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(Thom and McGarvey 2015; Kostopolous, Cordy and 
Langemeyer 2015), 2D and 3D mental rotation (Bruce and 
Hawes 2015), definition (Bartolini-Bussi and Baccaglini-
Frank 2015), imaginary perspective taking (van den Heu-
vel-Panhuizen, Elia, and Robitzsch 2015), understanding 
of and reasoning about properties of figures (Kaur 2015), 
spatial reasoning (Hallowell, Okamoto, Romo, and La Joy 
2015), and spatial and geometrical knowledge in problem 
solving (Soury-Lavergne and Maschietto 2015). Four of 
the papers not shown in Table 1 include two papers on Pro-
fessional Development/teacher education (Tsamir, Tirosh, 
Levenson, Barkai, and Tabach 2015; Moss, Hawes, Naqvi 
and Caswell 2015) and two other theoretical papers that 
includes one on geometry education (Sinclair and Bruce 
2015), and another on geometric reasoning (Mamolo, Rut-
tenberg-Rozen and Whiteley 2015). Some of the papers fall 
in overlapping categories as they deal with several aspects 
of geometry and spatial reasoning.

The research reported in the papers shown in Table 1 is 
mostly qualitative and four of them have used a teaching 
experiment. The children referred to in these studies are 
mostly between 4 and 8 years old, except for a few children 
about 10 years old reported in the study by Kostopolous 
et al. (2015, this issue). Just a note here that early childhood 
refers to a child’s life between birth and 8 years (Organisa-
tion for Economic Cooperation and Development [OECD], 
2001). In this paper besides the term early childhood, the 
term early years or simply children or young children will 
also be used.

Several issues are raised in the research reported in the 
papers shown in Table 1. I shall focus more specifically on 
the following: what should we teach in geometry and why; 
representation of geometrical ideas; the teaching and learn-
ing of geometry; and assessment of children’s learning in 
geometry.

Abstract The primary goal of this paper is to provide a 
commentary on the teaching and learning of geometry in 
the early years of schooling with the set of papers in this 
issue as a guiding factor. It is structured around issues 
about geometry education of young learners, such as: what 
should we teach in geometry and why; representation of 
geometrical ideas; the teaching and learning of geometry; 
and assessment of children’s learning in geometry. The 
author outlines his views based on the literature and the 
papers in this issue and concludes with an outlook on the 
future teaching and learning of geometry in schools.

Keywords Geometry · Spatial reasoning · Early 
childhood

1 Introduction

In what follows, I shall focus on the content of the papers 
that make up this issue of the journal and try to address 
some issues pertaining to teaching and learning of geom-
etry in the early years of schooling. There are nine papers 
based on empirical research from both sides of the Atlan-
tic that involve young children. These nine papers cover 
various aspects of geometry and/or spatial reasoning (see 
Table 1): symmetry (Ng and Sinclair 2015), drawings 
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2  Geometry and spatial reasoning

A wide range of topics are explored in the papers high-
lighted in Table 1. Amongst others the topics include: 
symmetry, drawings, dimensional construction and decon-
struction, use of definitions, spatial reasoning, and problem 
solving. Early years’ geometry is part of the larger topic of 
geometry in mathematics taught at upper levels. The issue 
about geometry in the early years is highlighted by Sin-
clair and Bruce (2015, this issue) who claim that one of the  
challenges that mathematics education researchers are facing  
is to articulate the important educational question of what 
should be taught and why.

2.1  What should be taught in geometry?

There is no argument against the fact that spatial reasoning 
is important for young children, however, it is important 
to select what the young children can do and what we ask 
them to do in geometry. Moss et al. (2015, this issue) have 
proposed that rather than approaching geometry as a sub-
ject concerned mainly with labelling and classifying shapes 
that geometry be introduced to children in the early years 
as dynamic, spatial and imaginative.

