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Abstract. Geometry plays a central role in mathematics education, yet
research on effective teaching strategies remains fragmented, particularly
in integrating theoretical, cognitive and technology driven perspectives.
A combination of bibliometric and systematic review methods was
employed to analyse 1196 articles published between 2016 and 2025,
retrieved from the Web of Science database. Data were analysed using
bibliometric techniques, including co-citation analysis and network
visualization with VOSviewer, alongside thematic synthesis. The
findings reveal three major thematic clusters: (1) theoretical and
pedagogical foundations, (2) cognitive development and spatial
reasoning and (3) applied and empirical studies on early spatial learning.
The findings highlight the growing integration of spatial reasoning and
digital technologies in shaping effective instructional approaches,
alongside the continued influence of established pedagogical
frameworks. However, several research gaps remain, including limited
representation from certain regions, underexplored interdisciplinary
collaborations and the need for more evidence on the long-term impact
of innovative teaching methods such as Artificial Intelligence, Virtual
Reality and adaptive learning technologies. Theoretically, this study
contributes by providing a structured understanding of the intellectual
landscape of geometry teaching research. Practically, the findings offer
guidance for educators and policymakers in designing more effective,
evidence-based instructional strategies. Overall, this study provides a
comprehensive synthesis to inform future research and practice in
mathematics education.
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1. Introduction

Geometry is fast becoming a key component in mathematics education, serving
as a foundation for developing spatial reasoning, logical deduction, visualization
and problem-solving abilities (Crompton & Ferguson, 2024; Jones, 2012). A
substantial body of research has established that its importance extends beyond
mathematics classrooms as spatial reasoning is consistently linked to achievement
in science, technology, engineering and mathematics (STEM) disciplines (Uttal &
Cohen, 2012; Wai et al., 2009). Historically, geometry has also been regarded as a
gateway to higher-order mathematical thinking, laying the groundwork for
abstraction, proof and reasoning (Jablonski & Ludwig, 2023). For this reason, the
quality of geometry instruction is widely acknowledged as a critical factor in
preparing learners for advanced study as well as real-life applications requiring
logical and visual analysis.

Research in geometry education has explored diverse approaches to strengthen
students” understanding, drawing attention to the cognitive, developmental and
technological dimensions of learning. Scholars have long emphasized that
geometry cultivates not only visualization but also intuition, deductive reasoning,
argumentation and proof, all of which are essential for knowledge advancement
in STEM fields (Liu et al, 2025). From a cognitive perspective, studies
demonstrate that working memory and visual spatial ability significantly affect
learners’ capacity to solve geometric problems, especially when reasoning about
abstract relationships or manipulating spatial configurations (Cragg et al., 2017;
Rivella et al., 2024). Despite these insights, many students continue to struggle
with visualization, proportional reasoning and the transfer of acquired skills to
new contexts (Barut & Retnawati, 2020; Dooren, 2014). Such persistent difficulties
underscore the importance of instructional designs that scaffold both conceptual
understanding and cognitive processes.

Parallel to these cognitive perspectives, technological innovations have reshaped
the landscape of geometry instruction. Tools such as dynamic geometry software
(DGS), augmented reality (AR) and immersive virtual environments offer new
opportunities for interactive visualization and engagement (Bujak et al., 2013;
Ibafiez & Delgado-Kloos, 2018). Evidence suggests that these technologies can
deepen conceptual understanding, improve retention and enhance learners’
motivation, especially when carefully aligned with developmental needs
(Arvanitaki & Zaranis, 2020; Demetriou et al., 2020)).

Furthermore, technology has the potential to reduce cognitive overload by
presenting complex geometric concepts in more manageable visual formats
(Surbakti et al.,, 2024) . However, challenges remain. Many teachers face
difficulties in adapting traditional lessons into technology-enhanced
environments, often due to limited training, resources or confidence in using
digital tools effectively (Mayantao & Tantiado, 2024). These barriers highlight the
need for ongoing professional development and equitable access to technological
infrastructure to fully realize the promise of digital geometry instruction.

http:/ /ijlter.org/index.php/ijlter



323

At the same time, emerging innovations are pushing the boundaries of how
geometry is conceptualized and taught. Advances in artificial intelligence are now
supporting mathematical discovery by identifying patterns, generating
conjectures and facilitating adaptive learning experiences (Davies et al., 2021).
Similarly, the integration of embodied learning and computational thinking has
provided multidimensional frameworks for engaging learners in ways that
connect abstract concepts with concrete and sensory experiences (Angeli &
Valanides, 2020; Citta et al., 2019). These frontiers expand the possibilities of
geometry education, yet their adoption across diverse contexts is uneven and
often shaped by educational policy, socio-cultural environments and resource
allocation.

Despite these advances, several important gaps remain in the literature. Given the
growing complexity of this field, a comprehensive synthesis of global research
remains essential. Existing studies, while valuable, are often fragmented by
region, school level or specific instructional strategies, making it difficult to
identify consistent patterns and research priorities. Areas such as equitable access
to digital resources, culturally responsive pedagogy and personalized learning
progressions remain insufficiently addressed (Chigeza & Halbert, 2014; Ndlovu
& Mji, 2012). While previous review studies have examined specific aspects of
geometry education, such as cognitive development, spatial reasoning or
technology integration, they tend to focus on isolated dimensions rather than
providing an integrated, global perspective of the field. In addition, limited
studies have combined bibliometric analysis with systematic review to map both
the intellectual structure and thematic development of teaching geometry
research over time.

This integrated approach provides a more comprehensive understanding of the
field. The systematic review provides depth by synthesizing theoretical and
pedagogical insights, while the bibliometric analysis offers breadth by
quantifying global publication trends, research networks and thematic
developments (Aria & Cuccurullo, 2017; Donthu et al., 2021). By focusing on a
decade of research (2016-2025), this study captures recent developments shaped
by technological advancements and evolving pedagogical practices, offering a
timely and globally relevant contribution. By integrating these perspectives, the
study situates geometry education within ongoing technological and pedagogical
innovations, while also addressing persistent challenges related to cognition,
access and equity. In doing so, it not only identifies influential contributions and
emerging priorities but also provides critical insights to guide future research and
practice in the teaching and learning of geometry.

2. International Evidence on Teaching Geometry

Research on geometry education reflects diverse global contexts, highlighting
how cultural, curricular and technological differences shape teaching practices. In
high-income countries such as the United States, Canada and several European
nations, there has been a strong emphasis on technology-enhanced and inquiry-
based approaches. Meanwhile, East Asian education systems such as those in
Japan, South Korea and Singapore strike a balance between visual reasoning and
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procedural fluency, often structured through the concrete-pictorial-abstract
progression (Shafiee & Meng, 2023; Takayama, 2017). In contrast, low- and
middle-income regions face infrastructural limitations that restrict the integration
of advanced technologies, despite growing interest in innovative, low-cost
interventions (Aderibigbe et al., 2023). These comparisons highlight the uneven
but evolving landscape of geometry teaching worldwide.

Technological tools have been at the heart of recent advances, especially Dynamic
Geometry Software (DGS) such as GeoGebra, which has become widely adopted
to promote visualization, exploration and problem-solving. Systematic reviews
indicate that its impact is most effective when paired with inquiry-based or
collaborative pedagogies, suggesting that technology alone is insufficient without
meaningful instructional design (Abuhassna et al., 2024; Sam, 2024). Building on
these developments, AR has recently emerged as a promising frontier in geometry
education, allowing learners to manipulate three-dimensional objects within
authentic contexts. Evidence across educational levels shows that AR enhances
spatial reasoning, engagement and conceptual understanding, although its long-
term effectiveness depends on embedding the technology within well-structured
pedagogical frameworks (Fowler et al., 2022; Chaudhari et al., 2025).

Beyond technology, spatial reasoning itself has gained international recognition
as a key predictor of geometry achievement and overall mathematical proficiency.
Interventions in countries such as Australia, Canada and Singapore demonstrate
that structured training in skills like mental rotation, isometric drawing and
spatial visualization supports both immediate learning and transfer to broader
mathematical domains (Lowrie & Logan, 2023; Zhu et al., 2023). These findings
are further reinforced by large-scale international assessments such as TIMSS and
PISA, which consistently show that education systems that prioritizing
visualization, reasoning and problem-solving outperform those relying heavily
on rote memorization (IEA, 2020; OECD, 2019). Taken together, this body of
research suggests that future directions in geometry education will likely depend
on combining technological innovation with systematic development of spatial
reasoning, ensuring both conceptual depth and long-term mathematical
readiness.

In summary, international evidence on geometry education highlights a shared
recognition that both technological innovation and cognitive skill development
are essential for meaningful learning. While tools such as GeoGebra and
Augmented Reality offer powerful means to enhance visualization and
engagement, their effectiveness relies on being embedded within sound
pedagogical frameworks that emphasize inquiry and collaboration. At the same
time, strengthening spatial reasoning skills remains fundamental, not only for
immediate success in geometry but also for long-term readiness in mathematics
and STEM. Future work may focus on integrating digital tools with spatial
reasoning training to advance twenty-first century learning (Choudhary et al,,
2025; Lowrie & Logan, 2023; OECD, 2019).
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3. Objectives of the Study

The primary objective of this study is to explore the current landscape of studies
focusing on teaching geometry. The outlined questions will help defining the
extent of this exploration:

RQ1: What patterns and developments can be observed in teaching geometry
research publications when analyzed by publication year, leading authors and
most productive affiliations?

RQ2: How are publications on teaching geometry strategies distributed across
different countries and research domains?

RQ3: What do the patterns of keyword co-occurrence, co-citation networks and
thematic cluster analysis reveal about emerging trends in research on teaching
geometry?

Importantly, this study addresses a clear methodological and conceptual gap in
the literature, namely the lack of integrated analyses that combine bibliometric
mapping with systematic review to provide a holistic understanding of teaching
geometry research. In addition, there remains a practical gap in translating
emerging insights especially in spatial reasoning and digital technologies into
coherent instructional strategies.

