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Abstract 
The term transformation is predominantly associated with a certain change of a whole. In its essence, 
transformation is a change within one part of a whole. It is not necessary for this entire part to change, 
the change can be just in one its property. The rest of the whole remains unchanged. A child is 
confronted with three-dimensional space from birth. Initially, he/she simply observes it, later he/she 
starts manipulating objects in it. Observation is essential for the transformation process of space in 
plane. However the child must have sufficient experience with three-dimensional world to 
subsequently understand the link between it and the plane. Children can for example observe people's 
silhouettes or shadows of buildings. Various activities involving imprinting objects, whose one side is 
covered with paint, are suitable to learn the difference between space and plane. Transformation can 
be also exploited during projections, where children observe shadows of puppets. A graphical record 
of space in plane is important in this context, too. 

An experiment was performed in several preschool facilities in the Czech Republic, whose aim was to 
assess the cognitive process level of 5- to 6-year-old children during selected activities focused on 
transformation of space in plane. Seven task were created for children. Firstly, they observed the front 
side of a construction from play bricks then changed their position to notice that the construction 
gained a different dimension. Next, they observed objects under dimmed light and then assigned them 
their corresponding silhouettes, they recognised objects from their shadows, created a plane model of 
a construction using manipulation with cut-out shapes and finally, they graphically encoded the ground 
plan of a building into a grid. The experiment results analysis showed that only 40 % of children from 
given sample noticed a change in construction dimension, all children autonomously and correctly 
assigned silhouettes to objects and half of the children correctly identified an object from its shadow. 
80 % of children autonomously assembled cut-out shapes like they were placed on the construction 
and all children constructed a building and carried out a correct graphical record of the ground plan 
and building height into the grid. The experiment showed that it is necessary to present children with 
playful activities where they can perceive shapes of objects and recognise their silhouettes and 
shadows. 
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1 INTRODUCTION  
Pre-school education generally endeavours to prepare children for diverse situations they will 
encounter in their lives and have to deal with. These situations will be a solid base in children’s 
learning process which they will be able to draw inspiration from. At this stage, it is very important to 
consider the child’s need for universal and versatile preparation, to consistently respect age-related 
curiosities and to base any actions on the child’s natural interests and needs. This applies also to pre-
school preparation in mathematics. 

Various activities can be exploited by pedagogy experts for the development of children’s basic 
mathematical conceptions. It is important for children not to be sole receivers of information. It is 
necessary to try to involve them in problem solution finding, in actively searching for challenging 
situations and solving them together with their mates. It is very important to consider age-related and 
individual curiosities, to relate to daily, natural situations and to gradually introduce more complex 
problem solving as children develop. One of the activities children find attractive and funny is 
dimension transformations. 
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2 TRANSFORMATION 
The term “transformation” is typically connected to a change of the whole in various contexts. During 
transformation, one part of the whole changes; the change can be only partial and of only one of its 
attributes. Other parts of the whole remain unchanged. 

Transformational activities play an important role in the development of child’s personality. Thanks to 
their playful nature they encourage the child to be active, to cultivate prelogical thinking. They are of 
help during the notion formation process, enrich the child’s vocabulary, have a creative character. This 
is why these activities should be implemented regularly into children’s daily routine, they should feel 
natural to children and should be interlinked. 

A certain level of fine motor skills development is an important prerequisite for successful adoption of 
transformation at pre-school age. It is difficult for a child to master an intellectual activity if he/she 
cannot hold properly and manipulate an object which serves as a tool in the given situation. Not only 
hold and manipulation of objects, but also the coordination of both hands during activities are 
important. It is essential to master grasping objects not only with one hand but with both hands at the 
same time using symmetrical and non-symmetrical movements. 

During transformation activities at nursery, the pedagogy experts should also take into account the 
level of intellect of single children and adjust the content and form of problems to solve accordingly. 
Children with higher intellect should be involved in more intellectually challenging problems and be 
guided to use an object or tool to solve them. If the task is too simple, they are capable of solving it in 
their minds, to talk about it without using tools. The consequence is fine motor skills not corresponding 
to their age and lagging in development [2]. 