Kaur (2015, this issue) has cautioned that although rea-
soning about shapes involves a dimensional deconstruction, 
for example from 2D to 1D, young children have very lit-
tle exposure to 1D objects (see also Duval, 2005). As such, 
young children need more experience working with lines, 
in particular, with the drawing of straight lines that they 
usually meet as sides or edges in different 2D or 3D fig-
ures. Hallowell et al. (2015, this issue) specifically looked 
at plane and solid shapes and their representations. From 
their research they conclude that “We expect that spend-
ing time developing children’s mereologic, optic, and place 
operations would increase children’s visualization abili-
ties when working with shape diagrams to develop spatial 
insights.” (p. 13)

Visualization was strongly emphasized in the Principles 
and Standards for School Mathematics document pub-
lished by the National Council of Teachers of Mathemat-
ics (NCTM) in 2000. The NCTM document mentioned 
that spatial visualization—building and manipulating men-
tal representations of two-and three-dimensional objects 
and perceiving an object from different perspectives—is 
an important aspect of geometric thinking. This aspect of 
visualization was an important component of the research 
by Van den Heuvel-Panhuizen et al. (2015, this issue), who 
researched an aspect of spatial reasoning through the idea 
of Imaginary Perspective Taking (IPT) with kindergart-
ners in the Netherlands and in Cyprus. Interestingly, their 
research showed that in both countries mathematics ability 

was significantly related to IPT performance; a strong rea-
son for focusing on developing visualization skills of 
young children.

School geometry is basically Euclidean in nature 
although at upper secondary levels in addition to the syn-
thetic approach, transformational, coordinate and vector 
approaches to the study of the subject are quite prominent. 
In the early years, we do not want children to focus only 
on trivial aspects such as only identifying plane figures and 
solids and categorising them. Battista (2007) has reiterated 
that underlying most geometric thinking is spatial reason-
ing. As such, spatial reasoning is pervasive in geometry and 
finding a distinct line between these two might be futile. 
The National Research Council ([NRC], 2006) report 
views spatial thinking as a basic and essential skill that 
can be learned and that can be formally taught to all stu-
dents using appropriately designed tools, technologies and 
curricula. Several of the papers in this issue have focused 
on some aspect of spatial reasoning. For example, Bruce 
and Hawes (2015, this issue) describe their research with 
4–8 year-olds, on performing mental rotations, a type of 
spatial reasoning. The authors’ conclusion is that mental 
rotation abilities are malleable, and that with practice they 
can be improved, is quite significant. They even added that 
it is possible to accelerate the growth of young children’s 
mental rotation skills through a variety of teacher delivered 
lessons and activities. It is debatable whether acceleration 
is even necessary or not.

2.2  Why should we teach geometry and spatial 
reasoning?

One of the reasons we wish to teach geometry in the early 
years is to develop children’s geometric thinking, which 
can be considered as a form of mathematical thinking 
within the content domain of geometry. Geometric think-
ing is inherent in the types of skills we wish to nurture in 
young children. For example, Hoffer (1981) claimed that 
when studying geometry we aim to develop five important 
skills among learners: visual skills (recognition, obser-
vation of properties, interpreting maps, imaging), verbal 
skills (correct use of terminology and accurate commu-
nication in describing spatial concepts and relationships), 
drawing skills (communicating through drawing, ability to 
represent geometric shapes in 2-D and 3-D, to make scale 
diagrams, sketch isometric figures), logical skills (classifi-
cation, recognition of essential properties as criteria, dis-
cerning patterns, formulating and testing hypothesis, mak-
ing inferences, using counter-examples), and applied skills 
(Real-life applications using geometric results learnt). 
Although this set of skills seems more appropriate for the 
secondary level, the development of these skills cannot 
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be delayed and as such it has to start in the early years of 
schooling.

Another reason for teaching geometry in the early years 
is that we wish to develop the children’s spatial thinking 
skills. It is important to focus on the development of spatial 
reasoning of young children as this is a predictor of later 
mathematics achievement. Although the National Research 
Council (2006) does not consider spatial thinking as a con-
tent-based discipline, the report highlights that thinking 
spatially entails knowing about the following three things: 
space, representation and reasoning; all three of which have 
strong links to geometry. Furthermore, the NRC report 
strongly points out that spatial thinking can be learned and 
it can and should be taught at all levels in the education 
system. A point raised by Soury-Lavergne and Maschietto 
(2015, this issue) who look at geometry as a model of space 
and as such consider it as being related to spatial knowl-
edge. Overall, the papers in this issue point to the fact that 
geometry and spatial reasoning are important aspects that 
should be included in the education of young children.