4. Methodology

4.1 Data Collection Methodology and Search Strategy

This study employs a combination of systematic review and bibliometric analysis
to examine research trends in the teaching of geometry. Data were retrieved from
the Web of Science Core Collection databases, focusing on articles published
between 2016 and 2025. The Web of Science was selected due to its rigorous
indexing standards, comprehensive coverage of high-impact journals in
education and STEM fields and widespread acceptance as a reliable source for
bibliometric research.

The time frame of 2016 to 2025 was chosen to capture contemporary
developments in geometry education, especially the emergence of digital learning
technologies and renewed emphasis on spatial reasoning within mathematics
curricula. Keywords related to geometry education were used to retrieve relevant
publications. Inclusion criteria encompassed peer-reviewed journal articles,
conference papers and reviews. In conducting bibliometric research, several
scholars and reviewers advocate for the use of multiple databases, such as WoS
and Scopus, to ensure comprehensive coverage of the literature.

However, this strategy is not without limitations. Combining multiple databases
often results in overlapping or duplicate records, which can complicate the data
cleaning process and potentially compromise the reliability of the findings (Lim
et al., 2024). Moreover, a significant proportion of journals are co-indexed in both
Scopus and WoS, particularly within established research domains, suggesting
that using multiple databases may add limited value. To preserve the data
integrity, minimize redundancy and streamline the analysis process, this study
relies exclusively on the WoS database as a single and comprehensive source for
bibliometric data.
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To ensure methodological rigor, a quality appraisal process was applied through
clearly defined inclusion and exclusion criteria. Articles were systematically
screened based on publication type, time frame, language, subject relevance and
educational context. Abstracts were first reviewed, followed by full-text screening
where necessary to confirm relevance. Only studies directly addressing teaching
geometry, including instructional strategies, conceptual understanding and
intervention outcomes were retained. This process ensured the inclusion of high-
quality and relevant studies for subsequent bibliometric and content analysis.
Inclusion and exclusion criteria were systematically applied to ensure the
relevance and quality of selected studies as seen in Table 1.

Table 1: Inclusion and exclusion criteria

Criteria Inclusion Exclusion
Publication type Peer-reviewed journal Books, book chapters, theses,
articles, conference editorials, non-peer-reviewed
papers, review articles sources
Time frame Published between 2016  Published before 2016
and 2025
Language English Non-English publications
Subject focus Studies related to Studies not related to geometry
teaching geometry, teaching (e.g., pure mathematics,
including concepts, unrelated STEM topics)

instructional strategies
and learning outcomes

Educational context  Studies within Studies outside educational
mathematics education ~ context or not focused on
(including primary, teaching/learning
elementary and related
levels)

Relevance Empirical or review Studies lacking clear relevance to

studies addressing teaching geometry
geometry teaching or
interventions

The search covered the period from 2016 to 2025, and the data were analyzed
accordingly. Search string of suitable keywords ("geometry" OR "geometric" OR
"shape" OR "spatial") AND ("teaching" OR "instruction" OR "education" OR
"pedagogy") AND ("primary school" OR "elementary school" OR "grade school"
OR '"early education") was used. The initial search across titles, abstracts or
keywords generated 1,196 results. This number was narrowed down to 862 after
filtering articles published within 10 years from 2016 to 2025.

Then, the search was further narrowed to the elimination based on English
language, limiting the records to 602 papers. The remaining articles were screened
by reading the abstracts and in cases where there was uncertainty about relevance,
full papers were reviewed. To ensure only relevant articles were included, the
final section focused on those discussing teaching geometry (concepts, strategies
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and outcomes) and interventions aimed at improving teaching geometry.
Following the elimination based on these, the final dataset consisted of 436 papers,
which were included in the bibliometric analysis to identify publication trends,
influential authors and thematic structures. From this dataset, a subset of 30
articles was purposefully selected for in-depth content analysis. These articles
were identified based on their prominence within co-citation -clusters,
representing key themes and influential works in the field. The entire process of
data extraction is illustrated in Figure 1.

Documents retrieved
from WoS
Stage 1 (n=1196)

;

Limiting the records to years from 2016-2025
(n=862)

Stage 2 Limiting the records to English

(n=602)

v

Screened documents based on inclusion
criteria (teaching geometry and geometry
knowledge) after reading abstracts and
removal of duplicates

v

Bibliometric analysis
(n=436)

v

Content analysis

Stage S of clusters
(n=30)

Stage 3

Stage 4

Figure 1: Data extraction process (Ismail et al., 2024)

5. Data Analysis

This study employs an integrated methodological framework that combines
bibliometric analysis with a systematic review to examine the evolution of
geometry education research over the past decade. The collected data were
analyzed using both quantitative bibliometric techniques and qualitative thematic
analysis. Bibliometric analysis was conducted using specialized software,
VOSviewer to systematically map publication trends, visualize co-citation
networks and analyze keyword co-occurrence patterns and content structures
within the field. These techniques enabled the identification of research clusters,
influential publications and thematic relationships across the dataset. This
quantitative mapping is complemented by a systematic review, which provides
qualitative insights into thematic developments and research path.
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As highlighted in previous methodological literature, systematic reviews can take
multiple forms ranging from narrative reviews that apply theoretical frameworks
to propose future research directions (Migliavaca et al., 2020), scoping reviews
that chart key concepts and evidence types (Munn et al., 2022), meta-analyses
synthesizing statistical outcomes (Knoll & Matthes, 2017), bibliometric reviews
that map scholarly landscapes (Donthu et al., 2021) to umbrella reviews that
consolidate evidence on broad research questions (Nayak et al., 2025).

This study employs a combined bibliometric and systematic literature review
(SLR) design, a methodology that enables both macro-level mapping of the
research landscape and micro-level thematic interpretation. This dual approach is
well-suited for comprehensive field analysis and has been effectively
implemented in prior studies (Ang et al., 2025; Sengodan et al., 2025). Bibliometric
techniques are widely recognized for their capacity to represent the intellectual
structure of academic fields (Ismail et al., 2025) and to identify emerging thematic
clusters (Blanco-Mesa et al., 2017). Systematic reviews, on the other hand, are
crucial for synthesizing accumulated knowledge, minimizing bias (Tranfield et
al., 2003) and identifying underexplored areas that warrant further investigation
(Talan & Sharma, 2019).

In this study, bibliometric analysis is first applied to investigate structural and
thematic patterns across the literature, followed by content analysis to explore
dominant research themes in depth (Baker et al., 2020). While the primary dataset
was restricted to publications between 2016 and 2025, the co-citation analysis
inherently incorporates earlier studies that are cited within these documents. As
a result, the temporal span of the co-citation network extends beyond the defined
study period. This allows the identification of foundational and highly influential
works that continue to shape current research in geometry education.
Consequently, some clusters include publications dating back to earlier years,
such as 1971, reflecting the historical development of the field rather than
inconsistencies in data selection.

Specifically, co-citation analysis was used to examine relationships between
frequently cited documents, while keyword co-occurrence analysis was applied
to identify dominant research topics and emerging trends. Following the
methodological principles outlined by Boyack & Klavans (2010), co-citation and
content analyses are employed to examine the interconnections between scholarly
documents, thereby uncovering the intellectual structure of the field. Building
upon this foundation, the analysis investigates publication trends, citation
networks, co-citation clusters, keyword co-occurrence patterns and both local and
global citation impacts. This is complemented by a qualitative thematic
interpretation, consistent with the recommendations of Donthu et al. (2021) and
methodological frameworks in bibliometric research (Aria & Cuccurullo, 2017;
Zupic & Cater, 2015).

The bibliometric mapping was carried out using VOSviewer, which applies the

“visualization of similarities” (VOS) technique to generate spatial maps that
position items according to their relational strength (van Eck & Waltman, 2010).
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Its sturdy clustering algorithms and intuitive visualization features make it
specifically effective for conducting co-citation and keyword analyses (Perianes-
Rodriguez et al., 2016). The qualitative content analysis was conducted using a
thematic approach, where recurring patterns across selected studies were
identified, categorized and interpreted. A total of 436 articles were included in the
bibliometric analysis, providing a comprehensive overview of the research
landscape on geometry education during the studied period.

5.1 Findings

Number of articles

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Figure 2: Yearly distributions trends for publishing 436 articles from 2016 through
2025 (Source: Author’s own elaboration)

5.2 Publication Trends and Development of Teaching Geometry (RQ1)

To address Research Question 1, this section examines the publication trends and
development of research on teaching geometry from 2016 to 2025. Figure 2 shows
the yearly trend of publication on teaching geometry from 2016 to 2025. Overall,
the number of studies has steadily increased over the past ten years, with only
small changes in some years. The number of publications grew from 23 in 2016 to
a peak of 72 in 2024, reflecting a significant rise in scholarly engagement with this
topic.

The early phase from 2016 to 2018 showed modest growth followed by a dip,
potentially due to shifting research agendas or limited international collaboration.
However, from 2019 onwards, the trend accelerated with notable increases in 2020
and 2024. This surge may be attributed to the global emphasis on innovative
pedagogies and technology-enhanced learning, mainly in response to challenges
posed by the COVID-19 pandemic which prompted greater exploration of digital
tools for geometry instruction (Cahyono & Ludwig, 2019; Lai & Bower, 2020).

The decline to 44 articles in 2025 is likely due to incomplete database indexing for
the current year rather than a true decrease in scholarly interest. The dotted
trendline in Figure 2 confirms a positive long-term progression which indicating
that geometry education remains a vibrant research domain. These findings align
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with bibliometric observations in other STEM education fields where
technological integration and competency-based learning continue to drive
research momentum (Talan & Sharma, 2019). In fact, recent bibliometric studies
of STEM fields show consistent growth and diversification, especially in how new
tools, data-driven pedagogy and cross-disciplinary themes become focal points
(Abdi et al., 2024; Khalil et al., 2024). Thus, the observed decline in 2025 is probably
because of some papers have not been fully indexed, not because the interest in
geometry has been decreased.

5.2.1 Distribution of Publications, Authors and Research Landscape (RQ2)

To address Research Question 2, this section presents the distribution of
publications, key contributors, research areas and geographical trends in teaching
geometry research.

