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Abstract

Early childhood mathematics education takes attention for decades. The effect of qualified mathematics
education during early years has an impact on children’s future academic success. Main purposes of the
study were twofold; to examine children’s current 3D geometry thinking skills and to investigate the
development of children’s 3D geometry thinking skills after a 3D training program developed by researchers,
and named as 3D in Early Childhood (3DinEC). The qualitative research design with convenience sampling
method were utilized. The participant children were three girls and four boys with the age range of 60
months to 72 months. The data were collected using a semi-structured interview form including six abilities
(Pittalis and Christou, 2010), and 15 items. In the analysis of the data, descriptive and content analysis
methods were used. Findings indicated that participant children had a limited understanding regarding 3D
geometric thinking. It was also found out that some of these thinking skills like identification of 3D geometric
shapes and recognition of these shapes’ properties, etc. could be enhanced through various activities.
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1. Introduction

The quality of early childhood mathematics education is a significant question and
takes global attention for decades. Early childhood experiences have an influence and
long term effects on children’s future learning and also on achievement in mathematics,
other subjects as well as in real life (Adelman, 2006; Duncan et al., 2007; Ginsburg et al.,
2008; Jordan, Kaplan, Ramineni, and Locuniak, 2009; Reyna, Nelson, Han, and
Dieckmann, 2009). Geometry as a mathematical content taught in early childhood
curriculum is significant for children to understand real world. However, geometry and
spatial thinking do not play an important role in the practice of early childhood
mathematics education (Rittle-Johnson, Zippert, and Boice, 2018; Sarama and Clements,
2009b; Davis and The Spatial Reasoning Study Group, 2015).

Geometry begins with play and playful activities like using mosaics, paper folding,
drawing, and pattern blocks can enrich visual structures of children and can enhance
their knowledge about shapes and their attributes (van Hiele, 1999). For instance, there
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are various studies how playing with blocks affects preschool children’s development of
understanding of geometry (Casey et al., 2008; Caldera et al., 1999; Ferrara et al., 2011;
Ramani et al.,, 2014). Besides, shapes are fundamental constructs in and beyond
geometry. And children’s understanding of shapes begins in early years. There are also
studies about how children perceived shapes (Aktas-Arnas and Aslan, 2004; Clements et
al., 2019; Clements et al., 1999; Hannibal and Clements, 2000; Satlow and Newcombe,
1998). Moreover, there is growing body of knowledge about spatial skills and the
significance of and relation with mathematics (Levine, Ratliff, Huttenlocher, and
Cannon, 2012; Newscombe, 2010; Verdine, Golinkoff, Hirsh-Pasek, and Newscombe,
2014; Uttal et al., 2013). Spatial skills connects math to physical world and these skills
links with early mathematics achievement.

Spatial abilities are seen as predictors of educational success. There are various
conceptions of spatial ability. Generally, it is defined as skills involving the retrieval,
retention and transformation of visual information in spatial context (Halpern, 2000).
There are specific factors that constitute spatial ability which are spatial orientation,
spatial location memory, targeting, spatial visualization, disembedding and spatial
perception (Kimura, 1999). Clements (1998), on the other hand, subdivided spatial ability
into two factors as spatial visualization and spatial orientation. Lohman’s (1988)
influential model, as considered in the present study, supported the existence of three
factors which were spatial visualization, spatial orientation, and spatial relations. First
of all, spatial orientation is about accurately estimating orientation changes, then,
spatial visualization is generally defined as ability to recognizing and quantifying the
orientation changes. Spatial visualization is named as mind’s eye and defined also as “a
specific type of spatial thinking that involves using our imagination to generate, retain,
retrieve, and transform well-structured visual images” (Lohman, 1996, p.98). Lastly,
spatial relation is about rotating a spatial object as a whole fast and correctly (Colom et
al., 2001).

There are difficulties concerned with visualization and imaginary (Dreyfus, 1991;
Love, 1995). These difficulties arise while constructing, re-presenting, and transforming.
Love (1995), for instance, mentioned that in geometry the relationship between mental
object and physical image is especially the difficult one. The role of visualization is also
stressed in geometrical thinking (Presmeg, 2006). Geometrical thinking includes
defining, understanding and classifying geometrical shapes, understanding the
relationship between geometrical shapes, reasoning, making proof, visualization and
drawing. According to National Council of Teachers of Mathematics (NCTM, 2000), 3D
geometrical abilities are constructing nets, representing 3D solids by 2D figures,
identifying solids and their elements, structuring arrays of cubes, calculating surface
area and volume of solids, and comparing the attributes of solids. These abilities
mentioned in NCTM as well as abilities considered by Pittalis and Christou’s (2010) 3D
geometry thinking test were taken into account in the present study. In the present
study, we examined spatial abilities specifically abilities that are closely related with 3D
geometry. Main purposes of this study are twofold: (1) to examine children’s current 3D
geometry thinking skills; and (2) to investigate the development of children’s 3D
geometry thinking skills after a 3D training program developed by researchers and
named as 3D in Early Childhood (3DinEC).
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1.1. Theoretical Background

1.1.2. 3D geometric thinking and spatial abilities

Geometrical thinking provides an environment for defining, understanding and
classifying geometric objects, understanding geometric relations, developing new
arguments, reasoning, making proofs, visualizing, and drawing geometrical shapes and
objects (NCTM, 2000). Van Hiele’s geometric thinking levels are age independent and
hierarchical. Therefore, a child in a certain age can understand and think better than a
child who is older than himself. As well, van Hiele (1999) emphasized that geometry that
will be taught to children should be appropriate to children’s geometrical thinking level,
clearly, appropriate to children’s readiness as also mentioned by Piaget. Van Hiele also
suggested considering appropriate geometrical experiences.