There are other strong reasons why geometry and spa-
tial reasoning should be included in the school curricula 
of young children. For example, the Principles and Stand-
ards for School Mathematics (NTCM, 2000) proposed that 
instructional programs from prekindergarten through grade 
12 should enable all students to

•	 analyze characteristics and properties of two- and three-
dimensional geometric shapes and develop mathemati-
cal arguments about geometric relationships;

•	 specify locations and describe spatial relationships 
using coordinate geometry and other representational 
systems;

•	 apply transformations and use symmetry to analyze 
mathematical situations;

•	 use visualization, spatial reasoning, and geometric mod-
eling to solve problems.

The above list, which is overarching for the whole range 
of schooling from pre-K to 12, is not specific enough for 
the children in the early years. It is difficult to encompass 
the objectives for teaching geometry to various groups of 
learners from primary to secondary in the same set. Some 
geometrical concepts related to measurement are not 
highlighted in the above list as the NTCM (2000) docu-
ment treats measurement as a separate content strand. On 
the other hand, Usiskin (1987) claimed that there are four 
aspects of geometry: (1) visualization, drawing, and con-
struction of figures; (2) study of the spatial aspects of the 
physical world; (3) use as a vehicle for representing non-
visual mathematical concepts and relationships; and (4) 
representation as a formal mathematical system. Except for 

the last aspect, the other three aspects mentioned by Usis-
kin are certainly important in the early years.

3  Representation of geometrical ideas

The papers highlighted in Table 1 use representations either 
in paper-and-pencil environments or in computer environ-
ments or in both quite extensively. It is not possible to teach 
geometry without using any figures. We can only study 
geometrical objects through their semiotic representations 
(Duval, 1999). Duval also added that in geometry we use 
language, symbols or figures which he respectively cat-
egorised as the register of natural language, the register of 
symbolic language and figurative register. Why are figures 
so important in geometry? Perhaps, the single most impor-
tant reason for using figures in geometry is that a figure 
demonstrates several connections and relationships at the 
same time which would otherwise be difficult to bring forth 
through normal discourse.

A geometrical figure is nothing but a representation of 
some abstract concept like a triangle. Young children have 
difficulties making connections between different repre-
sentations of the same geometrical concept. Worse, chil-
dren sometimes adhere to some prototypical representa-
tions, what Vinner and Hershkowitz (1980) have referred 
to as concept images. Children use prototypes to categorise 
shapes (see Hershkowitz, 1989). This may be due, at least 
partly, to the geometrical experiences that children have in 
their lessons or what they glean from standard textbooks. 
Kaur (2015, this issue) who explored the idea of prototypi-
cality in her study, concludes that static media may prompt 
a particular kind of drawing that limits what children may 
produce but on the other hand technology can offer more 
affordances. In addition, Tsamir et al. (2015, this issue) 
point out that ideal examples (prototypes) are acquired first 
and it is often the non-critical attributes (e.g. size or ori-
entation) which contribute to the makings of prototypical 
examples. Moreover, children may hold different concept 
images for the same concept definitions. For young chil-
dren, the use of several positive and negative examples 
may help them to get a firmer grasp of a geometrical con-
cept. The advent of technology now provides very excel-
lent opportunities to teachers to present geometry in a more 
dynamic manner than previously possible.

Besides the term figure, we commonly use the terms 
drawing and diagram in geometry. The term drawing which 
is quite often used synonymously to mean ‘figure’ appears 
prominently in the paper by Thom and McGarvey (2015, this 
issue). The authors, who see drawings as internal or external 
imitation of objects, highlight that drawings, as forms of geo-
metric thinking, must simultaneously be a matter of making 
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sense in our world as well as making sense of our world. On 
the other hand, the term diagram is used differently by some 
authors. For example, Diezmann and English (2001) claimed 
that diagrams are structural representations and differ from 
pictures and drawings by their lack of surface details.

