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Abstract 

Spatial thinking is important in learning Science, Technology, Engineering, and Mathematics. Numerous studies 

about spatial ability in various fields like mathematics, neuroscience and phycologist considered various factors such 

as gender, age, or demography. However, a few studies are still about enhancing spatial ability in the context of 

mediated pedagogies. This study aims to describe spatial research on mathematics education, especially related to 

the intervention or learning design of spatial reasoning. A bibliometric study is employed to determine the research 

trend of spatial reasoning, especially related to teaching practice. The review follows a structured design consisting 

of several stages of the PRISMA method. From 652 documents about spatial in mathematics education gathered from 

the Scopus data, it is reduced to 40 documents regarding spatial reasoning in mathematics education. Further, only 

19 documents about intervention and practice in enhancing spatial reasoning exist. This study may benefit researchers 

in mathematics education by showing the development and trend of spatial reasoning research and suggesting new 

directions for future research. 
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I. Introduction 

Spatial has started to be researched since 

1962, and it still has interesting aspects to be 

studied further until now. Spatial thinking, also 

so-called spatial ability, spatial skill, visual-

spatial representation, or spatial reasoning, is 

defined by (Lohman et al., 1996, p. 97) as an 

'ability to generate, retain, retrieve, and transform 

well-structured visual images'. So, the core 

components of the framework of spatial thinking 

(Ramful et al., 2017) are mental rotation, spatial 

visualization and spatial orientation (Linn & 

Petersen, 1985). 

Spatial thinking is an important factor in 

learning science, technology, engineering, and 

mathematics (Wintarti, 2021), and it affects one's 

success (Fowler et al., 2021). Humans undeniably 

interact with spatial models of objects and spatial 

relations between objects or explore the spatial 

coordinates of places and spaces in their daily 

activities (Uttal et al., 2013). Simple examples are 

how we organize our things, locate an object in a 
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room, draw a map, navigate, transform, and see 

symmetry (Bruce et al., 2017). Thus, even though 

spatial activities are not constrained to a particular 

topic in mathematics, spatial thinking or 

reasoning ability needs to be trained.  

Numerous studies about spatial ability in 

fields like mathematics, neuroscience and 

phycologist consider factors such as gender, age, 

or demography (Bruce et al., 2017). The studies 

show that spatial ability has a positive correlation 

with mathematics. Students who perform better in 

spatial tasks have better achievement on 

mathematics tests (Wintarti, 2021). However, 

only some mathematics curricula of every country 

address spatial as one particular topic should be 

taught in school. Some countries integrated it into 

the topic of geometry (Wintarti, 2021). There is 

research on spatial teaching practice, even though 

it is still a few.  

Digital transformation and technological 

development bring abundant opportunities to 

teach mathematics powerfully. Many software 

and applications can engage students in spatial 

activities and tasks. These technologies provide a 

chance to enhance students' spatial thinking 

abilities. However, a few studies are still about 

enhancing spatial ability in the context of digitally 

mediated pedagogies (Fowler et al., 2021). Based 

on the best knowledge, there has yet to be 

literature review research to determine the 

research potential of spatial reasoning. Research 

on spatial reasoning is needed to fill the existing 

gap and find new directions. This study aims to 

describe spatial research on mathematics 

education, especially related to the intervention or 

learning design of spatial reasoning. This study 

may benefit researchers in mathematics education 

by showing the development and trend of spatial 

reasoning research and suggesting new directions 

for future research. 

The research questions to be addressed in 

this study are: 

1. How has the trend of spatial reasoning in 

mathematics education research been from the 

appearance of the first article until 2023? 

2. How has the research trend of spatial 

reasoning regarding learning intervention over 

the past 20 years been viewed from the subject, 

intervention approach and method, related 

mathematical topics, and the utilized 

technology? 

3. What is the future research opportunity related 

to spatial reasoning teaching/intervention? 