Actually, we live in a three dimensional world but there are two representations used
for 2D and 3D geometrical objects; drawing and model (Parzysz, 1988). 2D objects’
representations are generally done with drawings while 3D objects’ representations are
done both with models and drawings. In lower grades some teachers prefer using
concrete models like sticks for representing 2D shapes. However, this could cause
problems like not being able to visualize the properties of shapes. Otherwise, 3D objects’
representations are generally done with models. Drawing for 2D shapes and models for
3D objects are named as close representations, and they give more information about
themselves. However, distant representations like models for 2D shapes and drawings for
3D objects are also significant for children to use their cognitive abilities. There are now
three representations used for 3D geometrical objects; models, animations on pcs, and
drawings (Gutierrez, 1992). These representations are significant for various reasons and
their usage had both advantages and disadvantages.

Including 3D geometry in the mathematics curriculum provides opportunities for
students to develop spatial awareness, intuition in geometry, visualization, knowledge,
understanding, usage of geometrical properties and theorems (Jones, 2002). Duval (1998)
suggested that geometrical reasoning involves cognitive processes like visualization,
construction, and reasoning processes. The synergy between these processes is necessary
for achieving in geometry. While teaching 3D geometric thinking, promoting the
development of students’ spatial abilities is generally underlined. Especially when
teaching and learning 3D geometry is concerned, spatial visualization as a spatial ability
influences students’ achievement in it (Gutierrez, 1992). That is to say, children’s
understanding about 3D geometry is associated with spatial abilities especially with
visualization. To Couto and Vale (2014), geometry is described as comprising of
visualization and comprehension of shapes. Clements (1982) defined visualization as a
significant aspect of spatial reasoning. Geometry is made up of spatial orientation and
spatial visualization (Van Klinken, 2010). Moreover, Yeh (2013) mentioned about three
types of spatial abilities; spatial visualization, spatial orientation, and spatial relations.
Specifically, visualization is not just seeing and describing an object, instead, it is an
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ability to represent, transform, generate, document, and reflect on visual information
(Hershkowitz, Ben-Chaim, Hoyles, Lappan, Mitchelmore, & Vinner, 1990).

Gutierrez (1992) studied the relationship between 3D geometrical thinking and van
Hiele’s geometrical thinking and developed four levels for 3D geometric thinking. In the
first level (recognition) children perceive solids as a whole and do not consider their
components. But still they had an idea about these components like angle, size, edge,
length, and parallelism. Second level (analysis) involves processes like identifying
attributes like the number of faces, their shapes, and the number of vertices. But still
children do not perceive the relationship between attributes. In the third level (informal
deduction) children can classify solids based on their attributes and definitions are
meaningful to them. Last level (deduction) comprises proving theorems about 3D
geometry. About geometric thinking, Pittalis and Christou (2010) developed five abilities.
These abilities are manipulating different representational modes of 3D objects,
recognizing and constructing nets, structuring 3D arrays of cubes, recognizing 3D shapes,
their properties and comparing them, and calculating the volume and area of solids. In
the present study, these abilities about 3D geometric thinking were considered as a
guideline.

There are other issues reading 3D geometric thinking, such as drawing, area and
volume. First of all, drawing a 3D object should be focused on as well should be
interpreted (Pittalis and Christou, 2010). To Deregowski and Bentley (1987), for
understanding the drawing of 3D object, the depth of drawing, and the elements of it,
individuals should be visualized it in mind. Murphy and Wood (1981) mentioned that 4
years old children could benefit from their knowledge about painting in geometric
drawing tests. About area there are two interesting studies; unit squares were easy to
use for taking space and during these processes experiences played a significant role
(Heraud, 1987; Owens and Outhred, 2006). Lastly, counting unit cubes in a structure
could be useful for understanding the idea of volume (Battista and Clements, 1996). This
idea would help them to construct volume formula of the structure. There are other
studies how students perceived shapes, visualization, geometric thinking, and specifically
3D geometric thinking. For instance, in one of the studies about geometric shapes
Nieuwoudt and van Niekerk (1997) found out that first graders often named cubes as
squares. Moreover, Charalambos (1997) analyzed basic characteristics of geometrical
shapes and tried to describe how students learn basic geometrical concepts. As a result,
he found out that shapes play an essential role and students’ errors were generally
because of prototype phenomenon. About 3D thinking, plan representations are generally
used for representing 3D geometrical objects at school and during teaching processes
these representations are often found to be taken into consideration as real objects
(Berthelot and Salin, 1998). Another significant study was done by Denizli and Erdogan
(2018), based on Pittalis and Christou’s abilities defined, they prepared a test for
determining 1st to 4th grade students’ 3D geometrical thinking skills. They found that
students’ 3D geometrical thinking skills were increased as grades got higher.
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2. Method

In the study, it was aimed to understand children’s 3D geometry thinking skills and
the development of children’s 3D geometry thinking skills after 3D in Early Childhood
(3DinEC) training program, the present study conducted in Agri, east of Turkey. The
study adopted the qualitative approach, which tried to interpret meaning out of the
collected data, and helped understanding social issues based on the participant or other
data sources.