Concepts in mathematics are abstract and geometrical 
concepts are no exception. The figures that we draw in 
geometry are mere representations of geometrical objects 
and not the actual objects. This issue is also highlighted 
by Mesquita (1998) who claimed that we always represent 
a concrete object, even if we are interested in the abstract 
one. For example, when a triangle is drawn, the figure can 
represent either an abstract geometrical object or a particu-
lar concrete example. Thus, figures used alone do not ena-
ble one child to distinguish between the two cases which is 
a major problem for beginners learning geometry. Children 
have a problem differentiating between the particular and 
the abstract. Other researchers have also commented on the 
idea of figures, for example, Herskowitz, Parzysz and Van 
Dormolen (1996, p. 164) have shared that:

“The word ‘figure’ itself is ambiguous, because it can 
refer either to a geometrical object or to a graphical 
representation of such an object. This ambiguity is 
a well known source of difficulty for younger stu-
dents because they do not understand that the objects 
referred to by their teacher are not the drawings (dia-
grams) which they can see in their textbooks, or on 
blackboard, or that they realize themselves.”

At a time when young children are struggling with the 
representation of geometrical concepts, some caution need 
to be exercised in the content presented to them. Lowrie 
(2002a) who was working with 6-year-olds in a computer 
environment concluded that:

At this point in their physical and cognitive devel-
opment they [children] cannot appreciate that 3D 
objects need to be represented in a particular 2D form 
in order to look 3D in nature. Moreover, these stu-
dents’ understanding of diminishing line and depth 
perception have not been sufficiently developed to 
interpret depth cues. (p. 446).

4  The teaching and learning of geometry  
in the early years

Children are naturally gifted to learn new things but their 
learning is quite different from that of adults and so chil-
dren differ from adults not only in the amount of knowledge 
that they possess but also in the quality of that knowledge. 
The papers in this issue describe the use of various kinds 
of objects used in teaching children geometry and spatial 

reasoning, which can be broadly categorized as coming 
from computer environments or from non-computer envi-
ronments. Using De Moor (2005) classification of the three 
aspects of geometry: orienting, constructing and operat-
ing with shapes and figures, several types of resources for 
teaching geometry and spatial reasoning come to the fore.

4.1  Resources from non‑computer environments

First, for spatial orientation concepts and relationships 
children should not be always within the four walls of the 
classroom. They need to have experiences both inside and 
outside of the classroom. Children should be given oppor-
tunities to progressively read, make and use simple ground 
plans. For example, Thom and McGarvey (2015, this 
issue) report how children went out in the schoolyard to 
create their drawings. They conclude that when drawings 
are pulled from the very contexts in which they arise—the 
gestures, verbalisations, actions, transactions, and so on—
then multiple threads of meaning are severed. In other situ-
ations as well, children need to see objects from different 
positions, what De Moor (2005) terms “taking a point of 
view”. Van den Heuvel-Panhuizen et al. (2015, this issue) 
who explored “taking a point of view” using the idea of 
Imaginary Perspective Taking (IPT) with kindergartners 
used static pictures of objects from different perspectives. 
Whether static pictures are used or whether the children 
need to have personal experience in the environment, 
points to the fact that experiences for young children within 
the classroom only are not enough.

Second, for constructing, children should be given expe-
rience with: free construction materials (clay, plasticine, 
ropes, boxes), geometric construction materials (lego, pat-
tern blocks, meccano, tangrams), constructing with paper 
(paper-folding, paper cut-outs), constructing on paper 
(drawings of shapes, patterns). (See Thom and McGarvey 
2015, in this issue)

Third, for operating with shapes and figures, children 
should be given the opportunity to move models of geo-
metrical objects and notice what happens during geometric 
transformations like sliding, reflecting and rotating. This is 
highlighted in the research by Bruce and Hawes (2015, this 
issue) which focuses on the mental rotation of 2D and 3D 
objects in which they hypothesise that improvement in the 
spatial thinking of students can have a “two-for-one” effect 
where improvements in spatial reasoning may also be seen 
as improvement in overall mathematics.