II.  Research Method 

A bibliometric study (Dong et al., 2012; 

Kulakli & Osmanaj, 2020; Yang et al., 2017) is 

employed in this study to find out the research 

trend of spatial reasoning, especially related to 

teaching practice. Bibliometrics can make it 

easier for researchers to search for research trends 

on a topic more quickly using a website or 

application. Vos Viewer Excel software and the 

Scopus database were used in this research. Data 

was collected from the Scopus database since it 

includes documents from journals and 

proceedings considered more relevant and 

reliable by the scientific communities, as well as 

for their constancy and periodicity. An online 

search conducted between 18 and 22 December 

2023 was the first step of research. The review 

follows a structured design with several stages 

(Figure 1). The PRISMA (Preferred Recording 

Items for Systematic Review and Meta-analysis) 

method (Moher et al., 2009) determines the most 

relevant document to answer each research 

question. PRISMA steps include identifying, 

screening, and finding eligible articles and articles 

that include the topic.  
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Figure 1. The PRISMA Flow Diagram 

 

The first search attempt was done by 

inputting the keywords "mathematics", 

"education", and "spatial". This results in 652 

documents, which are then reduced to 115 by 

adding the keyword "spatial reasoning". Limiting 

the keyword with exact keywords "spatial 

reasoning" and limiting the year of the publication 

to the last decade, then it results in 40 documents. 

The analysis is performed briefly on the 652 and 

the 115 documents to get a general trend on spatial 

and spatial reasoning research. Further, to gain 

more information about the trend in spatial 

reasoning over a decade, an analysis has been 

done on the 40 documents. To answer the last 

question regarding teaching or intervention 

design to enhance spatial reason, the documents 

are sorted into 19 relevant documents to spatial 

teaching practice and then coded analyses. 

The VoSViewer software was utilized to 

determine the spatial reasoning research trend in 

the last 10 years (Eck & Waltman, 2020). The 

analysis employs the co-occurrence of keywords 

(author's keywords and indexed keywords), 

which uses a Visualization of Similarities 

algorithm (VOS) for multidimensional scaling 

(Putri et al., 2021).  

III. Results and Discussion 

Inputting the source (TITLE-ABS-KEY 

(mathematics) AND TITLE-ABS-KEY 

(education) AND TITLE-ABS-KEY (spatial)) 

AND  (LIMIT-TO (DOCTYPE,  "ar")  OR  

LIMIT-TO (DOCTYPE,  "cp")), in total there is 

652 documents of spatial research in mathematics 

education. The first research publication on 

spatial in mathematics education was in 1962 by 

Sax, G., and Carr, A., titled An Investigation of 

Response Sets on Altered Parallel Forms. This 

article is published in Educational and 

Psychological Measurement, 22(2), pp. 371–376 

and has been cited 16 times.  

• Search Procedure 
Data source: Scopus
Search keyword: mathematics, education, spatial
( TITLE-ABS-KEY ( mathematics )  AND  TITLE-ABS-KEY ( education )  AND  TITLE-ABS-KEY ( spatial ) )  AND  ( 
LIMIT-TO ( DOCTYPE ,  "ar" )  OR  LIMIT-TO ( DOCTYPE ,  "cp" ) ),
Result (n=652)

Identification

• Screening Procedure I
Data source (n= 652)
Inclusion criteria:
( TITLE-ABS-KEY ( spatial AND reasoning ) AND TITLE-ABS-KEY ( mathematics ) AND TITLE-ABS-
KEY ( education ) AND TITLE-ABS-
KEY ( spatial ) ) AND PUBYEAR > 1976 AND PUBYEAR < 2024 AND ( LIMIT-TO ( DOCTYPE , "ar" ) OR LIMIT-
TO ( DOCTYPE , "cp" ) )
Screening Process: identification of author keywords, indexed keywords, abstract and title
Result (n = 115)
Exclusion: (n= 537); article do not meet the criteria

• Screening Procedure II
Data source (n=115)
Inclusion criteria:
( TITLE-ABS-KEY ( mathematics ) AND TITLE-ABS-KEY ( education ) AND TITLE-ABS-
KEY ( spatial AND reasoning ) ) AND PUBYEAR > 2012 AND PUBYEAR < 2024 AND ( LIMIT-
TO ( DOCTYPE , "ar" ) OR LIMIT-TO ( DOCTYPE , "cp" ) ) AND ( LIMIT-TO ( EXACTKEYWORD , "Spatial 
Reasoning" ) ) 
Screening Process: identification of author keywords, indexed keywords, abstract and title
Result (n = 40)
Exclusion: (n= 75); article do not meet the criteria