2.1. Participants

Participants of the study were seven children (3 girls, 4 boys) varied from 60 months
to 72 months of age in a public preschool selected via convenient sampling method, so
that it became economical and wasn’t time consuming (Yildirnm and Simsek, 2006).
Participation of the children was arranged upon obtaining their parents’ written consent,
and the children’s declaring their willingness. The ethical approval was issued by the
Ethical Board of Agri University, and the research permission in the schools from Agri
Directorate of National Education. The age range of participant children.

2.2. Data collection tools

To determine the children’s 3D geometric thinking skill, a semi-structured interview
form was used. This data gathering tool included six abilities determined by Pittalis and
Christou (2010). Before using this tool, it was submitted to two experts in the field of
mathematics education and also early childhood education for their opinions. In the
interview form there were totally 15 questions. Each of them also had sub-questions. Just
after receiving their feedbacks, necessary changes were conducted in the form. These
changes were mostly related to wordings.

The pilot interviews were done with two six-year-old children. In the light of pilot
interviews, the order of questions was changed to take the attention of children in the
process. The school administration provided a quiet room at the school for the actual
study.

This tool included tasks; four of them were prepared to do on paper and other tasks
were supposed to do with unit squares, unit cubes, empty box, 3D geometric shapes like
rectangular prism, cube, square prism, triangular prism, cylinder, and sphere, 2D
geometric shapes like square, triangle, circle, and rectangle, openings of 3D shapes.

Table 1

3D geometric thinking test

Ability Definition of Tasks Example

Recognition and | 1. Identification of 2D * Show 3D cube, rectangular prism,

construction of representation of 3D triangular prism, square prism,

nets geometric shapes cylinder to child one by one. Then ask
2. Construction of 3D child to match their 2D nets.
shapes with 2D shapes
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3. Identification of 3D
shapes

4. Identification of
openings of 3D shapes

=

Ask children reasons behind his/her
choice. Similarities and differences?

Manipulation of
3D shapes
representation
modes

1. Translation of 3D
geometric shapes into
1sometric

2. Translation of
1sometric side, top, and
front projection views of

3D shapes in 3D objects.

3. Recognition of cube
drawn into an isometric
view.

* Give child 3D cube, rectangular
prism, triangular prism, square prism,
cylinder one by one. Ask him/her to
analyze each. Then, ask child to draw
each geometrical shape’s picture on the
given paper.

Ask child which factors s/he consider
while s/he i1s drawing.

Structuring 3D
arrays of cubes

1. Enumeration of the
cubes needed to
transform an object into
prisms.

2. Enumeration of the
cubes that fit in a not
empty box.

3. Enumeration of the
cubes that fit in an
empty box.

* Show and illustrate following
incomplete 3D figure composed of cubes
to child.

s

Then, show 3D rectangular prism and
square prism to child. Ask child to
complete given incomplete figure to
make it resemble a rectangular and a
square prism one by one.

Ask child to guess how many cubes s/he
needs for completing the figure into a
rectangular prism or a square prism.
Give child a chance to try completing
the figure. Ask the difference of cubes
s/he used and his/her guess.

Ask his/her reasons behind his/her
choices.

Recognition of
3D shapes’
properties

1. Recognition of 3D
shapes.

2. Enumerating the
vertices, faces, and

edges of 3D shapes.

* Show 3D cube, rectangular prism,
triangular prism, square prism,
cylinder to child one by one. Ask
him/her to analyze each.

Show child what is corner, surface,
edge of a random geometrical shape.
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Then, show child each geometrical
shape and ask him / her how many
edges, corners, surfaces it has and
names of surfaces as well.

Ask child to show its edge, corner and
surfaces as well.

Calculation of
the volume and
the area of
solids

1. Calculation of the
area of 3D shapes with
unit squares

2. Calculation of the
area and volume of 3D
geometric shapes
presented as open nets
3. Calculation of the
volume of 3D shapes
with unit cubes

4. Comparing the area
and the volume of 3D
shapes

* Give child cube, rectangular prism,
and square prism one by one. Then,
give child unit squares as much as
possible.

Ask child to guess how many unit
squares s/he needs for covering its all
surfaces. Then, give child a chance for
trying her /his guess.

Then, ask the reasons between his /her
guess and actual result.

* Give child cube, rectangular prism,
and square prism one by one. Then,
give child unit cubes as much as
possible.

Ask child to guess how many unit cubes
s/he needs for filling its volume. Then,
give child a chance for trying her /his
guess.

Then, ask the reasons between his /her
guess and actual result.

Comparison of
3D shapes
properties

1. Right/ wrong answers
referring to the
elements and properties
of 3D shapes

* Following questions are asked to
children if these eight statements are
true or false. Children are given 3D
geometric shapes while they are
answering these statements.

Cube is composed of squares.

Square prism is just composed of
rectangles.

A sphere does not have any edge or
corner.

2.3 Data Collection Process

Necessary ethical procedures were approved by Ethical Board of the University and
as well by Ministry of National Education. Children’s parents were informed about
research purposes and research process. Then, parents were asked to give written signed
consents for their children to participate to data gathering process and 3DinEC training
program. Besides, children’s willingness was asked just before data gathering processes
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as well as each session of 3DinEC training program. They all expressed their willingness
to participate data gathering processes and 3DinEC training program.

Clinical interviews included initial standardization of the task, use of objects around
which the task revolves, a how and why questions, an immediate interpretation of the
subject’s response, on-the spot hypothesis making and testing, the freedom of improvise,
and evolution of the interview process over a period of time (Ginsburg, 1997). The study
was conducted accordingly. Clinical interviews were done before and after 3DinEC
training program. Each student was interviewed one by one. Each interview took about
20 minutes to 45 minutes.