There are many types of transformation which can be used in pre-school education practice. 
Transformations of language, color, position, composition, size, shape, quantitative transformations, 
transformations of symbols (graphical, sound, dimensional transformations – from space into plane 
and from plane into space), structural transformations are some examples. 

In this text, we are going to explore transformations from space into plane (3D - 2D). 

2.1 Transformations from space into plane (3D – 2D) 
The child encounters 3D space since birth and develops a close relationship to it. First, he/she only 
observes it, later starts manipulating objects in it. As the child’s movement capabilities progress, 
he/she learns to overcome obstacles in space or tries to dodge them or to remove them. In a plane 
setting, it is impossible to perceive space through touch, therefore it is necessary to correctly 
understand and use the terms “image” meaning the 2D substitute shape and “object” meaning the 3D 
reality. A plane shape (e.g. a picture) does not have the third dimension but it is possible to introduce it 
there with various methods like shading or perspective. A pre-school and early-school child cannot 
artistically express space yet, he/she is only capable of imagining the third dimension. He/she depicts 
space by layering images over one another – this is called coding by X-ray projection [2]  . 

There are many activities that help us assess the level of child’s cognitive processes. Observation, 
projection, photography and graphical record are some of them. 

Observation is a basis for processes of transformation from space to plane. The child must have 
sufficient experience with 3D world to be subsequently able to understand the link between it and the 
plane. It is also important for the child to comment on his/her observations. The comments and notes 
provide information into what extent the child can notice certain discrepancies – e.g. that a shadow 
cannot be held in hand. Children can observe e.g. silhouettes when sun rays fall on objects under the 
right angle. This observation needs to be repeated several times. Only when children have created an 
idea about objects in good light, they can start observing them in the morning or evening from different 
angles and noticing deviations, oddities and discrepancies against previous observations. The teacher 
or children themselves can take photographs of the objects and project them on an interactive board. 
It is however necessary that the teacher makes adjustments to the photographs before projection – 
such as making them darker and removing details that could distract children from observing the 
silhouettes. Bare observation is however not sufficient, it must be accompanied by complementary 
activities described further in this text. 

An example of activities for learning the difference between space and plane, which can be carried out 
with children, is imprinting dyed cut out potatoes on paper. Children realize the difference between the 
world of space (object) and the world of plane (stamp). After subsequent discussion, the child should 
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be able to recognize a difference between the image created by imprinting and the actual potato. 
He/she can also use multiple parts of the potato to imprint diverse images, the teacher cut outs 
multiple shapes (Fig. 1). 

 
Figure 1. Imprinting, use of diverse cut-out shapes 

and diverse colors. (from [4], p.120) 

 
Figure 2. Setup of Task 1. (by author) 

Transformation can also be used during projection, where an overhead projector or a powerful lamp 
can be used. In the “Theatre” game, we exploit the shadows of puppets placed between the light 
source and screen. Children are sat in so that they cannot see the puppets. They follow the shadows, 
their motions and recognize which puppets are on the screen, they say what the puppets are doing, 
describe the shadow they are looking at etc. The puppet size remains the same [3]. 

To enable children to perceive the space and distinguish it from plane, it is suitable to let them take 
photographs of their creations or objects that catch their eye. The photograph should contain as few 
objects as possible. Children subsequently observe objects in the photos and learn to perceive the 
space in them. This is very difficult for pre-school children. Objects are also several fold smaller on the 
photography, which children must understand and be able to explain. 

In the context of space-to-plane transformation, teachers can exploit graphical records during 
activities. For children, there is however the prerequisite of flawless manipulation with drawing material 
and no confusion between reality and image. This is why it is important to guide children towards 
adopting new terms and their flawless use. The “Parking” game starts with distributing a toy car to 
each child and a large sheet of wrapping paper in each group. Children “drive” their cars and park 
them on a spot of their choice. Subsequently, they are asked who has parked where. Then we mark 
the spots where cars are parked. Children then try to fit in parking slots of their mates, or they must 
return to their original parking position. 

