes their 
comprehension of theory and its practical application. Hwang et al. 
(2019) demonstrated that the utilization of contextual problem-solving 
significantly improves students’ capacity to estimate, achievements in 
geometry, spatial ability, and comprehension of geometric concepts.  

Teachers have a significant obligation to ensure that students grasp 
these three cognitive abilities accurately throughout geometry lessons, 
as they play a crucial role in facilitating students’ learning. Put simply, 
teachers must possess sufficient expertise in spatial thinking abilities, 
problem-solving, and HOTS before using the methods. Studies imply a 
positive connection between teachers’ spatial thinking abilities and the 
way they teach (Abidin, 2018; Azid et al., 2022; Jailani et al., 2023). 
Teachers that possess strong spatial thinking abilities will employ 
efficient spatial communication techniques to facilitate students’ 
learning. Similarly, teachers who possess exceptional problem-solving 
abilities and HOTS tend to provide impactful learning experiences for 
students. 

CONCLUSION 

According to teachers, three cognitive aspects students need to have 
in order to effectively learn geometry are spatial thinking, problem-
solving skills, and HOTS. This study unveiled the difficulties frequently 
encountered by students while acquiring knowledge in geometry, 
indicating their lack of proficiency in these three cognitive aspects. 
Teachers can incorporate learning activities that include the three 
cognitive aspects due to their mutually beneficial relationships. 

Author contributions: All authors have contributed to conducting the 
research, performing experiments, analyzing data, and writing the 
manuscript. All authors approved the final version of the article. 

Funding: The authors received no financial support for the research and/or 
authorship of this article. 

Ethics declaration: The Ethics Committee at the University of Malaya 
granted approval for this study under the code UM.TNC 2/UMREC. This 
study did not acquire any identifiable information and will not disclose the 
personal data of the participants in any publication. The authors obtained 
written informed consent from all participants prior to their inclusion in 
the study. The study’s purpose, procedures, potential risks, and benefits 
were disclosed to participants, who were also informed of their right to 
withdraw at any time without penalty. 

Declaration of interest: The authors declare no competing interest. 

Data availability: Data generated or analyzed during this study are 
available from the authors on request. 

REFERENCES 

Abdullah, A. H., Wahab, R. A., Mokhtar, M., Atan, N. A., Halim, N. D. 
A., Surif, J., Zaid, N. M., Ashari, Z. M., Ibrahim, N. H., Kohar, U. 
H. A., Hamzah, M. H., & Rahman, S. N. S. A. (2022). Does SketchUp 
Make improve students’ visual-spatial skills? IEEE Access, 10, 13936–
13953. https://doi.org/10.1109/ACCESS.2022.3147476  

Abidin, Z. (2018). Mathematical communication characteristics of pre-
service primary school teacher in explaining the area of trapezoid 
reviewed from school origin. Journal of Research and Advances in 

Mathematics Education, 3(2), 118–126. https://doi.org/10.23917/
jramathedu.v3i2.6784  

Adams, J., Resnick, I., & Lowrie, T. (2023). Supporting senior high-
school students’ measurement and geometry performance: Does 
spatial training transfer to mathematics achievement? Mathematics 

Education Research Journal, 35(4), 879–900. https://doi.org/10.1007/
s13394-022-00416-y  

Altay, M. K., Yalvaç, B., & Yeltekin, E. (2017). 8th grade student’s skill 
of connecting mathematics to real life. Journal of Education and 

Training Studies, 5(10), 158–166. https://doi.org/10.11114/jets.
v5i10.2614  

Ayan, R., & Isiksal-Bostan, M. (2019). Middle school students’ 
proportional reasoning in real life contexts in the domain of 
geometry and measurement. International Journal of Mathematical 

Education in Science and Technology, 50(1), 65–81. https://doi.org/
10.1080/0020739X.2018.1468042  

Azid, N., Ali, R. M., El Khuluqo, I., Purwanto, S. E., & Susanti, E. N. 
(2022). Higher order thinking skills, school-based assessment and 
students’ mathematics achievement: Understanding teachers’ 
thoughts. International Journal of Evaluation and Research in Education, 