4.2  Resources from computer environments

Children are nowadays exposed to a large number of tech-
nological devices such as iPads, smart phones, computers 
and many types of electronic games and other software 
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which are meant for both entertainment and information. 
These digital natives have developed subtle ways of deal-
ing with geometrical concepts and spatial reasoning at 
large. It seems normal to use technology in teaching young 
children. Several of the papers in this issue have reported 
the use of technology. For example, Ng and Sinclair (2015, 
this issue) used the Sketchpad in their research on symme-
try. Kostopolous, Cordy and Langemeyer (2015, this issue) 
report the use of iPads in their research whereas Kaur 
reports the use of interactive whiteboards. Bartolini-Bussi 
and Baccaglini-Frank (2015, this issue) used the Bee-bot 
a small programmable robot. On the other hand Soury-
Lavergne and Maschietto (2015, this issue) used the Cabri-
Elem which is a dynamic geometry software.

Clements, Nastasi and Swaminathan (1993) very aptly 
pointed out that technology used thoughtfully and crea-
tively rather than as a teaching machine, can engender 
and support educational environments that will empower 
children to flourish and they also added that there are high 
levels of spoken communication and cooperation as young 
children interact at the computer. While technology is 
extremely important in teaching young children, Lowrie 
(2002b) cautioned about the use of computers:

…it may be more worthwhile to encourage young 
children to develop important foundation understand-
ings away from computer-based environments or 
provide learning experiences on the computer that 
challenge children to consider links between 3D, sim-
ulated 3D and 2D worlds. (p. 445)

The significant use of technology in teaching certainly 
brings to the fore issues about equity for various groups 
of young learners. However, technology now offers affor-
dances hitherto not possible by traditional means. Unless 
activities involving technology for children are planned 
with extreme care, chances are that irrelevant cues can 
become the focus of the children’s attention rather than the 
intended mathematics to be learned. Teachers need some 
kind of confidence in geometry, in the pedagogy and cer-
tainly working with the technology, what has been termed 

Technological Pedagogical Content Knowledge (TPACK) 
by Koehler and Mishra (2009).

4.3  Teaching of geometry and PD of teachers

The papers by Moss et al. and Tsamir et al. in this issue 
(see Table 2) looked at the professional development of 
teachers. Teaching geometry at the early childhood level 
requires that teachers are confident about the content that 
they have to teach at this level. This point was raised by 
Perry and Dockett (2002) who claimed that many early 
childhood teachers do not have a strong mathematics back-
ground and they added that: “At this time when children’s 
mathematical potential is great, it is imperative that early 
childhood teachers have the competence and confidence 
to engage meaningfully with both the children and their 
mathematics… (p. 107)”. The child should be working in 
collaboration with other children and the teacher and as 
such, instruction should take a wide variety of approaches 
that, amongst others, includes play. Moss et al. (2015, this 
issue) have strongly pointed out that a major barrier to the 
implementation of a strong early years mathematics pro-
gramme lies in the inadequate preparation of early years 
educators.

More specifically about geometry and spatial reason-
ing, Ginsberg et al. (2006) have reiterated the lack of 
teacher preparation, lack of content knowledge and lack 
of interest. Perhaps a good approach to enhance early 
childhood teachers’ professional knowledge is to adapt 
and use the Japanese Lesson Study which is described by 
Moss et al. (2015, this issue). The good thing about this 
model of professional development is that teachers work 
in teams rather than individually to plan, research and 
implement a lesson thereby learning through the process. 
It is obvious that teachers should have a good understand-
ing of the geometry they teach. The paper by Tsamir et al. 
(2015, this issue) focuses on the concept images and con-
cept definitions of early childhood teachers from Israel. 
Their research demonstrates that some teachers had dif-
ficulties with the definitions of some figures and could 

Table 2  Research papers on teachers’ professional development

References Context and participants Study

Tsamir, Tirosh, Leven-
son, Barkai, and Tabach 
(2015)

Israel
Teachers with a first degree in education 

who were teaching 4- to 6-year olds

In-service early-years teachers’ concept images and concept defini-
tions for triangle, circles and cylinders

Moss, Hawes, Naqvi, and 
Caswell (2015)