Children also graphically record the number of bricks placed one over another in one column with a 
corresponding number of dots. This is called “coding brick building height into ground plan”. On the 
very spot where the brick tower used to stand, the child draws the same number of dots as bricks in 
the tower. It does not matter whether he/she draws dots or spots and how they are positioned, what is 
important is their correct number. The essential words associated with these activities are “how much” 
and “this much”. 

When executing activities linked to transformations, the teacher should bear in mind that 
transformations are not an aim, but rather a learning tool for children. The way teacher combines the 
different types of transformations and which types he/she uses for the education of children and in 
which order is up to teacher himself. It is however important to maintain a certain succession 
considering children’s age, capabilities and natural development [2]. 

2.2 An experiment at the nursery school 
An experiment was carried out in a pre-school establishment in Czech Republic, whose objective was 
to establish to what extent children of a certain age are capable of solving the following tasks by using 
transformation from space to plane: 

• Observation of a building façade from two angles and realization that the building changes with 
the change of view angle 

• Observation of a building and creation of a model of this building 
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• Addition of bricks into existing structure and enrichment of a model with corresponding shapes 

• Observation of object silhouettes, assigning silhouette to corresponding object 

• Recognizing objects from their shadows 
• Graphical record by coding a brick building height into ground plan with teacher’s help 
• Autonomous creation of a building from bricks into a square grid and autonomous graphical 

record by coding a brick building height into ground plan 

This experiment comprised a total of 7 tasks which were focused on work with transformations at 
nursery. The tasks were carried out by 5- to 6-year-old children, therefore methods, contents and tools 
were adjusted to children’s age, capabilities and individual characteristics. Activities were performed 
based on observation, projection and graphical record and were motivated by stories from expert 
literature to make children’s involvement natural, personal and entertaining. Children were 
accompanied through single tasks by characters from a tale story (girl Theresa, a bear, a mole, a 
reindeer and a crayon). Children had the opportunity to observe objects and phenomena, talk about 
and discuss newly-emerged situations and feelings, experience and potential challenges, they could 
manipulate objects. All activities were carried out mainly as games. 

The tasks were spread over seven days. Every day, children were involved in solving one task to have 
enough time for its solution and could give it enough attention. The progress of activities was recorded 
and complemented by photo documentation (with parents’ written permission), experiment was 
analysed using set criteria and results were presented in tabulated view. 

2.3 Task instructions 

2.3.1 Task No. 1 - What Theresa and Bear saw on their walk 
During a walk with children, we observe the nursery building’s façade. Upon return we discuss with the 
child what he/she remembers from the observation and what caught his/her attention. Subsequently, 
his/her task is to build a wall from one layer of bricks with no gaps between bricks. Upon completion, 
the child is asked to stand back and observe the construction from a suitable distance. Then a new 
instruction comes: he/she shall move slowly to a squat position so that his/her eyes end up just over 
the table. At this stage, the child should notice that the construction changes its dimension, it “flattens” 
(Fig. 2) 

2.3.2 Task No. 2 – Assembly with Rayon and Mole 
We cut out shapes from paper of different colors. The size and shape correspond to front sides of 
actual bricks which the child will use. We build a one-layer construction from 10 bricks (Fig. 3). 

The child assembles the cut-out shapes on a dark surface to match their arrangement in the 
construction. Subsequently, we point at single bricks in the wall and the child points with a crayon on 
the paper shapes which correspond to the location of bricks in the wall. We try to point at all bricks 
eventually. The child double-checks the correct position of paper shapes and then attaches them to 
the paper surface with glue. 

2.3.3 Task No. 3 – Building with Reindeer 
We build a construction from 10 bricks like in task no. 2. Afterwards, we add another four bricks to the 
building. The kid adds further shapes his/her paper model following the new construction (Fig. 4). 