Screening

• Scanning Procedure 
Data source (n=40)
Inclusion criteria:
The search carried out by only including document about intervention practice or learning design practice of 
spatial reasoning.
Screening Process: read the abstract and part of article
Result (n = 19)
Exclusion: (n= 21); article do not meet the criteria

Eligiblility

•Article processed in Synthesis (n=19)Included
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Furthermore, by inputting this source of 

code ( TITLE-ABS-KEY ( spatial  AND  

reasoning )  AND  TITLE-ABS-KEY ( 

mathematics )  AND  TITLE-ABS-KEY ( 

education )  AND  TITLE-ABS-KEY ( spatial ) )  

AND  PUBYEAR  >  1976  AND  PUBYEAR  <  

2024  AND  ( LIMIT-TO ( DOCTYPE,  "ar" )  OR  

LIMIT-TO ( DOCTYPE,  "cp" ) ) we get 115 

article in total, related to spatial reasoning in 

mathematics education trough out the time.  

The General Trend of Spatial and Spatial 

Reasoning Research (until 2023) 

The first publication about spatial 

reasoning was published in the Journal of 

Psychology: Interdisciplinary and Applied, 95(1), 

pp. 99–104 in 1977 by Eisenberg, T.A., McGinty, 

R.L. Entitled On spatial visualization in college 

students. This study investigated the effect of 

individuals with distinct career orientations and 

the sex difference in spatial reasoning abilities. To 

gather the data, a spatial visualization test was 

administered to 223 mathematics university 

students in four different types of mathematics 

courses: calculus, business statistics, remedial 

mathematics, and mathematics for elementary 

school teachers. The examination covered four 

forms of spatial visualization. The results suggest 

that unexpected sex enrolled in the course (e.g., 

males in elementary education) scored higher than 

the expected sex on most of the variables. Sex 

differences were observed within each of the 

courses. On three of the four variables, students in 

the calculus courses scored higher than students 

in the other courses. 

Before 2000, there was no research on 

spatial reasoning and only a few research on 

spatial (Figure 2). Both topics were addressed 

more around 2000 and gradually increased until 

2013. One factor affecting this increase is the 

beginning of mathematics literacy on PISA 

(Programme for International Student 

Assessment). PISA started in 2000, and one 

mathematics literacy addressed in it is about 

visual, spatial, verbal and numeric information in 

a graph or map to conclude the information 

represented (O.E.C.D., 2000). One addressed 

thinking skill is utilizing the mind's eyes 

(O.E.C.D., 2003). 

 

 

 
Figure 2. The research trend on spatial in mathematics education (left) and spatial reasoning in mathematics 

education (right) throughout the years 

 

 Further, Figure 2 shows that over the last 

10 years (2013 to 2023), the research trend on 

spatial and spatial reasoning shows a significant 

increase and reached its peak in 2019 with 19 

publication documents on spatial reasoning in 

total. The significant increase in research about 

spatial and spatial reasoning, in particular, is 

affected by PISA. The question given at PISA 

2015 is related to Geometry and spatial ability. In 

2017, the OECD explicitly wrote that one of the 

content categories assessed in PISA 2015 is space 

and shape, closely related to geometry. Space and 

shape encompass a wide range of phenomena that 

occur in our visual and physical world, including 

positions and orientations, representations of 

objects, decoding and encoding of visual 
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information, and navigation, which is spatial 

visualization (OECD, 2017). Another factor that 

triggered the significant increase is the growth in 

interest in STEM Education. STEM is one of the 

US's attempts to answer the results of TIMSS 

(Trends in International Mathematics and Science 

Study) and PISA 2015. Thus, it is unsurprising 

that the country with the most research 

publications on spatial reasoning is the United 

States (Figure, 3) with 35 publications on spatial 

reasoning in mathematics education over the last 

10 years (2013-2023). 