11(1), 290–302. https://doi.org/10.11591/ijere.v11i1.22030 

Battista, M. T., Frazee, L. M., & Winer, M. L. (2018). Analyzing the 
relation between spatial and geometric reasoning for elementary 
and middle school students. In K. S. Mix, & M. T. Battista (Eds.), 
Visualizing mathematics: The role of spatial reasoning in mathematical 

thought (pp. 195–228). Springer. https://doi.org/10.1007/978-3-
319-98767-5_10  

Bofferding, L., & Zhu, Y. (2023). Composing tangram puzzles to 
support shape transformation. Mathematics Teacher: Learning and 

Teaching PK-12, 116(7), 503–510. https://doi.org/10.5951/MTLT.
2022.0200  

Bognar, B., Matić, L. J., & Sablić, M. (2024). Professional development 
interventions for mathematics teachers: A systematic review. 
Mathematics Teaching Research Journal, 15(6), 39–58. 

Buckley, J., Seery, N., & Canty, D. (2019). Investigating the use of spatial 
reasoning strategies in geometric problem solving. International 

Journal of Technology and Design Education, 29(2), 341–362. 
https://doi.org/10.1007/s10798-018-9446-3  

Cakmak, S., Isiksal, M., & Koc, Y. (2014). Investigating effect of 
origami-based instruction on elementary students’ spatial skills and 
perceptions. The Journal of Educational Research, 107(1), 59–68. 
https://doi.org/10.1080/00220671.2012.753861  

Casey, B. M., & Fell, H. (2018). Spatial reasoning: A critical problem-
solving tool in children’s mathematics strategy tool-kit. In K. S. 
Mix, & M. T. Battista (Eds.), Visualizing mathematics: The role of 

spatial reasoning in mathematical Thought (pp. 47–75). Springer. 
https://doi.org/10.1007/978-3-319-98767-5_3  

Chaumba, J. B., & Chaumba, J. (2023). Using growth rings on wooden 
blocks and plywood to enhance students’ spatial reasoning skills. 
Journal of College Science Teaching, 52(5), 26–33. https://doi.org/
10.1080/19434898.2023.12290245  

https://doi.org/10.1109/ACCESS.2022.3147476
https://doi.org/10.23917/jramathedu.v3i2.6784
https://doi.org/10.23917/jramathedu.v3i2.6784
https://doi.org/10.1007/s13394-022-00416-y
https://doi.org/10.1007/s13394-022-00416-y
https://doi.org/10.11114/jets.v5i10.2614
https://doi.org/10.11114/jets.v5i10.2614
https://doi.org/10.1080/0020739X.2018.1468042
https://doi.org/10.1080/0020739X.2018.1468042
https://doi.org/10.11591/ijere.v11i1.22030
https://doi.org/10.1007/978-3-319-98767-5_10
https://doi.org/10.1007/978-3-319-98767-5_10
https://doi.org/10.5951/MTLT.2022.0200
https://doi.org/10.5951/MTLT.2022.0200
https://doi.org/10.1007/s10798-018-9446-3
https://doi.org/10.1080/00220671.2012.753861
https://doi.org/10.1007/978-3-319-98767-5_3
https://doi.org/10.1080/19434898.2023.12290245
https://doi.org/10.1080/19434898.2023.12290245


6 / 6 Putri et al. / International Journal of Professional Development, Learners and Learning, 7(2), e2512 

Clements, D. H. (2003). Teaching and learning geometry. In Kilpatrick, 
J., Martin, W. G., & Schifter, D. (Eds.), A research companion to 

principles and standards for school mathematics (pp. 151–178). 
National Council of Teachers of Mathematics. 