Canada
Kindergarten and first grade teachers 

(4 + 1), a principal and two other officers. 
Caucasian female teachers with a B.Ed. 
degree

Professional learning team using an adaptation of the Japanese 
Lesson Study that involved teachers engaging in mathematics, 
conducting task-based clinical interviews, designing and carrying 
out exploratory lessons with researchers and creating resources for 
other educators

Working with ELL children from Syria and Iraq
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not even identify some examples and non-examples. This 
deficit in teachers’ knowledge may not be only true only 
in Israel but elsewhere as well. When teachers are not 
confident about their own geometrical knowledge then 
this can have a long-lasting negative impact on children’s 
learning.

As such, teaching geometry is more complex and often 
less successful than teaching numerical operations or 
elementary algebra (Duval, 1998). Regarding early child-
hood perspectives on teaching geometry, Fuys and Liebov 
(1993) claimed that one guiding principle should be that 
instruction should involve the “whole child” and his or 
her cognitive, affective, social, and physical needs and 
characteristics. To this effect the authors highlighted three 
principles:

•	 The goals for teaching geometry should enhance chil-
dren’s knowledge, skills, dispositions and feelings.

•	 Instruction should be based on how children learn, 
namely: by doing, reflecting on their actions, sharing 
their ideas with classmates and the teacher.

•	 Instruction should feature a variety of methods (play, 
learning center, projects, direct teaching) (p. 215)

Teaching of geometry cannot be only about enhancing 
a child’s knowledge and skills but should also focus on the 
child’s dispositions and feelings.

4.4  Theories about children’s learning of geometry

The paper by Mamolo et al. (2015, this issue) proposes a 
theory about restructuring mathematical tasks with a net-
work of spatial visual representations that support geomet-
ric reasoning for different groups of learners. Theories in 
any field have an important role in explaining phenomena 
whether they have been developed within or outside that 
field. These theories ultimately become the foundations for 
further research until some new theory, that provides new 
insights, is developed. For geometric thinking, two theories 
are often cited: the Topological Primary Thesis (TPT) by 
Piaget and the van Hiele levels.

4.4.1  Topological Primary Thesis

Piaget had worked with young children on tasks such as 
touching real objects and paper cut-outs, naming and draw-
ing the figures as well drawing shapes of shadows (see Fuys 
and Liebov, 1993). Piaget and Inhelder (1967) claimed that: 
(1) a child does not represent space by directly perceiving 
the environment but builds it up by prior manipulation of 
that environment; and (2) the progressive organization of 
geometric ideas follows a definite order, called the Topo-
logical Primacy Thesis (TPT). The TPT postulates that 

first, topological relations (inside, outside, connectedness, 
and continuity) are constructed then projective relations 
(rectilinearity) are constructed, and finally Euclidean rela-
tions (angularity, parallelism, and distance) are constructed. 
One of the main criticisms of the TPT is that every figure 
possesses both Euclidean and topological characteristics 
whereas Piaget and Inhelder’s experiments depended on a 
mutually exclusive classification of figures into these two 
categories (see also Clements and Battista, 1992).

4.4.2  Van Hiele theory

The van Hiele model of geometrical thinking can be used to 
guide instruction as well as assess students’ abilities (Crow-
ley, 1987). This model with five levels was developed by 
the van Hieles (husband and wife) in the Netherlands in the 
1950s. Initially, the levels were numbered from 0 to 4 but 
later the numbering was changed to from 1 to 5, with level 
5 as the highest level. The levels from 1 to 5 are sequen-
tially: recognition, analysis, informal deduction, formal 
deduction, and rigour. Van Hiele (1986) acknowledged that 
the roots of the theory are found in Piaget’s work and he 
was also concerned about the difficulty in tracing the lev-
els of thinking in geometry. He claimed that the levels are 
not situated in the subject matter but in the thinking of man 
and as such the levels are not age-bound as in the Piagetian 
cognitive developmental theory.

Most of the children in grades K-4 will demonstrate 
geometric thinking at levels 1 or 2 (Fuys and Liebov, 
1993). For the teacher, this implies that the content has to 
be planned to suit the needs of the children for a given level 
and also how to help the children to move to the next level. 
The van Hiele levels although used widely are not free of 
controversy. However, it should be noted that the van Hiele 
levels were developed at a time when school geometry was 
primarily Euclidean.