2.4. 3DinEC Training Program

3DinEC Training program and its activities were developed by the researchers. It
was controlled by two other academicians who had experiences in early childhood
education and mathematics education. Seven hours of training program were planned
and applied within a classroom through two weeks. Videos as well as photographs were
collected during trainings.

3DinEC included six main geometric shapes; cube, cylinder, triangular prism,
rectangular prism, square prism, and sphere. Each geometric shape was introduced one
by one. Activities done were as follows;

Constituting geometric shapes with 2D shapes,

Constituting and determining geometric shapes from the nets of 3D shapes,

Colouring the determinant face of 3D geometric shapes,

Discovering edges, sides, and faces by using 3D objects and numbering these

characteristics.

e Likening geometric shapes to the real life objects or anything they had seen
before,

e Telling stories about each geometric shapes or developing new stories with

children,

Singing and developing songs about 3D geometric shapes,

Asking riddles,

Using drama,

Playing in 3D shapes,

Presenting real objects, they had taken from their houses,

Using animations for visualizing 3D geometric shapes altogether.

During application of activities, children were first introduced with geometric shapes.
One of the researchers applied activities at school through 3DinEC training. During
activities, researcher gave children chance to examine geometric shapes individually or
in groups. They were generally encouraged to talk about similar shapes they had seen in
their real lives or they just played with these shapes. Then, the researcher introduced the
activity of the day one by one. The researcher and children made the activities together.
In some of the activities, the researcher asked children to talk about their parents about
these shapes or took objects similar to geometric shapes to 3DinEC training.
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2.5. Data Analysis

The data gathered were analysed through descriptive and content analysis methods.
Video records were transcribed. Children’s reasoning for their answers to each task were
coded. Then, related codes were constituted under themes. For reliability of coding and
constituting theme processes two researchers studied the transcribed data separately.
Their codes were compared with Miles and Huberman’s (1994) inter-coder reliability
formula, and it was found to be 96 % codes. Then, themes were sent to another
researcher to control. According to his comments, codes determined were found to be
appropriate to criteria presented on the rubric.

A rubric was also prepared for classifying children’s answers to each question.
According to rubric, task under each ability was classified as; right, partially right, or
wrong.

3. Results

Children’s 3D geometric thinking skills were compared as before 3DinEc and after
3DinEc one by one along with their expressions through training. Abilities are presented
one by one in the following tables.

Table 2

Recognition and construction of nets ability before and after 3DinEc training

Ability Category Before 3DinEC After 3DinEC
Training Training

R* PR** W*** R* PR** W***

Recognition
and
construction 1. Identification of 2D 6 1 - 7 - -
of nets representation of 3D
geometric shapes
2. Construction of 3D - 2 5 5 2 -
shapes with 2D shapes
3. Identification of 3D - 1 6 6 1 -
shapes
4. Identification of 4 3 - 7 - -

openings of 3D shapes

*Right, **Partially right, ***Wrong

As seen in Table 2, children could identify 2D representation of 3D geometric shapes
and distinguish some of the openings of 3D shapes before 3DinEC training. However,
they could not construct 3D shapes with 2D shapes and identify 3D shapes. After 3DinEc
training they could easily identify 2D representation of 3D shapes and openings of 3D
shapes. Besides, children could generally identify 3D shapes and construct 3D shapes
with 2D shapes.

For identifying 2D representations of 3D geometric shapes, children had given chance
to express their reasons behind their choices. They were generally concentrating on
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determinant faces of geometric shapes. All of them mentioned that determinant faces of
both 2D and 3D shapes for their choices. Except one child could not identify rectangular
prism from square prism which were presented on 2D paper. After 3DinEC training, all
children could achieve first category. While they were expressing their reasons behind
their choices. They concentrated on all faces of geometric shapes as well as to
determinant faces.

About second category, before 3DinEC training participant children had difficulties
regarding constructing 3D shapes with 2D shapes. For instance, only one child could
identify triangular prism with its all faces and the other child could identify cylinder
without making false. These two children could not construct other geometric shapes
with 2D shapes. However, after the training children generally could construct 3D
geometric shapes with the help of 2D shapes. Two children had problems with
rectangular prism and sphere.

The other category is identification of 3D shapes. Children had also problems in this
category and they identified these shapes with 2D shapes’ properties before 3DinEC
training. They stated that they learned them from their parents or their teacher. Only
one child stated he learned them from his elder brother. However, after the 3DinEC
training almost all children could identify these shapes and only one child could not
identify rectangular prism. They all mentioned they learned them from the training.

About identification of openings of 3D shapes, some of the children could identify 3D
shapes’ openings. They also mentioned that determinant faces helped them to match
with 3D shapes. Before the training, three children had problems especially with square
prism and cube. But after the training all of the children could identify these shapes’
openings and they could express the significance of determinant faces of geometric

shapes.
Table 3
Manipulation of 3D shapes representation modes ability before and after 3DinEc training
Ability Category Before 3DinEC TrainingAfter 3DinEC Training
*
Manipul | 1. Translation of 3D geometric | - 1 6 1 5 1
ation of ghapes into isometric
3D 2. Translation of isometric - 4 3 2 4 1
shapes  &ide, top, and front projection
represent yiews of 3D shapes in 3D
ation bbjects.
modes 3. Recognition of cube drawn - 4 3 3 3 1
into an isometric view.