Clements, D. H., & Sarama, J. (2020). Learning and teaching early math: 

The learning trajectories approach. Routledge. https://doi.org/
10.4324/9781003083528  

Clements, D. H., Sarama, J., Swaminathan, S., Weber, D., & Trawick-
Smith, J. (2018). Teaching and learning geometry: Early 
foundations. Quadrante, 27(2), 7–31. https://doi.org/10.48489/
quadrante.22970  

Creswell, J. W., & Guetterman, T. C. (2019). Educational research: 

Planning, conducting, and evaluating quantitative and qualitative 

research. Pearson. 

Eroğlu, D. (2023). A virtual manipulative to support rural students in 
developing spatial skills in online distance education: Isometric 
drawing tool. Journal of Necmettin Erbakan University Ereğli Faculty 

of Education, 5(Special Issue), 153–190. 

Harris, D., Logan, T., & Lowrie, T. (2021). Unpacking mathematical-
spatial relations: Problem-solving in static and interactive tasks. 
Mathematics Education Research Journal, 33(3), 495–511. 
https://doi.org/10.1007/s13394-020-00316-z  

Harris, D., Logan, T., & Lowrie, T. (2023). Spatial visualization and 
measurement of area: A case study in spatialized mathematics 
instruction. The Journal of Mathematical Behavior, 70, Article 101038. 
https://doi.org/10.1016/j.jmathb.2023.101038  

Hawes, Z., Moss, J., Caswell, B., Naqvi, S., & MacKinnon, S. (2017). 
Enhancing children’s spatial and numerical skills through a dynamic 
spatial approach to early geometry instruction: Effects of a 32-Week 

Intervention. Cognition and Instruction, 35(3), 236–264. 
https://doi.org/10.1080/07370008.2017.1323902  

Hodiyanto, H. (2018). Pengaruh model problem based learning 
terhadap higher order thinking skills (HOTS) matematis siswa 
[The influence of problem based learning models on students’ 
mathematical higher order thinking skills (HOTS)]. Buana 

Matematika: Jurnal Ilmiah Matematika Dan Pendidikan Matematika, 

8(2), Article 2. https://doi.org/10.36456/buana_matematika.8.2:.
1750.101-108  

Hwang, W.-Y., Purba, S. W. D., Liu, Y., Zhang, Y.-Y., & Chen, N.-S. 
(2019). An investigation of the effects of measuring authentic 
contexts on geometry learning achievement. IEEE Transactions on 

Learning Technologies, 12(3), 291–302. https://doi.org/10.1109/
TLT.2018.2853750  

Jailani, Retnawati, H., Rafi, I., Mahmudi, A., Arliani, E., Zulnaidi, H., 
Hamid, H. S. A., & Prayitno, H. J. (2023). A phenomenological study 
of challenges that prospective mathematics teachers face in 
developing mathematical problems that require higher-order 
thinking skills. Eurasia Journal of Mathematics, Science and Technology 

Education, 19(10), Article em2339. https://doi.org/10.29333/
ejmste/13631  

Krathwohl, D. R. (2002). A revision of Bloom’s taxonomy: An 
overview. Theory Into Practice, 41(4), 212–218. https://doi.org/
10.1207/s15430421tip4104_2  

Lowrie, T., Logan, T., & Hegarty, M. (2019). The influence of spatial 
visualization training on students’ spatial reasoning and 
mathematics performance. Journal of Cognition and Development, 

20(5), 729–751. https://doi.org/10.1080/15248372.2019.1653298  

Maclean, K. D. S., & Bayley, T. (2023). That’s incorrect and let me tell 
you why: A scalable assessment to evaluate higher order thinking 
skills. INFORMS Transactions on Education, 25(1), 23–34. 
https://doi.org/10.1287/ited.2023.0020  

Mix, K. S. (2019). Why are spatial skill and mathematics related? Child 

Development Perspectives, 13(2), 121–126. https://doi.org/10.1111/
cdep.12323  

Newcombe, N. S. (2016). Thinking spatially in the science classroom. 
Current Opinion in Behavioral Sciences, 10, 1–6. https://doi.org/
10.1016/j.cobeha.2016.04.010  