Based on their research, Clements, Swaminathan, Han-
nibal and Sarama (1999) suggested the existence of a pre-
cognitive level before van Hiele level 1 and claimed that the 
van Hiele level 1 should be reconceptualised as syncretic 
(a synthesis of verbal declarative and imagistic knowledge, 
each interacting with the other). Some researchers have 
found that a student can possibly develop two consecutive 
levels of reasoning at the same time (see Guitiérrez, Jaime, 
and Fortuny, 1991) and others like Pandiscio and Orton 
(1998) claimed that the van Hiele theory lacked general-
ity. There have been attempts to link the van Hiele theory 
with the Structure of the Observed Learning Outocmes 
(SOLO) taxonomy and Skemp’s model of mathematical 
understanding (see Olive, 1991). On the other hand, Pan-
discio and Orton (1998) argued for a synthesis of van Hiele 
and Piaget’s perspectives. While there is agreement about 
some sort of hierarchical levels in geometric thinking, the 
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van Hiele theory may not on its own provide a complete 
picture. Other theories that can also encompass work with 
technology should be considered. Mamolo et al. (2015, this 
issue) have proposed a network of and for geometric rea-
soning. However, these authors do not make links to other 
models of geometric reasoning.

5  Assessment of children’s learning

Young children are at a very critical age struggling with the 
learning of language and at the same time with the learn-
ing of mathematical concepts. It is important for teachers 
to find out what exactly the children have learned and how 
these children can demonstrate that learning. The focus 
cannot be only on the products of learning but also on the 
processes. Furthermore, Fleer and Quiñones (2013) argue 
that children’s thinking should not be the only aspect that 
is assessed but that it is necessary to as well capture how 
the children are emotionally experiencing the assessment 
situation. Accordingly, the authors suggest that the teacher 
as the assessor has to work together with the child who is 
assessed in a dynamic assessment situation and thus these 
researchers position assessment as being in motion and 
mediated through interaction in social situations rather than 
being static in time.

Assessment of children’s learning is quite challenging. 
Some suggestions for improving assessment from Realis-
tic mathematics Education (see van den Heuvel-Panhuizen, 
1996, p. 27) seem fitting for assessing children’s work in 
geometry:

1. Help teachers observe learning processes so that they 
are aware when learning is taking place and when not.

2. In order to develop tests with a diagnostic purpose, use 
observation as a point of departure for test develop-
ment.

3. Conduct discussions with the children to find out more 
about what they know and understand.

4. Emphasise formative assessment that will help the 
teacher become more knowledgeable about the learn-
ing process.

None of the papers in this issue specifically addressed 
the idea of assessment although assessment of children’s 
learning was somehow present in the different studies. For 
example, the study by van den Heuvel-Panhuizen, Elia 
and Robitzsch (2015, this issue) assessed the Imaginary 
Perspective Taking (IPT) by using multiple choice items. 
Although, the authors argue that the response was above 
chance levels, it is not possible, in this case, to gauge indi-
vidual children’s learning which is most valuable to teach-
ers to improve their teaching.

Often, young children have uneven backgrounds as far 
as their learning prior to formal schooling is concerned. 
Also, young children come with unequal linguistic skills 
and may as well be coming from families with disadvan-
taged backgrounds which limit the children’s access to 
certain types of resources. It will be difficult to smooth 
out all entry level differences among the young learners. 
However, for teachers to help young children individually, 
assessment should not only inform the teacher about the 
current learning of the children but also about their future 
learning; an idea termed potentive assessment by Fleer 
(2010).

6  Concluding remarks

In this paper, I set out to explore some of the issues sur-
rounding the teaching and learning of geometry in the early 
years of schooling. My discussion is structured around 
ideas gleaned from the literature and the papers in this 
issue. Some points raised include:

•	 Geometry and spatial reasoning remain important areas 
that should form part of any curriculum for early child-
hood.

•	 There should be a strong focus in school curricula on 
geometrical figures and their representations.