Based on Figure 2, the number of studies on 

spatial reasoning in the past few years until now 

has not exceeded the number of articles published 

in 2019. On the other hand, spatial reasoning is 

needed by every individual because spatial 

thinking is an important factor in learning 

Science, Technology, Engineering, and 

Mathematics (Wintarti, 2021), which are needed 

when facing the world of work and everyday life. 

Therefore, much research is needed on spatial 

reasoning, looking at many cognitive, affective 

and psychomotor aspects so teachers can apply 

appropriate strategies to improve spatial 

reasoning abilities.

 

 
Figure 3. Document on research publication of spatial reasoning in mathematics education by country (2013-2023). 

 

The trend of Spatial and Spatial Reasoning 

Research Over a Decade (2013-2023) 

From 115 documents is then reduced 43 

documents of spatial reasoning study published 

until 2023 by employing ( TITLE-ABS-

KEY ( mathematics )  AND  TITLE-ABS-

KEY ( education )  AND  TITLE-ABS-KEY    ( 

(spatial  AND reasoning ) )  AND  PUBYEAR  >  

2012  AND  PUBYEAR  <  2024  AND  ( LIMIT-

TO ( DOCTYPE,  "ar" )  OR  LIMIT-TO ( 

DOCTYPE,  "cp" ) )  AND  ( LIMIT-TO ( 

EXACTKEYWORD,  "Spatial Reasoning" ) ) and 

40 documents in the last 10 years (Figure 4).
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Figure 4. The keywords co-occurrence of 40 documents on spatial reasoning in mathematics education from 2013 

to 2023 

 

Figure 4 gives the systematic map of 

spatial reasoning studies. In the last decade, the 

research on spatial reasoning has been approached 

from different aspects. For instance, spatial 

reasoning related to STEM, studies on spatial and 

gender differences, studies on intervention and 

learning design and assessment, and several 

aspects of spatial reasoning, like mental rotation 

and spatial visualization. In addition, the research 

field on spatial reasoning is getting wider since it 

is not only related to geometry but also 

widespread in other mathematics topics such as 

fractions and number lines. As for the subject, it 

is from primary and secondary students to 

undergraduate and even disabled students. 

Further, there is also research on spatial and 

technology like augmented reality (AR), virtual 

reality (VR), and Cabri 3D.  

Clustering colour (Figure 4) shows 

several clustering on spatial reasoning in 

mathematics education research. Briefly look, it 

shows that the clustering is the use of technology 

(AR, VR), research approach (DR), mathematical 

topics (geometry, number), subject (deaf 

individual, primary, secondary, etc.), intervention 

or learning approach (i.e. STEM), and cognitive 

aspect of spatial reasoning like mental rotation, 

visualization, embodied etc.  

 

 

Research About Intervention in Spatial 

Reasoning 

The 24 documents gathered are then 

reduced to 19 by excluding the research that is not 

a practical intervention. The 19 documents 

collected are mostly an intervention study of 

spatial reasoning in primary education (code: 

PRIM). The other intervention is for secondary 

"SEC" education (9 out of 19 studies), and for 

undergraduate "UNDRG" students, there are 6 

documents related (Table 1).   

Furthermore, Table 1 shows that the 

mathematical integrated topics are Geometry (2D 

and 3D shape, space shape, navigation and 

reference), Data and its representation, Fraction, 

robotic, and spatial ability training such as mental 

rotation, spatial visualization, and spatial 

reference. The method employed is Design-Based 

Research (i.e. Bruce et al., (2023). Experimental 

studies and mixed methods. Theories addressed in 

the 19 documents are related to spatial reasoning 

spatial skills, including mental rotation, spatial 

visualization, spatial reference, and theory of 

embodied cognition (i.e. Augello et al., 2018) 

The learning approach and method used 

are Realistic Mathematics Education RME 

(Chandrawati et al., 2023) and the Experience-

Language-Pictorial-Symbolic-Application 

ELPSA (Lowrie et al., 2021). Carnatic music 

(Raja & Bhalla, 2021), Dance activities (An et al., 

2021), a design module data physicalization 
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activities (Zhu & Klapwijk, 2023), and classroom 

activities of fraction (Bruce et al., 2023), and 

activities on mental rotation (Moen et al., 2020). 