Table 2: Leading Authors and Affiliations

Leading Authors Numbers of Top Affiliations Numbers of
Publications Publications
Ayub, Ahmad Fauzi 3 Beijing Normal University 8
Mohd
Davis, Brent 3 University of London 8
Farran, Emily K. 3 University of California 7
System
Hwang, Wu-Yuin 3 University of North 7
Carolina
Lavicza, Zsolt 3 University of Belgrade 6
Lennon-Maslin 3 Utrecht University 6
Michelle
Liu, Jia 3 Autonomous University of 5
Madrid
Mulligan, Joanne 3 State University System of 5
Florida
Andersson, Johanna 2 University of Melbourne 5

Table 2 presents the most active authors and institutional affiliations contributing
to research on teaching geometry. Several scholars emerge as key contributors to
the field, with Ayub Ahmad Fauzi Mohd, Davis Brent, Farran Emily K., Hwang
Wu-Yuin, Lavicza Zsolt, Lennon-Maslin Michelle, Liu Jia and Mulligan Joanne
each authoring three publications. Their consistent output reflects sustained
engagement with research themes related to teaching geometry, highlighting their
influence in shaping the discourse and advancing the field. Additionally,
Anderson Johanna has contributed two publications, further enriching the
breadth of scholarship in this area.

Institutional analysis reveals the leading research hubs in teaching geometry.
Beijing Normal University and the University of London each recorded eight
publications, positioning them as central institutions driving research activity in
this domain. The University of California System and the University of North
Carolina follow closely with seven publications each, demonstrating strong
institutional investment in geometry education. Other notable contributors
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include the University of Belgrade and Utrecht University with six publications
each, as well as the Autonomous University of Madrid, State University System
of Florida and the University of Melbourne, each with five publications. This
distribution underscores a diverse yet concentrated network of research activity
with significant contributions stemming from both individual universities and
larger university systems. This concentration of contributions within specific
institutions suggests that research in teaching geometry is influenced by
established academic networks and research capacity. This may limit the diversity
of pedagogical perspectives and highlights the need for broader international
collaboration to ensure more contextually responsive teaching practices.

5.2.2 Publication by Academic Landscape

Computer Science, 13

Englneering, 14

Education Educational Research, 330 Lingulsties, 13

Figure 3: Primary research areas in teaching geometry across 436 papers

Figure 3 illustrates the research areas contributing to the 436 publications on
teaching geometry. The distribution highlights the interdisciplinary nature of this
field, showing how different domains support the advancement of teaching in
geometry. The largest share comes from Education and Educational
Research with 330 publications, which clearly demonstrates that most studies are
directed towards improving classroom practices, instructional methods,
curriculum design, teacher training and the integration of digital tools in
mathematics education (Jablonski & Ludwig, 2023).

Psychology ranks second with 77 publications, emphasizing the importance of
cognitive, developmental and motivational factors in teaching geometry.
Following this, Computer Science accounts for 23 publications, reflecting the
rising role of technology such as dynamic geometry environments, artificial
intelligence and digital platforms in supporting geometry instruction. Smaller yet
notable contributions come from fields such as Social Sciences with 20
contributions and Engineering with 14 contributions. Moving to Linguistics with
13 contributions and Mathematics with 12 contributions. These indicate cross-
disciplinary perspectives where geometry research intersects with problem-
solving approaches, spatial language, engineering simulations and mathematical
reasoning. Additional fields of research areas such as Rehabilitation and
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Telecommunications with number of five contributions and Life Sciences with 4
contributions suggest niche applications such as in special education and
accessibility or visualization technologies.

While education and psychology remain the predominant domains within the
teaching geometry research landscape, the active participation of fields such as
computer science, engineering, linguistics and the social sciences indicates that
teaching geometry extends beyond pedagogical concerns. It increasingly
intersects with technological innovation, cognitive science and applied research,
reflecting a broader interdisciplinary shift. This convergence offers a stronger
foundation for addressing persistent challenges in geometry teaching and fosters
opportunities for the development of innovative, technology-enhanced and
learner-centered instructional approaches (Almubarak et al., 2025; van den
Heuvel-Panhuizen & Elia, 2012).

5.3 Global scale of distributions of teaching geometry in different countries

Table 3: Teaching geometry contributions based on countries

Countries Contributions
USA 86
Germany 34
Australia 31
China 25
Spain 23
England 21
Canada 17
Italy 16
Netherlands 16
Taiwan 14

Table 3 presents the leading countries contributing to research on teaching
geometry. The United States leads the field with 86 publications, reflecting its
strong research infrastructure, sustained investment in STEM education and
emphasis on developing innovative pedagogical approaches. This dominance
also indicates active collaboration between universities and educational research
centres in advancing geometry teaching practices.

Next is Germany, ranks second with 34 publications and Australia with 31
publications have vibrant research communities that actively contribute to both
theoretical and classroom-based development in geometry teaching. European
countries such as Spain with 23 publications, England with 21, showing same
numbers of publications from Italy and the Netherlands with 16 publications also
show significant engagement, highlighting Europe’s collective role in promoting
technological integration and learner-centered methods in teaching geometry.

In Asia, China with 25 publications and Taiwan with 14 publications are
emerging as notable contributors, reflecting their increasing involvement in
international research collaborations and their focus on embedding digital tools
and visualization techniques in mathematics instruction. Canada with 17
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publications further reinforces North America’s strong representation in the
global research landscape.

Figure 4 illustrates a geographically diverse research landscape, reflecting how
the study of teaching geometry has expanded beyond traditional academic hubs.
While Western countries remain at the forefront, especially the USA that shown
in dark purple along with several European countries, there is a clear rise in
contributions from Asian countries, indicating active involvement in advancing
teaching geometry. This uneven distribution suggests that access to research
funding and technological infrastructure significantly influences knowledge
production in geometry education. Consequently, teaching practices in
underrepresented regions may not fully benefit from current research
advancements, reinforcing the need for more inclusive global research efforts.

Distributions of teaching geometry in different countries

.....

made with iipmaps.com

~ Australia

South Afr. New Zealand

Source
Link to a source
goes here

Figure 4: Distributions of teaching geometry in different countries

5.4 Thematic Structure and Emerging Research Trends (RQ3)

To address Research Question 3, this section analyzes keyword co-occurrence
patterns, co-citation networks and thematic clusters to identify emerging research
trends in teaching geometry.
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Table 4: Keyword occurrences

Keywords Occurrences
mathematics 157
primary school 67
children 48
geometry 42
students 38
teachers 37
knowledge 33
preschool 32
performance 31
skills 29

Table 4 provides keyword analysis that reveals the central themes and research
focus areas across the dataset. The most frequent keyword is mathematics with
157 occurrences, indicating that most of the studies are broadly situated within
the field of mathematics education. This confirms that the research primarily
investigates mathematical learning processes and pedagogical strategies. The
second most common keyword, primary school with 67 occurrences, suggests
that a large proportion of the research is concentrated on the elementary level,
where foundational mathematical and spatial concepts are developed. Closely
related are the keyword children with 48 occurrences, emphasizing the
importance of early learning stages and the introduction of geometry to young
learners.

Geometry appears 42 times, positioning it as a central theme but not the sole
focus, suggesting that geometry is often studied in connection with broader
aspects of mathematics learning. The keywords students with 38 occurrences
and teachers with 37 occurrences reflect the dual focus of research which are
understanding how learners acquire knowledge and how educators design and
deliver instruction. Meanwhile, knowledge with 33 occurrences underscores the
attention given to conceptual understanding and the role of teacher or student
knowledge in learning outcomes. The appearance of preschool with 32
occurrences highlights the growing recognition of introducing spatial reasoning
and geometry concepts at very early stages of education.

Next, keywords such as performance with 31 occurrences and skills with 29
occurrences indicate a strong research interest in measuring outcomes, both in
terms of students’ achievement and the development of cognitive and spatial
skills. These suggest that beyond teaching methods, researchers are also
concerned with evaluating the effectiveness of instructional practices in geometry
education. The strong emphasis on early education and performance-related
keywords suggests that current research prioritizes foundational learning and
measurable outcomes. This may influence teaching practices to focus more on
skill acquisition and assessment, potentially at the expense of deeper conceptual
exploration if not carefully balanced.
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5.5 Co-Citation Analysis
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Figure 5: Co-citation network analysis on teaching geometry research (created using

Vosviewer, with a minimum citation threshold of 10)

According to Garfield et al. (2017) and van Eck and Waltman (2010), a co-citation
network enables the organization of articles into clusters based on the intensity of
their interconnectedness, where stronger linkages are typically observed within
clusters rather than between them. Articles that fall within the same cluster tend
to share common themes and exhibit closer intellectual relationships compared to
those in other clusters. Co-citation analysis examines how frequently pairs of
documents are cited together within the scholarly literature, allowing the
identification of intellectual linkages and influential works that shape the field.

By mapping these co-citation patterns, clusters of related studies emerge,
revealing underlying research traditions, theoretical foundations and evolving
scholarly conversations. This clustering approach provides a systematic means of
identifying thematic groupings and intellectual structures within the co-citation
network (Mora et al, 2019). The co-citation analysis visualized
through VOSviewer revealed that the emergence of three distinct vyet
interconnected clusters, each representing a core dimension within the research
landscape of geometry teaching from 2016 to 2025.

Cluster 1, comprising 13 documents, encapsulates works that establish
the theoretical and pedagogical foundations of geometry instruction. This cluster
is characterized by seminal contributions on mathematical thinking models,
pedagogical content knowledge and sociocultural approaches to learning, all of
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which collectively frame the conceptual and instructional bases of geometry
education. Cluster 2, consisting of11 documents, centers on cognitive
development and spatial reasoning, gathering studies that examine the
psychological and developmental processes underpinning spatial ability and its
role in supporting learners” understanding of geometric concepts.

Cluster 3, contains 6 documents, encompasses applied and empirical studies on
early spatial learning, with a particular emphasis on research exploring
instructional interventions, experimental designs and technology integration
aimed at enhancing spatial reasoning in early geometry education. It should be
clarified that the cluster analysis in Table 5 is based on co-cited references from
the selected articles published between 2016 and 2025. The documents in the
clusters are not limited to the reviewed articles but include influential works cited
by them. This is a common approach in co-citation analysis, which aims to identify
the key theoretical foundations of a research field.

