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ABSTRACT 

 

Spatial reasoning is essential for solving two or three-dimensional oriented 

problems. Meanwhile, primary school students often experience mathematical 

learning difficulties (MLD) using spatial reasoning. The research analyzes the 

spatial reasoning of primary school students who experience MLD. The research 

method is qualitative, with the research subject being fifth-grade students at one of 

the primary schools in Sidoarjo. The research instruments used spatial reasoning 

tests and interview guidelines. The results stated differences in spatial reasoning in 

students' MLD types. Students who experience visual spatial type MLD have lower 

spatial reasoning skills because they cannot solve spatial orientation, mental 

rotation, and spatial visualization problems. Meanwhile, students who experience 

memory-type MLD have moderate spatial reasoning because they can solve spatial 

orientation and spatial visualization problems but cannot solve mental rotation 

problems. The researcher suggested that the subsequent research should intervene 

in the spatial reasoning of students who experience MLD.  
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INTRODUCTION 

Spatial reasoning plays a vital role 

in solving problems involving two-

dimensional (2-D) or three-dimensional 

(3-D) in geometry learning (Fujita, 

Kondo, Kumakura, Kunimune, & Jones, 

2020; Khine, 2017; Pavlovicova & 

SvecovA, 2015; Ramful, Lowrie, & 

Logan, 2017). In addition to geometry, 

spatial reasoning is also required in 

several domains, within the geometry 

domain (Fujita et al., 2020) or outside 

the geometry domain, such as algebra 

(Gunderson, Ramirez, Beilock, & 

Levine, 2012). In addition, spatial 

reasoning has been confirmed to predict 

students' mathematics achievement 

(Cheng & Mix, 2014; Clements, 

Germeroth, & Sovran, 2015; Gunderson 

et al., 2012). 

The researchers mentioned that 

there is low or inadequate spatial 

reasoning among students in Indonesia 

(Dintarini, Jamil, & Ismail, 2022; 

Hasanah & Kumoro, 2021; Kusuma, 

Rochmad, & Isnarto, 2021; Lestari, 

Budiarto, & Lukito, 2021; Ma’rifatin, 

Amin, & Siswono, 2019; Musriroh, 

Hidayanto, & Rahardi, 2021). Students 

generally do not have experience 

solving problems based on spatial 

reasoning (Lowrie, Logan, & Hegarty, 

2019). This low spatial reasoning is due 

to students' difficulties visualizing 2-D 

or 3-D objects (Dimitriu & Dimitriu, 

2020). Students' spatial reasoning 

difficulties are also due to spatial 

reasoning rarely being taught explicitly 

in schools (Hawes, Moss, Caswell, 

Naqvi, & MacKinnon, 2017; Lowrie, 

Logan, & Ramful, 2017). 

Student learning difficulties in 

mathematical learning are called 

mathematical learning difficulties 

(MLD) (Chinn, 2014; Hamukwaya & 

Haser, 2021). MLD is widely used to 

describe a wide range of mathematical 

difficulties. Students who experience 

MLD have impaired cognitive 

functioning (Bartelet, Ansari, Vaessen, 

& Blomert, 2014; Karagiannakis, 

Baccaglini-frank, & Papadatos, 2014; 

Yazdani et al., 2021),  mathematical 

ability deficits (Zhang et al., 2019), and 

difficulties experienced by students in 

mathematical concepts and procedures 

as indicated by low achievement or low 

performance in mathematics (Beswick, 

2008; Mazzocco, 2009).  