Since the sophisticated development of 

technology offers opportunities to enhance spatial 

reasoning as well as help the students to represent 

the visualization of geometrical objects in 

particular, several studies in the 19 documents 

also employed integrated technology in the 

learning design or intervention to promote and 

enhance spatial reasoning. The technology used in 

the learning design, such as technology-enhanced 

STEM (Fowler et al., 2022; Winter et al., 2019), 

Augmented Reality media (Bairaktarova et al., 

2019; Pangestu & Setyaningrum, 2020), graphic 

sketches app (Bairaktarova et al., 2019; Eloy et 

al., 2020), Buildagram (Eloy et al., 2020), a 

spatial reasoning mathematics program (J. 

Mulligan et al., 2020; J. et al., 2013), 3D geologic 

block diagrams (Gagnier et al., 2017), eye-

movement visual guidance protocol (Roach et al., 

2019), activities learning with Cabri 3D 

(Hartatiana et al., 2017), the "A me gli occhi" 

project, a virtual reality game (Freina & Bottino, 

2016), a geometry program that incorporates 2D 

and 3D mental rotations (Bruce & Hawes, 2015), 

new learning model using robotic (Augello et al., 

2018). 

 

Table 1. Research about intervention in spatial reasoning 

Authors Title Year Code 

Chandrawati A.E., 

Johar R., Elizar E. 

Spatial reasoning skills of year 5 elementary school students 

through realistic mathematics education 

2023 PRIM, RME, GEO, 

Exp (OneSht) 

Zhu C., Klapwijk 

R. 

Thinking Spatially About Data: A Developing Framework 

to Understand Children’s Spatial Reasoning in Data 

Physicalization 

2023 PRIM, DMod-

Physiclization Act, 

DATA 

Bruce C.D., et.al. Leveraging Number Lines and Unit Fractions to Build 

Student Understanding: Insights from a Mixed Methods 

Study 

2023 PRIM, DAct, 

FRAC, DBR 

Fowler S., et.al. Technology-enhanced learning environments and the 

potential for enhancing spatial reasoning: A mixed methods 

study 

2022 SEC, DMP-Tech-

STEM, SR, MixM 

Raja V., Bhalla 

D.O. 

Impact of Carnatic music training on the mathematical 

ability of children 

2021 PRIM, Msc, 

An S.A., Tillman 

D.A., Hachey 

A.C. 

Off the paper and into the dance: Investigating Preservice 

Elementary Teachers' experiences with dynamic spatial 

reasoning choreography tasks 

2021 UNDG, DNCE 

(Lego WS), GEO-

Post 

Lowrie T. et al. The Impact of a Spatial Intervention Program on Students’ 

Spatial Reasoning and Mathematics Performance 

2021 SEC, ELPSA, 

SpatTrain 

Moen K.C., et.al.  Strengthening spatial reasoning: elucidating the attentional 

and neural mechanisms associated with mental rotation skill 

development 

2020 UNDG, MATLAB 

act, Spat-MR 

Pangestu A., 

Setyaningrum W. 

Instructional media for space geometry based on augmented 

reality to improve students' spatial reasoning 

2020 SEC, AR, space-

GEO 

Eloy A., et.al. Buildagram: A constructionist environment for spatial 

reasoning 

2020 PRIM, BLDGRM, 

Dig.Tools, GEO-3D 

Mulligan J., et.al.. Evaluating the impact of a Spatial Reasoning Mathematics 

Program (SRMP) intervention in the primary school 

2020 PRIM, SRMP, GEO 

2D-3D 

Winter V. et.al. A computer scientist teaches gen Ed math 2019 UNDGR, COMPT 

PROG, MATH 
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Bairaktarova D., 

van Den Einde L., 

Bell J.E. 

