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The articles in this MERJ special issue collectively explore how spatial reasoning is
related to, and supports, mathematics learning. Spatial reasoning refers to a suite of
different skills that involve the mental manipulation of two-dimensional and three-
dimensional relations between and within objects. The relation between spatial reason-
ing and mathematics achievement across development is consistent, predictive, and
strengthens over time (Resnick et al. 2019). Fortunately, spatial reasoning can be
learned and improved with practice (Lowrie et al. 2018; Uttal et al. 2013), and
improvements in spatial reasoning are causally related to improvements in mathematics
understanding (Cheng & Mix 2014; Lowrie et al. 2017). However, these relations vary
by task (e.g., Mix et al. 2016), highlighting the need to consider how specific
connections are formed and extend to more general performance.

This special issue brings together international research across the fields of mathe-
matics education, development, and cognition, which serves to bridge and bring
exposure to frequently siloed findings. In doing so, we (the editorial team) were faced
with many challenges reconciling the fundamentally different methodologies, defini-
tions, and valued outcomes each field takes in their research practice. For example, we
needed to balance finding appropriate reviewers to ensure the accepted papers would
meet the methodological standards within and across the relevant fields of discipline,
while purposefully showcasing representative approaches that might complement or be
adopted by researchers from other fields. To this end, the articles within the special
issue have taken care to explicitly describe their techniques and define their constructs.
We have emerged with a collection of nine strong papers across four continents.
Contributions range from early career to experienced researchers; such is the breadth
and depth of research on this topic.

These papers can be conceptualized along two overarching themes: (1) theoretical/
conceptual links between spatial reasoning and mathematics skills and (2) practical
application of spatial reasoning learning in mathematics environments. The Lowrie
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et al. 2020 paper is positioned at the nexus of theory and practice, providing a reflection
of the field of spatial reasoning within mathematics. Drawing on the research presented
within this special issue, the authors suggest future directions build on the respective
strengths of mathematics education and psychology. A key aspect of their argument is
that spatial reasoning skills do not exist in a vacuum—rather, they are developed and
learned in context. Subsequently, spatial assessment, spatial learning programs, and
theoretical models would benefit from accounting for context. Mathematics education
provides a solid platform to contextualize and foster spatial reasoning.

Contributions to theory

When characterizing the theoretical connections between spatial reasoning and math-
ematics achievement, researchers can consider one or both constructs at a broad level
(e.g., general mathematics achievement) or at a more detailed level (e.g., a specific
mathematics task). Reinhold et al. 2020 examined the role of broad spatial reasoning
within a specific mathematics task—complex word problems. To note, like many
researchers, Reinhold used a measure of mental rotation (holistically imagining an
object rotate) to represent broad spatial reasoning. This is contrasted with Sorby and
Panther 2020, who differentiate between mental rotation and what is commonly
referred to as spatial visualization (imagining a series of transformations, such as
mentally folding sides to make a box). Sorby and Panther 2020 consider the correla-
tions between these two specific spatial reasoning skills with six specific math tasks, as
well as composite scores to assess the relation at a broader level.

Another emergent theme within theoretical considerations is the contextualiza-
tion of spatial reasoning within other cognitive skills (Reinhold et al. 2020),
content knowledge (Fujita et al. 2020), and cultural factors (Owens 2020; Sorby
& Panther 2020). Using a generalized linear mixed model, Reinhold et al. 2020
found that students use spatial ability, verbal ability, numerical ability, and general
reasoning in solving complex word problems. Despite a male advantage on spatial
and numerical ability, the relative unique contributions of the four cognitive skills
remain constant across genders. This finding highlights that complex mathematics
tasks will likely require coordination of many different cognitive skills (including
different spatial reasoning skills) and content knowledge. Indeed, Fujita et al.
2020 observed that domain-specific knowledge was required to coordinate spatial
reasoning skills and property-based spatial analytic reasoning. In this study, spatial
reasoning alone was not enough to solve geometric problems (that require rea-
soning about three-dimensional geometrical shapes represented in two dimen-
sions). Future research should aim to disentangle domain knowledge from
property-based spatial analytic reasoning and characterize how such coordination
takes place.

Owens 2020 considers the contextualized relation between spatial reasoning
and mathematics through a cultural, ethnomethodology lens. She draws on many
years of research in Papua New Guinea and other studies to describe how
Indigenous people embody place and shape in their everyday lives. Owens 2020
shows that the spatial reasoning skills displayed and utilized in most studies
provide evidence of understandings related to Western-based mathematics, and

I. Resnick et al.172



there may be types of spatial thinking that are not yet widely acknowledged.
Despite such cultural differences, Sorby and Panther 2020 find the relation
between spatial reasoning supporting mathematics achievement is maintained
across cultures. They note that countries with higher mathematics scores similarly
have higher scores on the “space and shape” subscale of The Programme for
International Student Assessment (PISA).

Practical applications

When considering the practical implications of how to use spatial learning to support
mathematics education, researchers may consider factors at the curriculum level (e.g.,
how can lessons be designed to support spatial reasoning with mathematics tasks),
educator level (e.g., how do educator’s spatial reasoning skills influence their teaching),
and student level (e.g., how do individual differences in student’s spatial reasoning
influence their understanding of mathematics tasks). Professional learning as a mech-
anism for fostering spatial reasoning opportunities in the classroom has emerged within
the special issue as a critical aspect of program design. The professional learning has
taken the form of explicit pedagogical (Patahuddin et al. 2020) or content (Mulligan
et al. 2020; Pollitt et al. 2020) instruction to support spatialized mathematics develop-
ment. Spatializing established curriculum aides in balancing the demands of an already
jampacked curriculum (contrasted with spatial training added as separate lessons) and
again emphasizes how spatial reasoning is naturally contextualized within content.
Pollitt et al. 2020 found many educators possessed misconceptions or were unaware of
spatial reasoning, highlighting the importance of professional learning approaches.

Findings from the Mulligan et al. 2020, Patahuddin e al. 2020, and Pollitt et al.
2020 suggest that it may require a lot of educator support to translate research
within the classroom. Educational materials (e.g., lesson plans, assessment activ-
ities) and continued support (e.g., researcher meetings) were provided across all
three studies. Despite extensive professional learning and detailed lesson plans,
Patahuddin et al. 2020 found that classroom-based implementation differed con-
siderably, and Pollitt et al. 2020 found many educators had difficulty
implementing the intervention as the semester progressed.

Seah and Horne 2020 and Fujita et al. 2020 both took a student-level approach,
characterizing how students used spatial reasoning to complete different geometric
mathematics tasks. In both studies, researchers coded student performance on mathe-
matics tasks for correctness as well as spontaneous engagement in spatial reasoning
(e.g., their explanation of how they solved the problem included reference to spatial
visualization). Correct responses in both studies were supported by spatial reasoning
and knowledge of the properties of three-dimensional objects. The authors offered
discussion on how this relation could be supported by mathematics education. Their
papers suggest the relations between spatial and geometric reasoning continues to be an
area of concern in mathematics teaching and learning and that further research needs to
consider how to better make those connections.

We hope that the papers within this special issue provide a path forward for applied,
integrated studies of spatial reasoning that retain mathematics integrity and experimen-
tal soundness with sufficient scale to provide generalizability and impact.
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