Meanwhile, spatial reasoning and 

MLD have a relationship. This 

relationship can be seen from the 

students' spatial reasoning level, which 

affects math difficulties, especially for 

students who experience MLD 

(Yazdani et al., 2021). Spatial reasoning 

is one of the components of MLD 

assessment (Karagiannakis et al., 2014; 

Plerou & Vlamos, 2016). Spatial 

reasoning is significantly related to 

students who experience MLD  

(Donnelly, 2021; Levy, Turk-Browne, 

& Goldfarb, 2023; Yazdani et al., 

2021). ). In addition, spatial 

visualization is a deficit in the 

numerical system in MLD children 

(Levy et al., 2023). MLD students will 

experience limited spatial reasoning, 

especially visualization and mental 

rotation (Donnelly, 2021). Students 

with difficulty visualizing and 

analyzing geometry in rigid motion 

visualization, such as rotation, will be 

classified as visual-spatial type MLD 

(Thompson, Nuerk, Moeller, & Cohen 

Kadosh, 2013).  

Several studies on spatial 

reasoning by reviewing MLD have been 

conducted. Research conducted by 

Yazdani et al. (2021) compares MLD 

students and typical development (TD). 

MLD students perform more difficult 

spatial reasoning tasks and take longer 

to complete mental rotation, spatial 

visualization, and spatial orientation 
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tasks. Other researchers have suggested 

spatial deficits in MLD children 

(Murphy et al., 2007; Zhang et al., 

2019) and numerical system deficits in 

spatial visualization (Levy, Turk-

Browne, & Goldfarb, 2023). Empirical 

studies suggest that there is a 

comparison of working memory 

capacity between students with and 

without MLD who report deficits in 

visuospatial working memory but not 

verbal working memory in students 

with MLD (Szucs, Devine, Soltesz, 

Nobes, & Gabriel, 2013). In addition, 

students with MLD have difficulty 

solving mental rotation problems 

(Skagerlund & Träff, 2014). 

Impairments in the same cognitive 

skills, including language, spatial, and 

numeracy skills, were found to underlie 

MLD  (Zhang & Rasanen, 2020). 

Existing studies have not focused 

on revealing students' spatial reasoning 

based on the components by Ramful et 

al. (2017), namely spatial orientation, 

mental rotation, and spatial 

visualization. These components 

provide detailed information about 

spatial reasoning. It is expected that 

revealing spatial reasoning in terms of 

spatial orientation, mental rotation, and 

spatial visualization in students who 

experience MLD can provide 

information about the inhibition of 

spatial reasoning in MLD students. 

Therefore, this research can provide 

information and ideas about the 

weakness of spatial reasoning for MLD 

students. Hence, it is also expected that 

the study results have implications for 

providing appropriate advice so that the 

spatial reasoning of students who 

experience MLD can be further 

improved. 

 

METHOD  

The research involved 21 fifth-

grade primary school students at 

Sekolah Dasar Negeri Lemahputro 1 in 

Sidoarjo, East Java, Indonesia. 

Determining research subjects was 

carried out purposively by categorizing 

students' MLD types into memory and 

visual-spatial. Memory-type MLD is a 

group of students who take a long time 

to solve problems. MLD of visual-

spatial type is a group of students who 

struggle to imagine, remember, or think 

of a visual object in solving spatial 

reasoning problems. One student was 

selected to represent this study's MLD 

memory and visual-spatial types. 

Data collection techniques used 

tests and semi-structured interviews. 

The tests consisted of a spatial 

reasoning test and MLD test. A spatial 

reasoning test is used to determine 

students' spatial reasoning. MLD test is 

used to categorize MLD students. Then, 

interviews were conducted to dig deeper 

into the spatial reasoning components, 

namely spatial orientation, mental 

rotation, and spatial visualization. 