Table 5: Leading articles in each cluster based on total link strength

Cluster 1 (Theoretical Cluster 2 (Cognitive Cluster 3 (Applied and
and Pedagogical Development and Spatial Empirical Studies on Early
Foundations) Reasoning) Spatial Learning)
Handbook of Research on Braun (2006) Casey et al. (2008)
Mathematics Teaching
(1992)
NCTM (2000) Cheng & Mix (2014) Levine et al. (1999)
Azuma (1997) Gunderson et al. (2012) Mix (2012)
Battista (2007) Hawes et al. (2022) Verdine et al. (2014)
Clements (2011) Lin & Petersen (1985) Verdine et al. (2017)
Cohen (1988) Mix (2016) Wai et al. (2009)
Duncan et al. (2007) Newcombe & Frick (2010)
Van Hiele (1999) Shepard & Metzler (1971)
Miles & Huberman (1994) Uttal et al. (2012)
Sarama & Clements Uttal et al. (2013)
(2009)
Shulman (2019) Vanderberg & Kuse (1978)
Van Hiele (1986)

Vygotsky (1978)

Building on the co-citation analysis, the following content analysis further
explores the thematic dimensions identified in RQ3.

5.6 Content Analysis

Following the co-citation analysis, an in-depth review of 30 selected articles was
conducted and categorized into three groups. The detailed examination of each
group highlighted a prevailing theme emerging within them. In parallel, content
analysis is used to qualitatively and thematically examine the focus of the selected
studies, capturing the key pedagogical themes, instructional strategies and
conceptual frameworks that characterize current research.
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5.6.1 Cluster 1: Theoretical and Pedagogical Foundations

This cluster encapsulates the seminal theories and pedagogical frameworks that
form the foundation of mathematics education, particularly in the teaching and
learning of geometry and spatial reasoning. The works collectively illustrate the
evolution of thought from cognitive developmental theories to instructional
standards and teacher knowledge frameworks.

Early cognitive and sociocultural theories such as Vygotsky (1980) and Van Hiele
(1986) established the conceptual underpinnings for understanding how learners
progress through levels of mathematical and geometric thinking. Vygotsky’s
sociocultural theory foregrounded the role of social interaction and mediated
learning in cognitive development, while Van Hiele’s five hierarchical levels
which are visualization, analysis, abstraction, formal deduction and rigor that
outlined how learners’ geometric reasoning matures through structured
instruction and language development. Later, Van Hiele (1999) extended these
ideas by emphasizing the role of play and hands-on activities such as mosaics and
tangrams in developing geometric thinking among children.

Building on this foundation, the pedagogical implications of these theories are
further elaborated in Battista (2007) who refined and contextualized the Van Hiele
model, highlighting the importance of instructional strategies that nurture both
geometric and spatial reasoning. Similarly, documents from Clements and
Sarama (2009, 2011) focused on early childhood mathematics education,
demonstrating how young learners construct spatial understanding through
creative, play-based and hands-on exploration. Their research underscores that
well-designed professional development and learning trajectories can transform
teachers’ beliefs and practices, enhancing early geometry learning outcomes.

Extending beyond classroom-level implementation, the NCTM (2000) provided a
broad policy framework, outlining a national vision for excellence in mathematics
education. It emphasized teacher preparation, systematic assessment and shared
responsibility among educational stakeholders to ensure equitable learning
opportunities for all students. Complementing this, Grouws (1992) consolidated
empirical and theoretical insights for mathematics education researchers,
establishing the discipline’s scholarly foundation. In parallel and enriching this
discourse, theoretical discussions on teacher knowledge are advanced
through Shulman (2019), whose conceptualization of pedagogical content
knowledge (PCK) explains how teachers integrate content expertise with
pedagogical reasoning. This construct bridges theory and practice, informing how
teachers design and enact instruction that aligns with learners’ cognitive
development.

In a similar vein, Cohen (1988) contributes methodological rigor to educational
research through his foundational work on statistical power analysis, influencing
the design and interpretation of quantitative studies in mathematics education.

Further linking theory to developmental outcomes, Duncan et al. (2007) provide
longitudinal evidence showing that early mathematical and attentional skills are
strong predictors of later academic achievement, underscoring the long-term
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significance of early geometry and spatial learning. Finally, Azuma (1997) offers
a technological dimension by reviewing frameworks and tools for developing
educational applications using augmented reality setting the stage for future
pedagogical innovation that bridges foundational learning theories with digital
implementation.

5.6.2 Cluster 2: Cognitive Development and Spatial Reasoning

This cluster brings together foundational, experimental and meta-analytic works
that collectively trace the development, structure and trainability of spatial
reasoning and its relationship to mathematical cognition. The studies show that
spatial thinking is not only central to early cognitive development but also
functions as a crucial predictor and enhancer of mathematical and STEM-related
achievement. Early experimental research by Shepard and Metzler (1971)
established the concept of mental rotation, demonstrating that the time required
to recognize two objects as identical is linearly related to the angular disparity
between them. This discovery laid the groundwork for understanding spatial
visualization as one of measurable cognitive process.

Building on this, Vandenberg and Kuse (1978) developed a group-based paper-
and-pencil test for assessing three-dimensional spatial visualization, validating its
reliability and identifying consistent sex differences, thereby extending spatial
cognition research into scalable educational and psychometric applications.
Whereas this work focused on psychometric instrument development, Linn and
Petersen (1985) conducted a meta-analysis on sex differences in spatial ability,
concluding that significant disparities appear primarily in mental rotation tasks
and can be detected across the lifespan. These findings contextualized the study
of spatial cognition within developmental and gender-based frameworks, later
motivating research into the malleability of such abilities.

In refining the conceptual understanding of spatial growth, Newcombe and Frick
(2010) emphasized the developmental trajectory of spatial intelligence from
infancy to early schooling, noting both its evolutionary significance and its
educational implications. She argued that spatial thinking develops through
everyday play and experience and that intentional early interventions could
enhance these abilities while reducing gender and socioeconomic gaps.
Similarly, Gunderson et al. (2012) revealed that spatial skills specifically mental
transformation, predict children’s understanding of the linear number line, which
in turn mediates their later numerical reasoning. This longitudinal evidence
situates spatial cognition as a cognitive bridge linking perceptual understanding
to abstract mathematical concepts.

In response, empirical work has increasingly focused on intervention-based
approaches, with several studies examining the causal relationship between
spatial training and mathematical achievement. Cheng and Mix (2014)
demonstrated that even a single session of mental rotation training can
significantly improve young children’s calculation skills, particularly in tasks
requiring relational reasoning. Hawes et al. (2022) identified moderating variables
such as age, use of manipulatives and the proximity of transfer tasks, emphasizing
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that concrete, hands-on spatial training is most effective in fostering mathematical
understanding.

Reinforcing these conclusions, complementary meta-analytic evidence from Uttal
et al. (2013) further confirmed that training effects generalize to untrained spatial
tasks and persist over time, suggesting enduring cognitive change. A typology
was introduced that differentiates between intrinsic and extrinsic as well as static
and dynamic spatial skills, emphasizing the importance of adopting instructional
approaches tailored to these distinct dimensions of spatial reasoning. In a related
synthesis, Uttal and Uttal and Cohen (2012) explored when and why spatial skills
influence STEM success, proposing that they act as gateways to participation in
these fields. They argued that spatial training could reduce early barriers to STEM
learning, particularly for novices whose limited visualization capacities hinder
conceptual understanding.

Moving from intervention to cognitive structure, cross-sectional and
developmental insights from Mix et al. (2016) offered a nuanced view of the
structural relationship between space and mathematics. Their analyses revealed
that spatial and mathematical abilities, though distinct, are highly correlated
across childhood, with specific cognitive components such as mental rotation and
visual-spatial working memory, predicting mathematical performance at
different ages. This supports the idea of domain-specific development with
dynamic cross-domain interaction.

Broadening the analytical toolkit for exploring these patterns, Braun and Clarke
(2006) provided a qualitative analytic lens through thematic analysis,
emphasizing theoretical flexibility and rigor in identifying cognitive and
behavioral patterns within complex psychological data. This contribution
complements the empirical studies by offering a solid interpretive framework for
analyzing developmental trajectories and cognitive mechanisms in spatial
reasoning research.

5.6.3 Cluster 3: Applied and Empirical Studies on Early Spatial Learning

A key theme in this cluster is the effectiveness of early, experience-based spatial
learning in supporting mathematical development. The studies collectively trace
how spatial reasoning especially through play-based and constructive activities
such as block building that develops in early childhood and predicts later
mathematical and STEM achievement. They also highlight the influence of
contextual variables such as socioeconomic status, gender and executive
functioning on spatial-mathematical relations.

Early empirical work by Levine et al. (1999) provided foundational evidence for
the emergence of sex differences in spatial skills among preschool-aged children.
Using a spatial transformation task, the study identified a clear male advantage
by age four and a half, which was not limited to rotation tasks but also extended
to translation items. This finding distinguished early childhood patterns from
those seen in older populations, where differences are typically strongest in
mental rotation. Importantly, boys and girls performed comparably on
vocabulary measures, indicating that the observed spatial differences were not
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due to general cognitive disparities. The findings foregrounded biological and
experiential factors in early spatial development and laid groundwork for
understanding individual differences in spatial cognition.

Building upon this, Casey et al. (2008) examined whether structured interventions
could enhance young children’s spatial reasoning through block-building
activities. The study compared two intervention groups with and without a
storytelling context and a control group. Both intervention types of significantly
improved children’s spatial visualization, while the story-integrated condition
yielded the highest performance in block building. These results underscored the
pedagogical value of embedding spatial learning within narrative and play-based
contexts, showing that meaningful engagement through stories supports deeper
spatial understanding. Moreover, consistent with earlier findings, boys
outperformed girls in three-dimensional mental rotation, reinforcing early sex-
based performance trends.