Using digital sketching and augmented reality mobile apps 

to improve spatial visualization in a first-year engineering 

course 

2019 UNDRG, 

SKETCHAP-AR, 

SPAT 

Roach V.A., et.al. Guiding Low Spatial Ability Individuals through Visual 

Cueing: The Dual Importance of Where and When to Look 

2019 UNDRG, EYE-

MOV TRACK, 

MRot 

Augello A., et.al. Improving spatial reasoning by interacting with a humanoid 

robot 

2018 PRIM, HUMROBT, 

SPAT, EMBODI 

Gagnier K.M., 

et.al. 

Comprehending 3D Diagrams: Sketching to Support Spatial 

Reasoning 

2017 UNDRG,  

GEOBLCK Diag., 

STEM 

Hartatiana, 

Darhim, Nurlaelah 

E. 

Student's Spatial Reasoning through Model Eliciting 

Activities with Cabri 3D 

2017 SEC, MEA 

CABRI3D, GEO 

(ln. Agl.) 

Freina L., Bottino 

R. 

Visual thinking skills training in support of STEM education 2016 PRIM, VRGme, 

Spat 

Bruce C.D., 

Hawes Z. 

The role of 2D and 3D mental rotation in mathematics for 

young children: What is it? Why does it matter? Moreover, 

what can we do about it? 

2015 PRIM, MYCprog., 

GEO (2D 3D) MR 

From these results, the technology used to 

develop spatial reasoning still focuses on AR, VR, 

and Cabri. The use of technology has a significant 

impact on improving students' spatial reasoning 

abilities (Javaheri et al., 2022). Further research 

using other media is needed to improve students' 

spatial reasoning abilities. 

Future Research on Intervention for 

Enhancing Spatial Reasoning 

From 19 documents about learning 

design and intervention, there are attempts to 

enhance students' spatial reasoning, from primary 

to undergraduate. The attempt is made through 

classroom activities that either directly address 

spatial reasoning or enhance it by integrating it 

into other topics such as geometry, fractions, data 

and robotic building activities. However, it still 

leaves space for further research, especially 

integrating spatial reasoning into the curriculum 

and making a local instructional theory. This 

would benefit countries whose mathematics 

curriculum needs to address spatial reasoning, 

like Indonesia. Another room is to stand spatial 

reasoning with another cognitive aspect, like 

computational thinking.  

In terms of research methods, since 

different terms refer to spatial reasoning, it will 

give wider results by searching with more 

keywords such as spatial education, spatial 

thinking, spatial ability, or spatial skills. The 

search could also be done in several databases, not 

only Scopus. Thus, the border image and spatial 

trend could be produced.  

Using software for bibliometric analysis 

makes it very easy for researchers to find the 

position of the topic to be researched. Researchers 

can look for gaps in what previous researchers 

have researched. However, Bibliometrics also has 

areas for improvement, such as doubts regarding 

the ability of bibliometric methods to analyze 

abstract concepts such as research quality (Ismail 

et al., 2012). It does not differentiate between case 

reports and higher-impact articles (Choudhri et 

al., 2015). 

IV. Conclusion 

The research on spatial and spatial reasoning 

began to be more addressed around 2000 and 

gradually increased until 2013. Over the last 10 

years (2013 to 2023), the research trend on spatial 

and spatial reasoning shows a significant increase 

and reached its peak in 2019, with 19 publication 

documents on spatial reasoning in total. The 

significant increase in research about spatial and 

spatial reasoning, in particular, is affected by 

PISA and the significant increase in the growth 
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interest in STEM Education.  

In the last decade, the research on spatial 

reasoning has been approached from different 

aspects. There are several clusters on spatial 

reasoning in mathematics education research, 

such clusters of the use of technology (AR, VR), 

research approach (DR), mathematical topics 

(geometry, number), subject (deaf individual, 

primary, secondary, etc.), intervention or learning 

approach (i.e. STEM).  

There are attempts to enhance students' spatial 

reasoning, from primary to undergraduate. The 

attempt is done through classroom activities that 

either directly address spatial reasoning or 

enhance it by integrating it into other topics such 

as geometry, fractions, data and robotic building 

activities. However, it still leaves space for further 

research on it, especially integrating spatial 

reasoning into the curriculum and making a local 

instructional theory of it. Another room is to stand 

spatial reasoning with another cognitive aspect, 

like computational thinking. 
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