Spatial Reasoning Test 

The spatial reasoning test consists 

of three problems (see Figure 1): spatial 

orientation, mental rotation, and spatial 

visualization, as adapted from Ramful 

et al. (2017). The first problem 

represents the spatial visualization 

component, which is about determining 

the shape of a space when viewed from 

different directions. The second 

problem represents the mental rotation 

component, which is about rotating a 3-

D object, and the third problem 

represents the spatial orientation 

component, about imagining a net into a 

cube whose sides face each other. 
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Figure 1. The Spatial Reasoning Test 

 

MLD Test 

The MLD test is an instrument to 

measure student learning difficulties in 

geometry properties. This test consists 

of 6 items: recognition and construction 

of net, manipulation of 3-D shape 

representation modes, structuring 3-D 

arrays of cubes, recognition of 3-D 

shape properties, calculation of the 

volume, and comparison of 3-D shape 

properties adapted from Pittalis and 

Christou (2010). The determination of 

students who experience MLD is 

focused on two types of MLD, 

according to Karagiannakis et al. 

(2014), namely memory and visual-

spatial. 

Data analysis used qualitative 

descriptive data techniques: data 

reduction, presentation, and conclusion 

drawing (Miles, Huberman, & Saldana, 

2014). Data reduction is done by 

eliminating data not under students' 

spatial reasoning. Data presentation is 

done by displaying spatial reasoning 

activities on each type of students’ 

MLD. The conclusion is drawn by 

classifying MLD students' problem-

solving differences on each spatial 

reasoning component. 

 

RESULTS AND DISCUSSION  

This section describes the spatial 

reasoning of two students with MLD. 

VS is a student who experiences visual 

spatial type MLD, while ME is a 

student who experiences memory type 

MLD. Furthermore, the spatial 

reasoning of VS and ME is analyzed for 

the components of spatial orientation, 

mental rotation, and spatial 

visualization. 

 

Visual-Spatial Type Students 

Students with visual-spatial type MLD 

have difficulty understanding, 

imagining, remembering, or thinking in 

a visual form such as VS. VS cannot 

complete all three components of spatial 

reasoning: spatial orientation, mental 

rotation, and spatial visualization. 

 

Spatial Orientation 

VS illustrated a picture of a stack of 

cardboard cubes. The cubes are stacked 

in rows: the first row contains two 

cubes, the second row has two cubes, 

and the third row includes one cube. 

When viewed from the left and back, 

the sides of the cube are square. VS 

illustrates the side, as shown in Figure 2

Translation  



257 | Alfin Khoiro Amalia, Mohammad Faizal Amir - Spatial Reasoning of Students With Mathematical Learning Difficulties 

 

 

 

              
Figure 2. VS Looking at An Object from Different Perspectives 

 

In solving spatial orientation 

problems, VS tends to have moderate 

imagination. VS admitted that he was 

confused about finding the OS answer, 

but VS almost correctly described an 

object from different perspectives (see 

Figure 2). VS said that he had never 

solved spatial orientation problems. VS 

skimmed and then identified the 

problem-solving information, such as 

drawing the side of the pile of 

cardboard seen from the front and right 

sides. VS drew the side of the pile of 

cardboard, but there were still sides that 

had not been drawn in solving spatial 

orientation problems. 

 

Mental Rotation 

VS had difficulty imagining an 

object viewed from one perspective, as 

would be seen if the object was rotated 

in space to a new orientation and 

viewed from a new perspective. VS had 

difficulty determining the changes that 

occur in a shape that is rotated several 

times, both in shape and position. VS 

showed the answer result that the 

student was still unable to do it after 

several times, as presented in Figure 3. 

 
Figure 3. VS Drawing a Rotated 3-D Object 

 

Spatial Visualization 

VS drew a cube and knew that all 

the cubes were blocks. VS shaded the 

side AFGB in the problem provided but 

asked to draw it and still struggled. VS 

represented an edge with edges AB and 

E . However, VS left blank the point 

parallel to the corner point E. Side 

AFGB is the base side of the building. 

Then, the side facing the ADEF side is 

the DCBA side. 

VS had difficulty imagining an 

object in Figure 4. VS solved the 

problem by guessing first and then 

checking the correctness. VS had 

trouble imagining how a cube's net 

could be formed into a cube. This 

difficulty resulted in VS not having a 

solid foundation to solve the problem 

because there was a visual image of 

how the sides of the cube faced each 

other. VS could not produce a mental 

image in his mind or describe the 

process VS went through clearly. 