•	 Learning as well as teaching of geometry and spatial 
reasoning are quite complex. These complexities are 
compounded by the inadequate level of teaching train-
ing and professional development. It is important to 
pay close attention to existing theories about geometric 
thinking but also to be alert to find new ways of concep-
tualizing geometrical thought.

•	 Assessment of children’s learning must take place in an 
environment of trust with the young children and should 
not focus only on the products of learning.

Regarding the papers in this issue, we can note a wide 
coverage of topics on geometry and spatial reasoning. It 
should be noted that the researchers and the research con-
texts are mostly from North America or Europe and as such 
highlight content and pedagogies prevalent in these regions.

6.1  Moving forward

Beyond the content of the individual papers, the differ-
ent authors in this issue show a strong interest in devel-
oping the geometric thinking of young children. We need 
to carefully think and rethink the issues pertaining to 
the curriculum, learning, teaching, assessment, teacher 
preparation and research in general in the early years of 
schooling.
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•	 The curriculum for the early years of schooling should 
cover the essential concepts children will need to 
explore their surroundings as well as prepare them for 
the more advanced concepts they will meet in the later 
years of their schooling. We have to be careful in trying 
to include too much content that may have a negative 
effect on the young children’s motivation to learn more 
mathematics. What would constitute a good geometry 
curriculum for the early years of schooling has to be 
developmentally appropriate for the children. Perhaps 
the approach suggested by De Moor (2005) is worth 
considering.

•	 We now have a large amount of research about how 
young children learn in general. However, we still need 
to find out more about how children learn in specific 
content domains of mathematics such as geometry. The 
types of basic objects in spatial and geometrical thought 
(physical object, sensory object, perceptual object, con-
ceptual object, concept definition) proposed by Bat-
tista (2007) may be worth exploring further. Regard-
ing a framework for geometric thinking, the Van Hiele 
levels may not adequately capture children’s learning 
of geometry at this very young age and perhaps a new 
framework that is more comprehensive is needed.

•	 Teachers need to continually assess children’s learning; 
however assessments cannot be limited to paper and 
pencil tests only. The emphasis should be on forma-
tive assessment that will help teachers to gauge the 
children’s learning and plan learning activities that will 
further enhance the children’s learning. (see van den 
Heuvel-Panhuizen, 1996) The idea of potentive assess-
ment by Fleer (2010) is worth exploring for children’s 
learning of geometry.

•	 Attitudes towards learning in general and more specifi-
cally towards mathematics are formed very early in the 
life of a child; a reason why we should be very care-
ful about what we teach to young children and how 
we teach it. There is no doubt, early childhood teach-
ers should be not only be well-qualified but more spe-
cifically have a strong background in geometry and 
a strong interest generally in mathematics education. 
The challenge will be to select, prepare and retain good 
teachers who can confidently teach geometry.

The research reported in this issue touches a wide range 
of topics in geometry and spatial reasoning at the early 
childhood level. Sinclair and Bruce (2015, this issue) have 
provided a good summary of the research themes in this 
issue. Qualitative approaches are predominant in this sam-
ple of research from both sides of the Atlantic, with several 
of the studies carried out using some kind of technological 
tool. Battista (2007), referring generally about the develop-
ment of geometric and spatial thin king at various levels, 

points to some interesting areas to be considered for further 
research that is relevant for early childhood researchers. 
There is a need to:

•	 Understand children’s difficulties examine the effects 
and effectiveness of alternate instructional approaches.

•	 Focus on not only the cognitive factors but also socio-
cultural and affective factors in geometry learning.

•	 Investigate how technological enhancements affect chil-
dren’s learning.

•	 Carry out more comparison studies, both quantitative to 
investigate generality) and qualitative (to investigate dif-
ference in cognitive processes (pp. 903–904).

Geometry is an important branch of mathematics that is 
taught to children from the very early years and is promi-
nently present in school curricula all over the world. Chil-
dren have experiences with geometrical objects well before 
they enter school. As such, in schools we need to make the 
necessary connections to the real world of the content that 
the children learn in geometry. In addition, we should make 
the learning enjoyable for the children.
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