*Right, **Partially right, ***Wrong

About manipulation of 3D shapes representation modes ability, children had
difficulties regarding all categories under this ability. Even after training children had
problems in these categories. Few children could achieve these categories after training
and participant generally could do these categories partially right.

Before 3DinEC training, children could not translate 3D geometric shapes into
isometric. Only one child can translate cylinder into isometric. After the training only few
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children could translate shapes into isometric. Most of children could only translate
cylinder and sphere into isometric. Second category is about translation of isometric
views into 3D objects. Under this category, children could not achieve this category before
the training but after the training two children could do this category and others
generally could do partially right. Recognition of cube drawn into an isometric view is the
last category, and under this category, children had problems as well before the training.
After the training, three children could achieve this category.

Table 4

Structuring 3D arrays of cubes ability before and after 3DinEc training

Ability Category Before 3DinEC After 3DinEC
Training Training

Structuring
3D arrays 1. Enumeration of the - 1 6 3 4
of cubes cubes needed to
transform an object into
prisms.
2. Enumeration of the 3  NA**¥** 4 5 NA***% 9
cubes that fit in a not
empty box.
3. Enumeration of the 1 NA**** g 3 NA***% 4
cubes that fit in an
empty box.

*Right, **Partially right, ***Wrong ****Not Applicable

Table 4 presents findings regarding structuring 3D arrays of cubes ability. Before
3DinEC training children could not enumerate the cubes needed to transform an object
into prisms category, but only three could achieve this category after the training. About
enumeration of cubes that fit in an non-empty box and an empty box categories,
children’s achievements had increased after 3DinEC training especially children could
enumerate the cubes that fit in a not empty box. While they were asked to estimate
before trying, they generally preferred counting by finger. They preferred this method
both before and after training.
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Table 5

Recognition of 3D shapes’ properties ability before and after 3DinEc training

Ability Category Before 3DinEC After 3DinEC
Training Training

R* PR** W‘k‘k* R* PR** W***

Recognition —
1. f 3D sh . - 1 1
of 3D shapes - Lrecognition of 3D shapes 6 6
properties 2. Epumeratlng the 1 1 5 5
vertices, faces, and edges of
3D shapes.

*Right, **Partially right, ***Wrong

Under this ability as seen in Table 5, there have been improvements in children’s
answers. Children could easily recognize 3D shapes and could enumerate these shapes’
vertices, faces, and edges. Only two children had problems and could answer partially
rightly. Findings indicated that there has been an increase in children’s recognition of 3D
shapes’ properties.

Table 6

Calculation of the volume and the area of solids ability before and after 3DinEc training

Ability Category Before 3DinEC After 3DinEC
Training Training

R* PR** W*** R* PR** W***

Calculation 1. Calculation of the - - 7 - 2 5
of the area of 3D shapes with

volume and  unit squares

thg area of 2. Calculation of the - - 7 - 3 4
solids

area and volume of 3D

geometric shapes

presented as open nets

3. Calculation of the - - 7 1 5 1
volume of 3D shapes

with unit cubes

4. Comparing the area 2 3 2 5 2 -
and the volume of 3D

shapes

*Right, **Partially right, ***Wrong
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Children had most difficulty in calculation of the volume and the area of solids
ability. Except comparing the area and volume of 3D shapes category, there was not any
significant difference in other categories found under this ability even after the training.
For instance, only one child could calculate the volume of 3D shapes with unit cubes after
the training. He could calculate the volume of cube with unit cubes. Some children could
achieve these categories partially right in some geometric shapes (square or rectangular
prism’s volume along with cube’ volume). In the last category, children had shown
success in comparing volume or area of 3D shapes. Two children answered partially
right, these children could make comparisons in volumes but not in areas of 3D shapes.

Table 7

Comparison of 3D shapes properties ability before and after 3DinEc training

Ability Category Before 3DinEC After 3DinEC
Training Training

R* PR** W*** R* PR** W***

Comparison

of 3D 1. Right/ wrong answers 3 4 6 1 -
shapes ) referring to the elements

properties and properties of 3D

shapes

*Right, **Partially right, ***Wrong

Comparison of 3D shapes properties was the ability investigated. After the training,
children’s answers were improved significantly. Children generally could answer the
questions referring to the elements and properties of 3D shapes rightly. Before the
training, children had problems in comparing 3D shapes’ properties, however, after the
training almost all children could do this category. There has been an increase in
children’s right answers. While they were answering right/wrong questions, they used 3D
shapes for showing the researcher they were right.

4. Discussion and Conclusion

3D geometric thinking in early childhood is a complex area, and a need for more
research on 3D geometrical thinking in early childhood education has become clear.
Developing spatial awareness, intuition in geometry, visualization, knowledge,
understanding usage of geometrical properties and theorems could be achieved through
3D geometry (Jones, 2002). The present study may address how 3D geometrical thinking
can be enhanced and understood in early childhood practice. Therefore, the present study
examined children’s 3D geometry thinking skills and also investigated the development
of children’s 3D geometry thinking skills after 3DinEC. There are both conflicting and
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approving issues with current literature. The results revealed that children had a limited
understanding about 3D geometric shapes.