Translation 

Left and back 
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Figure 4. VS Visualizing A Net of A Spatial Structure

 

Memory Type Students 

ME is a student who takes a long time 

to solve problems in each spatial 

reasoning component. However, ME 

can solve problems with spatial 

reasoning components, namely spatial 

orientation and spatial visualization, but 

cannot solve mental rotation problems 

compared to spatial visual type MLD 

students. 

 

 

 

Spatial Orientation 

Given a stack of cardboard boxes in the 

shape of a cube, the stack of cubes in 3-

D is viewed from the left and back 

perspectives. Then, the side of the cube 

from the left and rear perspectives has 

the same image: a square with three 

levels. The first level has three squares, 

the second has two, and the third has 

one square, as shown in Figure 5. 

 

          
Figure 5. The Process of Observing The Position of The Stack of Cardboard Boxes 

 

ME concludes that the correct 

answer can solve mental orientation 

problems even though solving them 

takes a long time. ME can observe the 

position of objects from different 

perspectives and the spatial relationship 

between objects. In this case, ME can 

remember where an object is 

concerning another object. For example, 

ME oriented a building. ME observes 

from the front side and draws as 

requested in the problem, while the 

right side imagines what the back side 

of the cardboard stack looks like and 

draws the left side. 

 

Mental Rotation 

ME had difficulty accepting new 

information and could not follow the 

instructions of the problem because He 

had not studied this material. ME 

rotated the object on the paper 

repeatedly and could not solve the 

problem correctly. ME had difficulty in 

understanding the given problem. In 

addition, ME had trouble determining 

the changes after being rotated several 

times, both in shape and position, as 

shown in Figure 6. The ability to solve 

problems regarding the rotation of 

spatial shapes was due to the difficulty 

in seeing the spatial shapes that had 

been manipulated. 

Translation 

 

Translation 

Left & back 
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Figure 6. ME Solves The Problem of Mental Rotation 

 

Spatial Vizualization 

ME can manipulate the object 

by folding the net of the cube, then 

visualize the 3-D cube in her mind.  ME 

assigns a letter to each cube side and 

determines the ABGF side as the base 

side and the DEHC side as the lid side. 

ME can transform 2-D shapes into 3-D 

shapes in spatial visualization problem-

solving. Using the 3-D visualization 

obtained, ME can determine the side 

parallel to side AEDF and BHCG, as 

shown in Figure 7. 

 

ME can explain in detail the 

process of what he has done in solving 

spatial reasoning. ME tried to explain 

the spatial visualization problem and 

was equipped with illustrations of 

problem-solving on a piece of paper 

when presenting to the interviewer. ME 

communicated her reasoning to the 

interviewer well and clearly. Besides 

that, ME did not experience any 

obstacles in solving the spatial 

visualization problem. 

 
Figure 7. ME Visualize Cube Nets Into 3-D Objects 

 

Based on the explanation above, 

memory-type MLD students make 

decisions that seem inconclusive. In 

addition, memory-type students have 

difficulty retaining the information 

needed to follow the instructions and 

solve the problem in the mental rotation 

problem. However, MEs could 

manipulate what had been done to solve 

the problem accurately. A visual object 

decreases performance on other spatial 

tasks, such as mental rotation. 

 

DISCUSSION  

The synthesis of MLD students' 

spatial reasoning classification is 

presented in Table 1. The problem-

solving of MLD students consisted of 

incomplete objects in the first level, 

objects oriented perfectly, omitting one 

square in the figure, casting shadows of 

rotated objects, errors in giving sides at 

the base and manipulating the shape by 

folding the cube net into 3-D. In 

addition, spatial problem-solving and 

reasoning produced by MLD students of 

visual-spatial type and memory types 

are discussed in this section. 