Extending the empirical evidence to broader educational contexts, Mix and Cheng
(2012) reviewed the developmental and educational implications of the
relationship between space and mathematics. The analysis reaffirmed that spatial
ability correlates strongly with mathematical performance across the lifespan but
noted that this relationship in early development remains underexplored. Mix
identified a critical need for mechanistic explanations and longitudinal studies
that trace how spatial experiences in early childhood contribute to later
mathematical cognition. This synthesis illuminated both the potential of spatial
interventions for mathematics education and the current gaps in understanding
developmental causality.

A major advance in this domain came from Verdine et al. (2014) who
systematically analyzed preschoolers” spatial assembly performance using
interlocking block tasks. Their detailed scoring system revealed fine-grained
variations in spatial processing beyond simple accuracy metrics. Spatial assembly
was found to be a significant independent predictor of concurrent mathematical
skills, demonstrating a robust cognitive linkage between these domains as early
as age three. The study also uncovered socioeconomic disparities which are the
children from lower-SES backgrounds performed less well and were exposed to
less spatial language at home, highlighting the social dimensions of early
cognitive development. Interestingly, no gender differences were detected,
suggesting that environmental factors, rather than inherent ability, might play a
greater role at this developmental stage.

Expanding on these findings, Verdine et al. (2017) conducted a longitudinal
monograph exploring the measurement, development and predictive validity of
preschool spatial skills. Using the newly developed Test of Spatial Assembly
(TOSA), they confirmed that spatial skills can be reliably measured in children as
young as three and that these early abilities significantly predict spatial and
mathematical skills at age five. The analysis identified executive function and
language as additional predictors of mathematical performance and reaffirmed
SES as a key determinant of spatial development. It was concluded that early and
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enriched spatial experiences, such as engaging with puzzles, block play and
everyday spatial interactions are essential for fostering school readiness and
building a strong foundation for future success in STEM fields. Their findings
provided sturdy empirical evidence for the developmental continuity between
early spatial reasoning and later academic achievement.

At the broader population level, Wai et al. (2009) demonstrated that spatial ability
consistently predicts long-term educational and occupational outcomes in STEM
domains. Aligning these findings with historical and contemporary evidence, the
authors argued that spatial ability should be included in modern talent
identification programs, as it identifies high-potential students often overlooked
by conventional measures of verbal and quantitative reasoning. These clusters
demonstrate progression from foundational theories to applied instructional
strategies, suggesting that effective geometry teaching requires alignment
between cognitive development, pedagogical design and classroom
implementation.

5.7 Evolution of Clusters

Over time, research clusters have evolved to incorporate interdisciplinary
perspectives, integrating insights from cognitive science, educational technology
and curriculum design. This evolution reflects the dynamic nature of geometry
education research and its responsiveness to emerging educational needs.

Table 6: Distribution of publications across clusters (1971-2022)

Year Cluster 1 Cluster 2 Cluster 3
1971 1

1978 1 1

1985 1

1986
1988
1992
1994
1997
1999
2000
2006 1

2007 2

2008 1
2009 1 1
2010 1

2011 1
2012

2013

2014

2016

2017 1
2019 1

2022 1

Total 13 11 6

UG UG (UG (U U U U

R U NN
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To trace the intellectual progression of geometry education research, the evolution
of clusters within the co-citation network was examined. Table 6 presents the
distribution of publications across the three clusters from 1971 to 2022. In the early
decades from 1970s to 1990s, research activity was concentrated in Cluster 1,
which focuses on the educational and theoretical foundations of geometry
teaching. The two works which were the foundational contributions on spatial
visualization, Vygotsky (1978) and Van Hiele (1986, 1999) established core
frameworks for understanding students’ progression in geometric reasoning and
how pedagogy can support this development. These early works laid the
curricular and theoretical groundwork that continues to shape the field.

In the early 2000s, the field saw notable growth in Cluster 2, centering
on cognitive development and spatial reasoning. Influential studies
by Newcombe & Frick (2010), Uttal et al. (2012, 2013) and Mix (2016) reflect a shift
towards integrating cognitive science perspectives, highlighting the predictive
role of spatial abilities such as mental rotation and visualization in students’
geometric understanding and achievement. This period marks a significant
broadening of focus, with growing attention to individual differences and
cognitive processes in mathematics learning.

Cluster 3, which comprises applied and empirical studies on early spatial
learning, began to emerge more strongly after 2005, with steady growth from 2008
onwards. Research by Casey et al. (2008), Verdine et al. (2014, 2017) and Levine
(1999) illustrates the increasing emphasis on instructional design, early
interventions and classroom strategies to cultivate spatial skills and deepen
geometric understanding. Entering the 2010s and 2020s, this cluster continued to
expand, with contributions such as Hawes (2022) emphasizing the integration of
technology and applied pedagogical methods in geometry education.

6. Discussion

This study identifies three major dimensions in teaching geometry research: (1)
theoretical and pedagogical foundations, (2) cognitive development and spatial
reasoning and (3) applied and technology-enhanced instructional practices. These
findings reflect a shift from traditional procedural approaches toward more
interactive, student-centered and cognitively informed teaching.

Teaching geometry plays a pivotal role in developing learners’ higher-order
thinking, spatial reasoning and problem-solving skills supporting their
engagement with both mathematical and interdisciplinary domains (Serin, 2018).
This systematic review provides a decade-long overview of research on teaching
geometry from 2016 to 2025, supported by a bibliometric analysis that maps
publication trends, thematic structures and intellectual influences in the field.
Over the past decade, research on geometry teaching has expanded considerably,
evidenced by the growing volume of publications, diversification of pedagogical
themes and increased methodological sophistication.

The intellectual structure underlying recent research draws heavily on
foundational theories that shaped the study of geometry teaching throughout the
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late twentieth century. Influential works such as Vygotsky (1978) and Van Hiele
(1986, 1999) continue to inform contemporary pedagogical approaches especially
in understanding how learners progress through levels of geometric reasoning
and how instruction can scaffold this progression. The transition
from visual to analytical reasoningis crucial because students often begin
learning geometry through perceptual understanding by recognizing shapes and
patterns based on appearance. However, meaningful geometric understanding
requires them to reason about properties, relationships and logical structures.

According to Van Hiele’s hierarchical model of geometric thinking (Van Hiele,
1986), learners progress through ordered stages: from recognizing shapes visually
(Level 1) to analyzing their properties (Level 2) and later reasoning about
relationships and proofs (Level 3 and above). Many studies explore how teachers
can design tasks that move students from visual to analytical reasoning, reflecting
Van Hiele’s hierarchical model and how sociocultural interactions in classrooms
can support this process. Thus, teachers must intentionally design instructional
tasks that would connect these levels. Without such scaffolding, students may
remain at a superficial level of shape recognition and unable to generalize or
apply geometric concepts abstractly (Clements & Battista, 2020). The process is
grounded in Van Hiele’s cognitive hierarchy, which justifies the need for
structured progression and social constructivism highlighting how classroom
interactions facilitate that progression.

However, despite strong theoretical support, empirical studies indicate that many
students do not progress beyond basic levels of geometric reasoning, suggesting
a gap between theoretical models and classroom implementation. This may be
attributed to constraints such as limited instructional time, insufficient teacher
preparation and overreliance on procedural teaching approaches. There is also a
growing attention to integrating curriculum reforms with broader STEM
initiatives and positioning geometry as an isolated topic and a key component in
fostering mathematical literacy. Recent research emphasizes integrating geometry
within broader STEM initiatives to enhance mathematical literacy. This focus
arises because geometry reinforces spatial reasoning, modelling and visualization
skills that essential for problem-solving across science, technology and
engineering fields (English & Sriraman, 2010; Sinclair et al., 2020).

Curriculum reforms increasingly promote cross-disciplinary learning,
positioning geometry as a bridge between abstract mathematics and real-world
applications. Instructionally, this integration is realized through inquiry-based
and design-oriented pedagogies that employ tools such as dynamic geometry
software, augmented reality and 3D modelling to connect geometric reasoning
with authentic problem contexts (Erdogmus et al., 2021). These approaches help
students recognize geometry’s relevance beyond the classroom and foster deeper
conceptual understanding. Therefore, embedding geometry within STEM
learning supports the development of mathematical literacy by enabling students
to interpret spatial information, reason quantitatively and apply their knowledge
effectively in diverse domains (OECD, 2023).
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Despite these advantages, the integration of geometry within STEM contexts is
not without limitations. In practice, teachers may lack the pedagogical and
technological expertise required to effectively design interdisciplinary tasks,
leading to superficial integration rather than meaningful conceptual connections.
The second cluster on cognitive development and spatial reasoning highlights the
critical role of teachers in developing students” spatial abilities through targeted
instructional practices. Rather than treating spatial reasoning as an innate skill,
research during this decade positions it as a teachable and developable cognitive
domain. Studies emphasize how teachers wuse visualizations, gestures,
manipulatives and digital tools to help students construct mental representations

and engage actively with geometric concepts (Hawes et al., 2022; Newcombe &
Frick, 2010; Uttal et al., 2013).

Digital tools such as dynamic geometry environments also allow students to
explore and manipulate shapes interactively, promoting deeper conceptual
understanding and bridging the gap between concrete exploration and abstract
thinking. These works demonstrate that pedagogical approaches that foreground
spatial reasoning led to deeper conceptual understanding and improved
problem-solving, reinforcing the need to embed spatial thinking systematically
within geometry instruction. This suggests that spatial reasoning should be
positioned as a central component of geometry instruction rather than as a
supplementary skill.

However, the effectiveness of digital technologies is not consistent across
contexts. Some studies report that without proper pedagogical guidance; digital
tools may reinforce surface-level engagement rather than deep conceptual
understanding. In addition, issues such as limited access to technology,
insufficient training and increased cognitive load may hinder their effective
implementation in classrooms. The third cluster comprises applied and empirical
studies on early spatial learning focusing on how teaching practices in the early
years can nurture foundational spatial and geometric thinking.

Research in this area often examines classroom interventions, teacher-led play-
based activities and the use of spatial language in instruction (Gunderson et al.,
2012; Mix, 2016). Such approaches are emphasized because spatially rich learning
environments actively engage students in visualizing, reasoning and problem-
solving skills that are foundational to both geometric understanding and broader
STEM competence. When teachers intentionally design instruction that nurtures
spatial awareness through hands-on exploration, visual modeling and discussion,
students develop flexible thinking and transferable reasoning abilities. Research
shows that these early instructional experiences improve immediate learning
outcomes and build cognitive structures that support advanced mathematics and
science learning.