According to NCTM (2000), children between preschool to 2nd grade level could
distinguish, name, build, compare 3D objects, explain 3D objects’ properties and parts,
investigate and make guesses about what will happen if parts come together or separate.
Moreover, they could define related states in space, comment on direction and distance by
using simple words like "next to," realize movements such as rotating-turning-scrolling,
symmetrical recognizing, and creating shapes, and as well with spatial visualization
objects they could animate in mind, recognize and represent objects from different
perspectives, associate numbers and measurement with geometry (NCTM, 2000).
Findings of the study confirm that participant children could achieve some of these
competencies especially after 3DinEC training and could not achieve the others even
after the training. These competencies will be discussed in the following paragraphs.

First of all, findings indicated that preschool children were successful in identification
of both 2D representations of 3D geometric shapes and openings of 3D shapes. Especially
determinant faces of 3D geometric shapes were helpful. Similar results were found in
Nieuwoudt and van Niekerk’s (1997) and Charalambos’ (1997) studies and they generally
stated that basic characteristics of shapes played a significant role in determination of
them. The present study also indicated that children had problems regarding
construction of 3D shapes with 2D ones and identification of 3D shapes categories but the
result after the training indicated that children were better at this issue. This situation
is also same for identification of 3D shapes category. Children could not name 3D shapes
before the training, they preferred using determinant 2D shapes’ names instead of actual
names. They clarified that their teachers taught them so. Moreover, about recognition of
3D shapes’ properties, the results indicated that children were much better and could
express their understanding clearly after the training. Children could distinguish shapes,
their vertices, edges, and faces. Obviously there had been a difference between before and
after 3DinEC. Therefore, these results agree with current literature. For instance, Siew-
Yin (2003) similarly mentioned that teachers generally preferred using prototype visual
samples in instead of atypical samples in geometry education. Besides, Tsamir, Tirosh,
and Levenson (2008) stated that using atypical samples would help determining the level
of students’ conceptual learning as well as geometrical thinking level. Therefore,
participant children might have encountered with prototype samples instead of atypical
ones, they could not achieve these categories before the training.

Another ability investigated is manipulation of 3D shapes’ representation modes.
About this issue, Duval (1998) stated that visual image of geometrical expression had a
significance role in geometrical thinking. In a study, it was found out that 4 years old
children could make use of their understanding about painting in geometry drawing tests
(Murphy and Wood, 1981). Eryaman (2009) also constituted visualization and orientation
activities about 2D representation of 3D geometric shapes, and studied the effect of these
activities on 6th grade children’s spatial abilities. As a result of these activities there had
been improvement in children’s visualization and orientation abilities. On the other
hand, the present study also indicated that children had difficulties regarding this
ability, especially translation of 3D shapes into isometric. Other categories were slightly
better than the first category under this ability. There were difficulties children faced
even after 3DinEC training. Therefore, findings of the present study indicated that
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although representation modes have a significant role, younger children could not make
use of visual images efficiently even after a training.

Structuring 3D arrays of cubes is another ability covered. Children generally had
difficulties regarding categories under this ability. Children had a limited understanding
about volume. Area and volume topics are covered under calculation of the volume and
the area of solids category. Heraud (1987) stated that experiences with unit squares were
significant role in areas, and Battista and Clements (1996) emphasized that unit cubes
could be useful for understanding the idea of volume. Children’s understanding regarding
these topics were very little even after the training. These results were confirmed by
other researchers as well. For instance, Battista and Clements (1996) found out that the
idea of volume improved as grades got higher. However, younger children in the present
study were just successful in comparing the area and the volume of 3D shapes not
successful in calculation of volume and area topics.

The present study focused specifically on children’s 3D geometric thinking skills. The
findings, on the other hand, indicated that they had a limited understanding about 3D
geometric shapes as well as they had difficulties about the properties of geometric shapes
(2D and 3D). Range of age of the present study was composed of children from 60 months
to 72 months. This was thought to be a limitation of the study. As well, the number of
children could be seen as a limitation for the study. A future study will involve more
children from various ages.



Tugba Ocal, Medera Halmatov/ International Journal of Curriculum and Instruction 13(2) (2021) 1508-1526
1523

References

Adelman, C. (2006) The toolbox revisited: Paths to degree completion from high school through
college. Washington, D.C.: U.S. Department of Education.

Aktag-Arnas, Y., & Aslan, D. (2004). The development of geometrical thinking in 3 to 6 years old
children group. In O. Ramazan, K. Efe, & G. Giiven (Eds.), Ist International Pre-School
Education Conference (Vol. I, pp. 475—494). Istanbul: Ya-Pa Yayincilik.

Battista M. & Clements, D. H. (1996). Finding the number of cubes in rectangular cube buildings.
Teaching Children Mathematics, 4(5), 258-264.

Berthelot, R. & Salin, M. H. (1998). The role of pupils’ spatial knowledge in the elementary
teaching of geometry. In C. Mammana & V. Villani (Eds.), Perspectives on the teaching of
geometry for the 215t century (pp. 71-78). Dordrecht: Kluwer.

Caldera, Y. M., Culp, A. M., O’'Brien, M., Truglio, R. T., Alvarez, M., & Huston, A. C. (1999).
Children’s play preferences, construction play with blocks, and visual — spatial skills: Are
they related?. International Journal of Behavioral Development, 23(4), 855-872.
https://doi.org/10.1080/016502599383577

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, 269—309. https://doi.org/10.1080/07370000802177177

Charalambos, L. (1997). A few remarks regarding the teaching of Geometry, through a theoretical
analysis of the geometrical figure. Nonlinear Analysis: theory, Methods & applications,
30(4), 2087-2095. https://doi.org/10.1016/S0362-546X(97)00294-0

Clements, D. H. (1998). Geometric and spatial thinking in young children.
https://files.eric.ed.gov/fulltext/ED436232.pdf

Clements, D. H. (1992). Elaboraciones sobre los niveles de pensamiento geometrico [Elaborations
on the levels of geometric thinking]. In A. Gutiérrez (Ed.), memorias del tercer simposio
internacional sobre investigatcion en educacion matematica (pp. 16—43). Valencia, Spain:
Universitat De Valéencia.