 

Translation  
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Table 1. Problem-solving of spatial reasoning component produced by MLD students 

Spatial reasoning components 
Example of spatial 

reasoning 

Spatial Orientation  

 

 
 

Visual-spatial type: The cubes are stacked in rows: the 

first row contains two cubes, the second row has two 

cubes, and the third row includes one cube.  
Memory type: A stack of 3-D cubes is viewed from the 

left side and back. The sides of the cube are then drawn in 

a square shape with three levels. The first level has three 

squares, the second has two squares, and the third has one 

square. 

Mental Rotation  

 

 

Visual-spatial type: Draws a 2-D space after rotating, but 

one square is missing. 

 

Memory type: Identifies the position of an object that is 

rotated clockwise. 

 

Spatial Visualization  

 

 

Visual-spatial type: There was an error in giving the side 

at the base. Therefore, VS is not able to visualize the side 

facing AEDF. 

 

Memory type: 2-D building is manipulated by folding the 

cube's net and visualizing it in 3D. ME explains in detail 

and is equipped with illustrations of problem-solving 

 

Students who experience visual 

spatial type MLD will have difficulty 

understanding, imagining, 

remembering, or thinking in visual 

form. This is in line with Chinn (2014), 

who stated that MLD students of visual-

spatial type will have difficulty 

interpreting spatial reasoning from the 

representation of mathematical objects 

and visualizing and analyzing an object 

in geometry. In addition, the 

relationship between spatial visual type 

MLD and spatial reasoning that we 

found is consistent with previous 

research, which showed that spatial 

visual type MLD students will have 

difficulty in visualizing and analyzing 

geometry in specific visualizations of 

rigid movements such as rotation 

(Thompson et al., 2013). MLD students 

have deficient working memory 

capacity in visuospatial working 

memory (Szucs et al., 2013). 

MLD-type memory students have 

problems with working memory, 

namely, taking a long time to think 

about a problem regarding spatial 

reasoning but being able to solve the 

problem, except for mental rotation. 

Working memory selects verbal rather 

than spatial information as relevant (De 

Smedt, Taylor, Archibald, & Ansari, 

2010). Working and semantic memory 

emphasize difficulties in understanding 

and learning numbers (Karagiannakis et 
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al., 2014). 

Spatial reasoning is rarely taught 

explicitly in schools, so researchers are 

finding methods to teach spatial 

concepts explicitly, including working 

with classroom teachers to create spatial 

interventions (Hawes et al., 2017; 

Lowrie et al., 2017). Researchers 

produced training programs to address 

low spatial reasoning. For example, 

Lowrie et al. (2017) defined three 

aspects of spatial reasoning: mental 

rotation, spatial orientation, perspective 

taking, and spatial visualization, 

including imagining complex spatial 

transformations, such as folding paper 

into three-dimensional shapes. 

Meanwhile, Lowrie et al. (2017) created 

and implemented a ten-week spatial 

reasoning intervention program for fifth 

and sixth-grade students. The program 

lasted twenty hours and focused on 

spatial visualization, spatial orientation, 

and mental rotation skills. Lowrie et al. 

(2018) implemented and evaluated a 

spatial training intervention program for 

fourth and third-grade students to 

extend the research to a broader age 

range. 

 

CONCLUSION  

The study results concluded that 

there are differences in students' spatial 

reasoning on the differences in students' 

MLD type. Not all MLD-type students 

have difficulty in solving spatial 

reasoning problems. MLD visual spatial 

type students have difficulty solving 

spatial orientation, mental rotation, and 

spatial visualization problems. 

Memory-type MLD students have 

difficulty in solving mental rotation 

problems. Visual-spatial-type MLD 

students have difficulty visualizing 

objects, while memory-type MLD 

students take a long time to receive 

information and make decisions or 

answers. However, these students can 

solve spatial reasoning problems, except 

in mental rotation. We suggest further 

research that leads to the availability of 

spatial intervention programs 

specifically for students with MLD. 
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