Across these clusters, a significant shift is evident in how geometry is taught.
Earlier approaches often emphasized rote memorization and procedural
knowledge, whereas recent research focuses on integrating digital technologies,
adaptive tools and interdisciplinary methods to create more interactive and
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student-centered classrooms. The use of dynamic geometry software augmented,
virtual reality and Al-based adaptive learning platforms has expanded teachers’
instructional repertoires, allowing them to support visualization, reasoning and
exploration in more dynamic ways (Bujak et al., 2013; Sunzuma, 2023). These
technological innovations have transformed geometry teaching from static,
teacher-directed instruction to more flexible and inquiry-oriented pedagogies that
align with 21st-century learning goals.

Geographical patterns reveal that contributions to research on geometry teaching
are uneven. Countries with strong STEM education policies and well-supported
research infrastructures such as the United States and parts of Europe have
produced a significant portion of the literature especially in areas that related to
spatial reasoning and technological integration (Zhang & Chen, 2023). In contrast,
research from regions with limited resources remains underrepresented often due
to disparities in funding, institutional priorities and access to technology. This
imbalance points to the importance of fostering international collaborations and
cross-cultural research to broaden perspectives on effective teaching strategies
and adapt successful practices across contexts (Huang & Zhu, 2021).

Therefore, the past decade reflects a dynamic evolution in the teaching of
geometry. The convergence of strong theoretical foundations that growing
attention to spatial reasoning and practical classroom innovation has enriched
both the research landscape and pedagogical practices. Teaching geometry has
also gained increasing prominence within mathematics education with research
focusing on improving instructional approaches, teacher knowledge and the
integration of digital tools to enhance classroom practice (Jablonski & Ludwig,
2023). Earlier pedagogical models were often limited to traditional Euclidean
content delivered through direct instruction. Recent developments, however,
punctuate the role of technology, cognitive development theories and
interdisciplinary methods in supporting teachers to address diverse learning
needs (Kalyani, 2024).

Technological innovation has played a central role in transforming the way
geometry is taught. Tools such as augmented and virtual reality have enabled
teachers to design interactive and immersive activities that support spatial
reasoning and make abstract concepts more tangible (Bujak et al., 2013). These
tools encourage students to engage actively in problem-solving rather than
passively receiving information, marking a clear shift towards more student-
centred teaching. The integration of Al-based platforms and dynamic geometry
software has further supported teachers in adapting instruction to students’
needs, providing real-time feedback and personalized learning experiences (Jian,
2023; Sunzuma, 2023).

Recent research also highlights the integration of insights from cognitive science
into teaching practice. By understanding how learners develop geometric
reasoning and spatial thinking, teachers can employ strategies that promote
flexibility, problem-solving and deeper conceptual understanding (Muzaini,
2023). Approaches that combine cognitive insights with technology-enhanced
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instruction are helping reshape geometry teaching, making it more adaptive,
interactive and aligned with 21st-century educational goals.

7. Limitation and Future Research

While this review offers a comprehensive overview of research on geometry
teaching, several limitations should be acknowledged. First, the analysis relied
solely on the Web of Science (WoS) database. Although WoS provides extensive
coverage of high-impact publications, relevant studies indexed in other databases
such as Scopus or Google Scholar may have been excluded. Consequently,
emerging or practice-based studies on geometry teaching strategies that are not
yet widely cited might have been overlooked. Second, this review was limited to
English-language publications, which may have resulted in the omission of
significant research published in other languages exceptionally those
documenting innovative teaching practices in local or regional journals.
Furthermore, the co-citation analysis emphasized studies with high citation
counts, which may have excluded more recent but potentially influential works
on emerging pedagogical approaches.

Future research should aim to address these limitations by expanding the scope
of data collection to include multiple databases and publications in diverse
languages, thereby providing a more comprehensive representation of global
teaching practices. More specifically, future studies should employ longitudinal
research designs to examine the long-term impact of geometry teaching strategies,
particularly those involving spatial reasoning and digital technologies.
Researchers are also encouraged to develop context-sensitive instructional
models that account for differences in classroom environments, technological
access and student diversity. Strengthening international collaboration will be
crucial in developing more contextually responsive and equitable models of
teaching. Additionally, there is a need for more research conducted in
underrepresented regions especially in developing countries, to ensure a more
balanced and globally relevant understanding of geometry teaching practices.

8. Conclusion

This bibliometric and systematic review examines the development of research on
teaching geometry from 2016 to 2025, providing a comprehensive synthesis of
research developments in this field. By mapping intellectual trends and
identifying key contributors and thematic directions, the study offers valuable
insights for educators, policymakers and researchers seeking to strengthen
instructional practices in mathematics. The findings reveal a notable increase in
research output, reflecting the growing recognition of geometry teaching as a
crucial component of mathematics education. This rise corresponds with
advancements in spatial reasoning, digital integration and innovative
pedagogical approaches aimed at enhancing conceptual understanding and
classroom engagement.

To translate these insights into practice, professional development is essential for

equipping teachers with strong pedagogical content knowledge and digital
competence. Emphasis should be placed on active, inquiry-based and technology-
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enhanced instruction, including the use of dynamic geometry software and
augmented reality to support conceptual visualization. The review identifies
three main research clusters, theoretical and pedagogical foundations, cognitive
development and spatial reasoning and empirical studies on early spatial
learning, which collectively underscore the importance of integrating cognitive,
technological and pedagogical perspectives in effective teaching design.

Moreover, ongoing research should focus on longitudinal studies to examine
long-term impacts of spatial interventions, the integration of Al and VR-based
instructional tools and strategies to enhance participation from underrepresented
regions. Overall, the findings highlight the importance of theory-driven,
technology-supported and evidence-based pedagogical models in advancing
geometry instruction and fostering more engaging, inclusive and effective
mathematics education globally.

9. Acknowledgments

The authors would like to thank the anonymous reviewers for their valuable
comments and suggestions, which have significantly improved the quality,
content and presentation of this paper. The authors wish to acknowledge the use
of ChatGPT in the writing of this paper. This tool was used to help improving the
language and grammar in the paper. The paper remains an accurate
representation of the authors” work and intellectual contributions. This study was
funded by grant GG-2024-005 from the Faculty of Education, Universiti
Kebangsaan Malaysia.

10. References

Abdi, A. I, Omar, A. M., Mahdi, A. O., Asiimwe, C., & Osman, M. A. (2024). Tracing the
evolution of STEM education: a bibliometric analysis. Frontiers in Education, 9.
https://doi.org/10.3389/feduc.2024.1457938

Abuhassna, H., Adnan, M. A. B. M., & Awae, F. (2024). Exploring the synergy between
instructional design models and learning theories: A systematic literature review.

In  Contemporary  Educational Technology (Vol. 16, Issue 2). Bastas.
https://doi.org/10.30935/ cedtech /14289

Aderibigbe, A. O., Peter Efosa Ohenhen, Nwabueze Kelvin Nwaobia, Joachim Osheyor
Gidiagba, & Emmanuel Chigozie Ani. (2023). Artificial intelligence in developing
countries: Bridging the gap between potential and implementation. Computer
Science & IT Research Journal, 4(3), 185-199.
https:/ /doi.org/10.51594/ csitrj.v4i3.629

Ang, P. S, Maat, S. M., & Rosli, R. (2025). Tracing the evolution of mathematics learning
autism: A bibliometric analysis. European Journal of Educational Research, 14(3),
961-979. https:/ /doi.org/10.12973 / eu-jer.14.3.961

Angeli, C., & Valanides, N. (2020). Developing young children’s computational thinking
with educational robotics: An interaction effect between gender and scaffolding
strategy. Computers in Human Behavior, 105, 105954.
https:/ /doi.org/10.1016/j.chb.2019.03.018

Aria, M., & Cuccurullo, C. (2017). Bibliometrix : An R-tool for comprehensive science
mapping analysis. Journal of  Informetrics, 11(4), 959-975.
https://doi.org/10.1016/j.joi.2017.08.007

http:/ /ijlter.org/index.php/ijlter



348

Arvanitaki, M., & Zaranis, N. (2020). The use of ICT in teaching geometry in primary
school.  Education and  Information  Technologies,  25(6),  5003-5016.
https://doi.org/10.1007 /s10639-020-10210-7

Azuma, R. T. (1997). A survey of augmented reality. Presence: Teleoperators and Virtual
Environments, 6(4), 355-385. https:/ /doi.org/10.1162/pres.1997.6.4.355

Baker, S. R., Bloom, N., Davis, S. J., & Terry, S. J. (2020). COVID-Induced Economic
Uncertainty. www.worlduncertaintyindex.com.

Barut, M. E. O., & Retnawati, H. (2020). Geometry learning in vocational high school:
Investigating the students” difficulties and levels of thinking. Journal of Physics:
Conference Series, 1613(1). https:/ /doi.org/10.1088/1742-6596 /1613 /1/012058

Battista, M. T. (2007). The Development of Geometric and Spatial Thinking. Second
Handbook of Research on Mathematics Teaching and Learning, 843-908.