Clements, D. H., Sarama, J., Baroody, A. J., Joswick, C., & Wolfe, C. B. (2019). Evaluating the
efficacy of a learning trajectory for early shape composition. American Educational
Research Journal, 56(6), 2509-2530. https://doi.org/10.3102/0002831219842788

Clements, D. H., Swaminathan, S., Hannibal, M., & Sarama, J. (1999). Young children's concepts
of shape. Journal for Research in Mathematics Education, 30(2), 192-212.

Colom, R., Contreras, M. J., Botella, J., & Santacreu, J. (2001). Vehicles of spatial ability.
Personality and Individual Differences, 32, 903-912.

Couto, A., & Vale, 1. (2014). Pre-service teachers' knowledge on elementary geometry concepts.
Journal of the European Teacher Education Network, 9, 57-73.

Davis, B., & The Spatial Reasoning Study Group, (2015). Spatial reasoning in the early years:
Principles, assertions, and speculations. New York: Routledge.

Denizli, Z. A., & Erdogan, A. (2018). Development of a three dimensional geometric thinking test
for early graders. Journal on Mathematics Education, 9(2), 213-226.

Deregowski, J. B., & Bentley, A. M. (1987). Seeing the impossible and building the likely. British
Journal of Psychology, 78(1), 91-97.

Dreyfus, T. (1991). On the status of visual reasoning in mathematics and mathematics education.
In F. Furinghetti (Ed.), Proceedings of the 15th Conference of the International Group for
the Psychology of Mathematics Education (PME) (pp. 33-48). Assisi, [taly.



1524 Tugba Ocal, Medera Halmatov/ International Journal of Curriculum and Instruction 13(2) (2021) 1508-
1526

Duncan, G. J., Dowsett, C. J., Claessens, A., Magnuson, K., Huston, A. C., Klebanov, P., et al.
(2007). School readiness and later achievement. Developmental Psychology, 43, 1428—-1446.
https://doi.org/10.1037/0012-1649.43.6.1428

Duval, R. (1998). Geometry from a cognitive point of view. New Icmi Studies Series, 5, 37-51.

Eryaman, Z. (2009). A study on sixth grade students’ spatial reasoning regarding 2d
representations of 3D objects [Unpublished master’s thesis]. Middle East Technical
University, Ankara.

Ferrara, K., Hirsh-Pasek, K., Newcombe, N. S., Golinkoff, R. M., & Lam, W. S. (2011). Block talk:
Spatial language during block play. Mind, Brain, and Education, 5, 143-151.
https://doi.org/10.1111/1.1751-228X.2011.01122.x

Ginsburg, H. P. (1997). Entering the child's mind: The clinical interview in psychological research
and practice. New York: Cambridge University Press.

Ginsburg, H., Lee, J., & Boyd, J. (2008). Mathematics education for young children: what it is and
how to promote it. Society for Research in Child Development, XXII(1), 3-24.

Gutierrez, A. (1992). Exploring the links between van Hiele levels and 3-dimensional geometry.
Structural Topology, 18, 31-48.

Halpern, D. (2000). Sex Differences in Cognitive Abilities (34 ed.). Mahwah, NJ: Lawrence
Erlbaum Associates.

Hannibal, M. A. Z., & Clements, D. H. (2000). Young children’s understanding of basic geometric
shapes. National Science Foundation. Grant No: ESI-8954644.

Heraud, B. (1987). Conceptions of area units by 8-9 year old children. In PME XI (Vol. III, pp. 299-
304). Montreal, Canada.

Hershkowitz, R., Ben-Chaim, D., Hoyles, C., Lappan, G., Mitchelmore, M., & Vinner, S. (1990).
Psychological aspects of learning geometry. In P. Nesher & J. Kilpatrick (Eds.),
Mathematics and Cognition: A research synthesis by the International Group for the
Psychology of Mathematics Education (pp. 70-95). Cambridge, MA: Cambridge University
Press.

Jones, K. (2002). Issues in the teaching and learning of geometry. In L. Haggarty (Ed.), Aspects of
teaching secondary mathematics: Perspectives on practice (pp. 121-139). London: Routledge
Falmer.

Jordan, N. C., Kaplan, D., Ramineni, C., & Locuniak, M. N. (2009). Early math matters:
Kindergarten number competence and later mathematics outcomes. Developmental
Psychology, 45, 850—867. https://doi.org/10.1037/a0014939

Kimura, D. (1999). Sex and cognition. Cambridge: MIT.

Levine, S. C., Ratliff, K. R., Huttenlocher, J., & Cannon, J. (2012). Early puzzle play: A predictor
of preschoolers’ spatial transformation skill. Developmental Psychology, 48, 530-542.
https://doi.org/10.1037/a0025913

Lohman, D. (1996). Spatial ability and g. In I. Dennis, & P. Tapsfield (Eds.), Human abilities:
Their nature and assessment (pp. 97-116). Hillsdale, NdJ: Erlbaum.