Novita, R., Putra, M., Rosayanti, E., & Fitriati, F. (2018). Design 
learning in mathematics education: Engaging early childhood 
students in geometrical activities to enhance geometry and spatial 
reasoning. Journal of Physics: Conference Series, 1088, Article 012016. 
https://doi.org/10.1088/1742-6596/1088/1/012016  

Nurkaidah, Pramudya, I., & Subanti, S. (2021). HOTS problem-solving 
ability and its relation to spatial ability. In Proceedings of the 

International Conference of Mathematics and Mathematics Education 

(pp. 210–216). https://doi.org/10.2991/assehr.k.211122.029  

Patahuddin, S. M., Ramful, A., Lowrie, T., & Bholoa, A. (2022). 
Subtleties in spatial visualization maneuvers: Insights from 
numerical solutions. The Journal of Mathematical Behavior, 67, Article 
100988. https://doi.org/10.1016/j.jmathb.2022.100988  

Patahuddin, S., Logan, T., & Ramful, A. (2018). Characteristics of spatial 

visualisation: Perspectives from area of composite shapes [Paper 
presentation]. The Annual Meeting of the Mathematics Education 
Research Group of Australasia.  

Sinclair, N., Moss, J., Hawes, Z., & Stephenson, C. (2018). Learning 
through and from drawing in early years geometry. In K. S. Mix, & 
M. T. Battista (Eds.), Visualizing mathematics: The role of spatial 

reasoning in mathematical thought (pp. 229–252). Springer. 
https://doi.org/10.1007/978-3-319-98767-5_11  

Slavin, R. E. (2018). Educational psychology: Theory and practice. Pearson. 

Taylor, H. A., Burte, H., & Renshaw, K. T. (2023). Connecting spatial 
thinking to STEM learning through visualizations. Nature Reviews 

Psychology, 2, 637–653. https://doi.org/10.1038/s44159-023-
00224-6  

Yahya, F. H., Kassymova, G. K., Murtafiah, W., & Suparman, S. (2021). 
Experts and designated users evaluations on visual tools screencast 
SketchUp Make (ViToS-SUM). Perspektivy Nauki i Obrazovania, 

54(6), 460–472. https://doi.org/10.32744/pse.2021.6.31  

 

https://doi.org/10.4324/9781003083528
https://doi.org/10.4324/9781003083528
https://doi.org/10.48489/quadrante.22970
https://doi.org/10.48489/quadrante.22970
https://doi.org/10.1007/s13394-020-00316-z
https://doi.org/10.1016/j.jmathb.2023.101038
https://doi.org/10.1080/07370008.2017.1323902
https://doi.org/10.36456/buana_matematika.8.2:.1750.101-108
https://doi.org/10.36456/buana_matematika.8.2:.1750.101-108
https://doi.org/10.1109/TLT.2018.2853750
https://doi.org/10.1109/TLT.2018.2853750
https://doi.org/10.29333/ejmste/13631
https://doi.org/10.29333/ejmste/13631
https://doi.org/10.1207/s15430421tip4104_2
https://doi.org/10.1207/s15430421tip4104_2
https://doi.org/10.1080/15248372.2019.1653298
https://doi.org/10.1287/ited.2023.0020
https://doi.org/10.1111/cdep.12323
https://doi.org/10.1111/cdep.12323
https://doi.org/10.1016/j.cobeha.2016.04.010
https://doi.org/10.1016/j.cobeha.2016.04.010
https://doi.org/10.1088/1742-6596/1088/1/012016
https://doi.org/10.2991/assehr.k.211122.029
https://doi.org/10.1016/j.jmathb.2022.100988
https://doi.org/10.1007/978-3-319-98767-5_11
https://doi.org/10.1038/s44159-023-00224-6
https://doi.org/10.1038/s44159-023-00224-6
https://doi.org/10.32744/pse.2021.6.31

	INTRODUCTION
	METHODOLOGY
	RESULTS
	Challenges Encountered by Students When Studying Geometry
	Methods For Teaching Students About Geometry

	DISCUSSION
	CONCLUSION
	REFERENCES