Blanco-Mesa, F., Merigé, J. M., & Gil-Lafuente, A. M. (2017). Fuzzy decision making: A
bibliometric-based review. Journal of Intelligent and Fuzzy Systems, 32(3), 2033-
2050. https:/ /doi.org/10.3233 /JIFS-161640

Boyack, K. W., & Klavans, R. (2010). Co-citation analysis, bibliographic coupling, and
direct citation: Which citation approach represents the research front most
accurately? Journal of the American Society for Information Science and Technology,
61(12), 2389-2404. https:/ /doi.org/10.1002/asi.21419

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research
in Psychology, 3(2), 77-101. https:/ /doi.org/10.1191/1478088706qp0630a

Bujak, K. R., Radu, 1., Catrambone, R., MacIntyre, B., Zheng, R., & Golubski, G. (2013). A
psychological perspective on augmented reality in the mathematics classroom.
Computers and Education, 68, 536-544.
https:/ /doi.org/10.1016/j.compedu.2013.02.017

Cahyono, A. N., & Ludwig, M. (2019). Teaching and learning mathematics around the city
supported by the use of digital technology. Eurasia Journal of Mathematics, Science
and Technology Education, 15(1). https:/ /doi.org/10.29333 / ejmste / 99514

Casey, B. M., Andrews, N., Schindler, H., Kersh, J. E., Samper, A., & Copley, J. (2008). The
development of spatial skills through interventions involving block building
activities. Cognition and Instruction, 26(3), 269-309.
https:/ /doi.org/10.1080/07370000802177177

Chaudhari, M. M., Ponnuswamy, D., Mugeem, M., & Bhaladhare, P. R. (2025). Augmented
reality (AR) and virtual reality (VR) in education: assessing the impact on
educational Systems, content delivery, and student engagement. In International
Journal of Research Publication and Reviews Journal homepage: www.ijrpr.com (Issue
6). www.ijrpr.com

Cheng, Y. L., & Mix, K. S. (2014). Spatial training improves children’s mathematics ability.
Journal of Cognition and Development, 15(1), 2-11.
https://doi.org/10.1080/15248372.2012.725186

Chigeza, P., & Halbert, K. (2014). Navigating E-learning and blended learning for pre-
service teachers: Redesigning for engagement, access and efficiency. Australian
Journal of Teacher Education, 39(11), 133-146.
https:/ /doi.org/10.14221/ ajte.2014v39n11.8

Choudhary, V., Marchetti, A., Shrestha, Y. R., & Puranam, P. (2025). Human-Al ensembles:
when can they work? Journal of Management, 51(2), 536-569.
https:/ /doi.org/10.1177/01492063231194968

Clements, D. H., & Sarama, J. (2011). Early childhood teacher education: The case of
geometry. Journal of Mathematics Teacher Education, 14(2), 133-148.
https://doi.org/10.1007 /s10857-011-9173-0

http:/ /ijlter.org/index.php/ijlter



349

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences (2nd ed.). Lawrence
Erlbaum Associates.

Cragg, L., Keeble, S., Richardson, S., Roome, H. E., & Gilmore, C. (2017). Direct and
indirect influences of executive functions on mathematics achievement. Cognition,
162, 12-26. https:/ /doi.org/10.1016/j.cognition.2017.01.014

Crompton, H., & Ferguson, S. (2024). An analysis of the essential understandings in
elementary geometry and a comparison to the common core standards with
teaching implications. European Journal of Science and Mathematics Education, 12(2),
258-275. https:/ /doi.org/10.30935/scimath /14361

Davies, A., Veli¢kovi¢, P., Buesing, L., Blackwell, S., Zheng, D., Tomas$ev, N., Tanburn, R,,
Battaglia, P., Blundell, C., Juhasz, A., Lackenby, M., Williamson, G., Hassabis, D.,
& Kohli, P. (2021). Advancing mathematics by guiding human intuition with Al
Nature, 600(7887), 70-74. https:/ / doi.org/10.1038 /s41586-021-04086-x

Demetriou, A., Kazi, S., Makris, N., & Spanoudis, G. (2020). Cognitive ability, cognitive
self-awareness, and school performance: From childhood to adolescence.
Intelligence, 79, 101432. https:/ /doi.org/10.1016/j.intell.2020.101432

Donthu, N., Kumar, S., Mukherjee, D., Pandey, N., & Lim, W. M. (2021). How to conduct
a bibliometric analysis: An overview and guidelines. Journal of Business Research,
133, 285-296. https:/ /doi.org/10.1016/j.jbusres.2021.04.070

Dooren, W. Van. (2006). Performance Measurement in the Flemish Public Sector: A Supply and
Demand Approach [University of Antwerp].
https:/ /www .researchgate.net/publication/264031328

Douglas A. Grouws. (1992). Handbook of Research on Mathematics Teaching and Learning.
Macmillan Publishing Co., Inc. .

Duncan, G. J., Dowsett, C. J., Claessens, A., Magnuson, K., Huston, A. C., Klebanov, P.,
Pagani, L. S., Feinstein, L., Engel, M., Brooks-Gunn, J., Sexton, H., Duckworth, K.,
& Japel, C. (2007). School readiness and later achievement. Developmental
Psychology, 43(6), 1428-1446. https:/ /doi.org/10.1037 /0012-1649.43.6.1428

English, L., & Sriraman, B. (2010). Problem Solving for the 21st Century. In Theories of
Mathematics  Education  (pp. 263-290). Springer Berlin Heidelberg.
https:/ /doi.org/10.1007/978-3-642-00742-2_27

Erdogmus, C., Cakir, R., & Korkmaz, O. (2021). Students’ knowledge sharing behaviours
and sense of online learning community in online learning environments.
Participatory Educational Research, 9(3), 46-60.
https://doi.org/10.17275/ per.22.53.9.3

Fowler, S., Cutting, C., Kennedy, J. P., Leonard, S. N., Gabriel, F., & Jaeschke, W. (2022).
Technology enhanced learning environments and the potential for enhancing
spatial reasoning: A mixed methods study. Mathematics Education Research Journal,
34(4), 887-910. https:/ /doi.org/10.1007 / s13394-021-00368-9

Garfield, E., Leydesdorff, L., Wagner, C. S., Bornmann, L., & Wagner, C. (2017).
Betweenness and Diversity in  Journal Citation Networks as Measures of
Interdisciplinarity-A Tribute to Betweenness and Diversity in Journal Citation Networks
as Measures of Interdisciplinarity-A Tribute to Eugene Garfield-Scientometrics
(Memorial Issue, 2018). https:/ /www.researchgate.net/ publication/316842312

Gunderson, E. A., Ramirez, G,, Beilock, S. L., & Levine, S. C. (2012). The relation between
spatial skill and early number knowledge: The role of the linear number line.
Developmental Psychology, 48(5), 1229-1241. https:/ /doi.org/10.1037 /20027433

Hawes, Z. C. K, Gilligan-Lee, K. A., & Mix, K. S. (2022). Effects of spatial training on
mathematics performance: A meta-analysis. Developmental Psychology, 58(1), 112-
137. https:/ /doi.org/10.1037 /dev0001281

http:/ /ijlter.org/index.php/ijlter



350

Huang, L. H., & Zhu, H. L. (2021). Digital transformation and management of enterprises:
research framework and prospects. Journal of Management Science, 24, 26-35.

Ibafiez, M.-B., & Delgado-Kloos, C. (2018). Augmented reality for STEM learning: A
systematic review. Computers & Education, 123, 109-123.
https:/ /doi.org/10.1016/j.compedu.2018.05.002

IEA. (2020). World Energy Outlook 2020. www .iea.org/weo

Ismail, S. A. S., Maat, S. M., & Khalid, F. (2024). 35 years of fraction learning: Integrating
systematic review and bibliometric analysis on a global scale. Eurasia Journal of
Mathematics, Science and Technology Education, 20(12), 1-19.
https://doi.org/10.29333/ ejmste/ 15657

Ismail, S. A. S, Maat, S. M., & Khalid, F. (2025). From numbers to nerves: A score year of
scientometric study on mathematics anxiety. Acta Psychologica, 260, 1-17.
https://doi.org/10.1016 /j.actpsy.2025.105621

Jablonski, S., & Ludwig, M. (2023). Teaching and learning of geometry —A literature
review on current developments in theory and practice. Education Sciences, 13(7).
https:/ /doi.org/10.3390/educscil3070682

Jian, M. J. K. O. (2023). Personalized learning through Al. Advances in Engineering
Innovation, 5(1), 16-19. https:/ / doi.org/10.54254/2977-3903 /5/2023039

Jones, K. (2012). Geometrical and spatial reasoning: Challenges for research in
mathematics education. XXIII Semindrio de Investigacio Em Educacdo Matemitica,
3-10. https:/ / www .researchgate.net/publication/348650705

Kalyani, L. K. (2024). The role of technology in education: Enhancing learning outcomes
and 21st century skills. International Journal of Scientific Research in Modern Science
and Technology, 3(4), 05-10. https:/ /doi.org/10.59828 /ijsrmst.v3i4.199

Khalil, I. A., Zahrani, A. A. L., Awaji, B, & Mohsen, M. (2024). Mapping the future of
innovation: A bibliometric analysis of STEM education trends in K-12.
International Journal of Learning, Teaching and Educational Research, 23(8), 76-97.
https:/ /doi.org/10.26803/ijlter.23.8.5

Knoll, J., & Matthes, J. (2017). The effectiveness of celebrity endorsements: A meta-
analysis. Journal of the Academy of Marketing Science, 45(1), 55-75.
https:/ /doi.org/10.1007/s11747-016-0503-8

Lai, ]. W. M., & Bower, M. (2020). Evaluation of technology use in education: Findings
from a critical analysis of systematic literature reviews. Journal of Computer
Assisted Learning, 36(3), 241-259. https:/ /doi.org/10.1111/jcal. 12412

Levine, S. C., Huttenlocher, ., Taylor, A., & Langrock, A. (1999). Early sex differences in
spatial skill. Developmental Psychology, 35(4), 940-949.
https:/ /doi.org/10.1037/0012-1649.35.4.940

Lim, W. M., Kumar, S., & Donthu, N. (2024). How to combine and clean bibliometric data
and use bibliometric tools synergistically: Guidelines using metaverse research.
Journal of Business Research, 182. https:/ /doi.org/10.1016/j.jbusres.2024.114760

Linn, M. C,, & Petersen, A. C. (1985). Emergence and characterization of sex differences in
spatial ability: A meta-analysis. Child Development, 56(6), 1479-1498.
https://doi.org/10.1111/j.1467-8624.1985.tb00213.x

Liu, W., Affas, H.,, & Osmond, D. (2025). A Study on the investigation of students’
reasoning skills in secondary geometry proofing. International Journal of Social
Science and Human Research, 08(03), 1515-1523.
https://doi.org/10.47191/ijsshr/v8-i3-24