Lohman, D. F. (1988). Spatial abilities as traits, processes, and knowledge. In R. J. Sternberg
(Ed.), Advances in the psychology of human intelligence (Vol. 4, pp. 181-248). Hillsdale, NJ:
Lawrence Erlbaum Associates).

Love, E. (1995). The functions of visualization in learning geometry. In R. Sutherland, & J. Mason
(Eds.), Exploiting mental imagery with computers in mathematics education (pp.125-141).
Berlin: Springer.

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded sourcebook (2nd
ed). California: Sage Publications.

Murphy, C. M., & Wood, D. J. (1981). Learning from pictures: The use of pictorial information by
young children. Journal of Experimental Child Psychology, 32(2), 279-297.



Tugba Ocal, Medera Halmatov/ International Journal of Curriculum and Instruction 13(2) (2021) 1508-1526
1525

National Council of Teachers of Mathematics [NCTM], (2000). Principles and standards for school
mathematics. Reston, VA: National Council of Teachers of Mathematics.

Newcombe, N. S. (2010). Picture this: Increasing math and science learning by improving spatial
thinking. American Educator, 34, 29—43.

Nieuwoudt, H. D., & van Niekerk, R. (1997). The spatial competence of young children through the
development of solids. Chicago: American Educational Research Association.

Owens, K., & Outhred, L. (2006). The complexity of learning geometry and measurement. In A.
Gutierrez, & P. Boero (Eds.), Handbook of research on the psychology of mathematics
education: Past, present and future (pp. 83-115). Rotterdam/Taipei: Sense Publishers.

Parzysz, B. (1988). ‘Knowing’ vs. ‘seeing’: Problems of the plane representation of space geometry
figures. Educational Studies in Mathematics, 19(1), 79-92.

Pittalis, M., & Christou, C. (2010). Types of reasoning in 3D geometry thinking and their relation
with spatial ability. Educational Studies in Mathematics, 75(2), 191-212.

Presmeg, N. (2006). Research on visualization in learning and teaching mathematics. In A.
Gutiérrez, & P. Boero (Eds.), Handbook of research on the psychology of mathematics
education: Past, present and future (pp. 205-235). Rotterdam: Sense Publications.

Ramani, G. B., Zippert, E., Schweitzer, S., & Pan, S. (2014). Preschool children’s joint block
building during a guided play activity. Journal of Applied Developmental Psychology,
35(4), 326-336. https://doi.org/10.1016/j.appdev.2014.05.005

Reyna, V. F., Nelson, W. L., Han, P. K., & Dieckmann, N. F. (2009). How numeracy influences risk
comprehension and medical decision making. Psychological Bulletin, 135, 943-973.
http://dx.doi.org/10.1037/a0017327

Rittle-Johnson, B., Zippert, E. L., & Boice, K. L. (2018). The roles of patterning and spatial skills
in early mathematics development. Early Childhood Research Quarterly, 46(1), 166-178.
https://doi.org/10.1016/j.ecresq.2018.03.006

Sarama, J., & Clements, D. (2009). Early childhood mathematics education research: Learning
trajectories for young children. Routledge: Taylor & Francis Group.

Satlow, E., & Newcombe, N. S. (1998). When is a triangle not a triangle? Young children’s
developing concepts of geometric shape. Cognitive Development, 13, 547—559.

Siew-Yin, H. (2003). Young children's concept of shape: van Hiele visualization level of geometric
thinking. The Mathematics Educator, 7(2), 71-85.

Tsamir, P. Tirosh, D., & Levenson, E. (2008). Intuitive nonexamples: The case of triangles.
Educational Studies in Mathematics, 69(2), 81-95.

Uttal, D. H., Meadow, N. G., Tipton, E., Hand, L. L., Alden, A. R., Warren, C., et al. (2013). The
malleability of spatial skills: A meta-analysis of training studies. Psychological Bulletin,
139, 352—402. http://dx.doi.org/10.1037/a0028446

van Hiele, P. (1999). Developing geometric thinking through activities that begin with play.
Teaching Children Mathematics, 5(6), 310 - 316.

Van Klinken, E. (2010). Utilizing year three NAPLAN results to improve queensland teachers'
mathematical pedagogical content knowledge. In L. Sparrow, B. Kissane, & C. Hurst
(Eds.), Shaping the future of mathematics education: Proceedings of the 33rd annual
conference of the mathematics education research group of Australasia (pp. 297-304).
Fremantle: MERGA.

Verdine, B. N., Golinkoff, R. M., Hirsh-Pasek, K., & Newcombe, N. S. (2014). Finding the missing
piece: Blocks, puzzles, and shapes fuel school readiness. Trends in Neuroscience and
Education, 3, 7-13. http://dx.doi.org/10.1016/j.tine.2014.02.005

Yeh, A. (2013). Constructing a frame of cube: Connecting 3D shapes with direction, location and
movement. In V. Steinle, L. Ball, & C. Bardini (Eds.), Mathematics education: Yesterday,
today and tomorrow (pp. 690-697). Melbourne: Mathematics Education Research Group of
Australasia Inc.



1526 Tugba Ocal, Medera Halmatov/ International Journal of Curriculum and Instruction 13(2) (2021) 1508-
1526

Yildirim, A., & Simsek, H. (2006). Sosyal bilimlerde nitel arastirma yéntemleri. Ankara: Seckin
Yayincilik.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the Journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons
Attribution license (CC BY-NC-ND) (http://creativecommons.org/licenses/by-nc-nd/4.0/).