Lowrie, T., & Logan, T. (2023). Spatial visualization supports students’ math: Mechanisms
for spatial transfer. Journal of  Intelligence, 11(6), 1-21.
https:/ /doi.org/10.3390/jintelligence11060127

http:/ /ijlter.org/index.php/ijlter



351

Mayantao, R., & Tantiado, R. C. (2024). Teachers’ utilization of digital Tools and
confidence in technology. International Journal of Multidisciplinary Research and
Analysis, 07(05), 1945-1952. https:/ /doi.org/10.47191/ijmra/v7-i05-16

Migliavaca, C. B., Stein, C., Colpani, V., Munn, Z., & Falavigna, M. (2020). Quality
assessment of prevalence studies: A systematic review. Journal of Clinical
Epidemiology, 127, 59-68. https:/ /doi.org/10.1016/j.jclinepi.2020.06.039

Mix, K. S., & Cheng, Y.-L. (2012). The Relation Between Space and Math: Developmental
and Educational Implications. In Janette B. Benson (Ed.), Advances in Child
Development and Behavior (Vol. 42, pp. 197-243). https://doi.org/10.1016/B978-0-
12-394388-0.00006-X

Mix, K. S, Levine, S. C.,, Cheng, Y.-L., Young, C., Hambrick, D. Z., Ping, R, &
Konstantopoulos, S. (2016). Separate but correlated: The latent structure of space

and mathematics across development. Journal of Experimental Psychology: General,
145(9), 1206-1227. https:/ /doi.org/10.1037 / xge0000182

Mora, C., Rollins, R. L., Taladay, K., Kantar, M. B., Chock, M. K., Shimada, M., & Franklin,
E. C. (2019). Matters arising. Nature Climate Change, 9(9), 658-659.
https://doi.org/10.1038 /s41558-019-0538-1

Munn, Z., Pollock, D., Khalil, H., Alexander, L., McLnerney, P., Godfrey, C. M., Peters, M.,
& Tricco, A. C. (2022). What are scoping reviews? Providing a formal definition
of scoping reviews as a type of evidence synthesis. JBI Evidence Synthesis, 20(4),
950-952. https:/ /doi.org/10.11124 /JBIES-21-00483

Muzaini, M. C. (2023). Implementation of blended learning model through wordwall
application in improving critical thinking of islamic elementary school students.
Jurnal ~ llmiah  Pendidikan  Guru  Madrasah  Ibtidaiyah, 13(2), 146-158.
https://doi.org/10.18952/aladzkapgmi.v13i2.10880

Nayak, S. S., Amini-Salehi, E., Ulrich, M. T., Sahli, Y., Fleischman, M., Patel, M., Naeiji, M.,
Maghsoodifar, H., Sadeghi Douki, S. A. H., Alotaibi, A., Faraji, N., Hassanipour,
S., Hashemi, M., & Keivanlou, M.-H. (2025). Exploring the evolution of evidence
synthesis: A bibliometric analysis of umbrella reviews in medicine. Annals of
Medicine & Surgery, 87(4), 2035-2048.
https:/ /doi.org/10.1097/MS9.0000000000003034

NCTM. (2000). Executive Summary Principles and Standards for School Mathematics Overview.

Ndlovu, M., & Mji, A. (2012). Pedagogical implications of students” misconceptions about
deductive geometric proof. Acta Academica: Critical Views on Society, Culture and
Politics, 44(3), 175-205. https:/ /doi.org/10.38140/ aa.v44i3.1364

Newcombe, N. S., & Frick, A. (2010). Early education for spatial intelligence: Why, what,
and how. Mind, Brain, and Education, 4(3), 102-111.
https:/ /doi.org/10.1111/j.1751-228X.2010.01089.x

OECD. (2019). Education at a glance 2019 : OECD indicators. OECD Publishing.

Perianes-Rodriguez, A., Waltman, L., & van Eck, N. J. (2016). Constructing bibliometric
networks: A comparison between full and fractional counting. Journal of
Informetrics, 10(4), 1178-1195. https:/ /doi.org/10.1016/.j0i.2016.10.006

Rivella, C.,, Bombonato, C., Pecini, C., Frascari, A., & Viterbori, P. (2024). Improving
executive functions at school. Integrating metacognitive exercise in class and
computerized training at home to ensure training intensity and generalization. A
feasibility pilot study. British Journal of Educational Technology, 55(6), 2719-2739.
https:/ /doi.org/10.1111/bjet.13470

Sam, R. (2024). Systematic review of inquiry-based learning: Assessing impact and best
practices in education. F1000Research, 13, 1045-1057.
https://doi.org/10.12688/£1000research.155367.1

http:/ /ijlter.org/index.php/ijlter



352

Sengodan, V., Maat, S. M., & Mahmud, M. S. (2025). A bibliometric and systematic analysis
of mathematics interest (2021-2025). Educational Process International Journal, 17(1),
1-17. https:/ /doi.org/10.22521 / edupij.2025.17.389

Serin, H. (2018). A comparison of teacher-centered and student-centered approaches in
educational settings. International Journal of Social Sciences & Educational Studies,
5(1), 164-167. https:/ /doi.org/10.23918 /ijsses.v5ilp164

Shafiee, M. S., & Meng, C. C. (2023). Impact of concrete-pictorial-abstract approach with
collaborative lesson research on year four pupils’ proficiency in volume. Asia
Pacific ~ Journal ~ of  Educators  and  Education,  38(1), 119-141.
https:/ /doi.org/10.21315/ apjee2023.38.1.7

Shepard, R. N., & Metzler, J. (1971). Mental rotation of three-dimensional objects. Science,
171(3972), 701-703. https:/ /doi.org/10.1126/science.171.3972.701

Shulman, L. S. (2019). Those who understand: Knowledge growth in teaching. Profesorado,
23(3), 269-295. https:/ /doi.org/10.30827/ profesorado.v23i3.11230

Sinclair, R. R., Allen, T., Barber, L., Bergman, M., Britt, T., Butler, A., Ford, M., Hammer,
L., Kath, L., Probst, T., & Yuan, Z. (2020). Occupational health science in the time
of COVID-19: Now more than ever. Occupational Health Science, 4(1-2), 1-22.
https:/ /doi.org/10.1007 /s41542-020-00064-3

Surbakti, R., Umboh, S. E., Pong, M., & Dara, S. (2024). Cognitive load theory: Implications
for instructional design in digital classrooms. International Journal of Educational
Narratives, 2(6), 483-493. https:/ /doi.org/10.70177 /ijen.v2i6.1659

Takayama, K. (2017). Imagining East Asian education otherwise: Neither caricature, nor
scandalization. ~ Asia  Pacific =~ Journal ~of Education, 37(2), 262-274.
https://doi.org/10.1080/02188791.2017.1310697

Talan, G., & Sharma, G. D. (2019). Doing well by doing good: A systematic review and
research agenda for sustainable investment. Sustainability (Switzerland), 11(2), 1-
16. https:/ /doi.org/10.3390/s5u11020353

Tranfield, D., Denyer, D., & Smart, P. (2003). Towards a methodology for developing
evidence-informed management knowledge by means of systematic review.
British Journal of Management, 14(3), 207-222.

Uttal, D. H., & Cohen, C. A. (2012). Spatial Thinking and STEM Education. When, Why,
and How? Psychology of Learning and Motivation - Advances in Research and Theory,
57,147-181. https:/ /doi.org/10.1016/B978-0-12-394293-7.00004-2

Uttal, D. H.,, Meadow, N. G., Tipton, E.,, Hand, L. L., Alden, A. R, Warren, C, &
Newcombe, N. S. (2013). The malleability of spatial skills: A meta-analysis of
training studies. Psychological Bulletin, 139(2), 352-402.
https:/ /doi.org/10.1037 /20028446

Van den Heuvel-Panhuizen, M., & Elia, I. (2012). Developing a framework for the
evaluation of picturebooks that support kindergartners” learning of mathematics.
Research in Mathematics Education, 14(1), 17-47.
https://doi.org/10.1080/14794802.2012.657437

Van Eck, N. ], & Waltman, L. (2010). Software survey: VOSviewer, a computer program
for bibliometric mapping. Scientometrics, 84(2), 523-538.
https://doi.org/10.1007 /511192-009-0146-3

Van Hiele, P. M. (1986). Structure and Insight. A Theory of Mathematics Education. Academic
Press.

Van Hiele, P. M. (1999). Developing geometric thinking through activities that begin with
play. Teaching Children Mathematics, 5(6), 310-316.
https://doi.org/10.5951/TCM.5.6.0310

http:/ /ijlter.org/index.php/ijlter



353

Vandenberg, S. G., & Kuse, A. R. (1978). Mental rotations, a group test of three-
dimensional spatial visualization. Perceptual and Motor Skills, 47(2), 599-604.
https://doi.org/10.2466 /pms.1978.47.2.599

Verdine, B. N., Golinkoff, R. M., Hirsh-Pasek, K., & Newcombe, N. S. (2017). L. spatial
skills, their development, and their links to mathematics. Monographs of the Society
for Research in Child Development, 82(1), 7-30.
https://doi.org/10.1111/mono.12280

Verdine, B. N., Golinkoff, R. M., Hirsh-Pasek, K., Newcombe, N. S,, Filipowicz, A. T., &
Chang, A. (2014). Deconstructing building blocks: preschoolers’ spatial assembly
performance relates to early mathematical skills. Child Development, 85(3), 1062~
1076. https:/ /doi.org/10.1111/cdev.12165

Vygotsky, L. S. (1980). Mind in Society (M. Cole, V. Jolm-Steiner, S. Scribner, & E.
Souberman, Eds.). Harvard University Press.

Wai, ., Lubinski, D., & Benbow, C. P. (2009). Spatial Ability for STEM Domains: Aligning
Over 50 Years of Cumulative Psychological Knowledge Solidifies Its Importance.
Journal of Educational Psychology, 101(4), 817-835.
https://doi.org/10.1037/a0016127

Zhang, J.,, & Chen, Z. (2023). Exploring human resource management digital
transformation in the digital age. Journal of the Knowledge Economy, 15, 1482-1498.

Zupic, I, & Cater, T. (2015). Bibliometric methods in management and organization.
Organizational Research Methods, 18(3), 429-472.
https:/ /doi.org/10.1177/1094428114562629

http:/ /ijlter.org/index.php/ijlter