2.3.4 Task No. 4 – We are not afraid of ghosts 
The task is carried out at the time of the year when it gets dark early and when the child can observe 
silhouettes of objects in twilight. 

We place five objects of different but not complex shapes on a window ledge (a wooden cube, a 
watering can, a wooden house, a truck, a doll). We switch the light off and we leave the child to 
observe the objects. Afterwards, we switch the light on again and explain the task to the child. There 
are paper silhouettes of all objects placed under the window but in a different order. His/her task is to 
place them to the right spot on the window ledge (Fig. 5). 
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 Figure 3. Setup of Task 2. (by author) Figure 4. Setup of Task 3. (by author) 

2.3.5 Task No. 5 – Bear’s riddles 
The child stands in front of a screen with a good view of it. However, he/she does not see the objects 
that the experimenter holds in her hand in front of the projector. She explains to the child that he/she 
must observe the screen carefully. We leave enough time for the child’s observation. Then, he/she is 
asked to close his/her eyes and we change the object’s position. Then the child assesses which object 
he/she sees. We start with easy objects and work towards more complex ones. We use the following 
objects: plastic bottle, pencil, banana, toothpaste, shoehorn. 

   
 Figure 5. Setup of Task 4. (by author) Figure 6. Setup of Task 6. (by author) 

2.3.6 Task No. 6 – What did friends see on the trip? 
The child has 8 bricks to his/her disposition. His/her task is to build a construction without gaps. 
He/she places the bricks into a square grid. The size of one square in the grid corresponds to one 
brick with shape and size. Upon completion, the experimenter together with the child take the 
construction apart column-wise. They take turns. Every time one column is removed, the child draws 
as many dots as there were bricks in the column into the square where the column stood. The activity 
ends when the whole construction is taken apart (Fig. 6). 

2.3.7 Task No. 7 – Show your friends what you can do… 
The child builds autonomously a construction from 8 bricks without gaps, he/she places the bricks into 
a square grid. Upon completion, he/she draws dots into the square where a corresponding column 
stood. He/she works independently. His/her activity ends when the construction is taken apart. 

3 EXPERIMENT ANALYSIS 
Task no. 1 was only 40% successful. Generally, it was very difficult for the children. They struggled 
already with task instructions. One third of children built a multiple-layer construction without gaps 
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instead of a one-layer construction without gaps, despite the task instructions being repeated to them 
several times. They needed experimenter’s help with the building. They did not notice how the 
construction changed from their perspective when they changed position. Other children created a 
one-layer construction without gaps on their own, without verbal or other help. They however struggled 
to determine whether the construction changed from their perspective when they observed it from a 
squat position. Only 40% of children noticed that the third dimension, depth of the bricks, was missing. 
They commented that e.g. top side of the bricks could not be seen, only the front side. They did not 
say that the construction flattened but that it was straight and that it had seemed wider looking from 
above. 

Task no. 2 was 80% successful. All children understood the task instructions without difficulties. Two 
most common types of mistakes emerged during the placement of shapes on paper. One of them was 
incorrect position of triangles so that they touched a row of objects with a leg. They were however 
supposed to touch them with the hypotenuse. Another common mistake was placing the shapes on 
extremities of the first row wedging into centre of the construction. The wedges were however 
supposed to point outside. An interesting observation was that children did no make mistakes at 
pointing at shapes on the surface but the did not notice their wrong positions. 

Task no. 3 was successfully completed at 80%. All children understood the task instructions. They 
again made mistakes during the placement of shapes on surface following the brick position in the 
construction. Some mistakes emerged in the placement and fixation of the little triangle. It was 
supposed to touch the large triangle with the hypotenuse but it touched it with one of its legs. Children 
struggled also with position of the wedge. The wedge was supposed to point towards the large triangle 
but it pointed to opposite direction and touched the large triangle with a whole side. 

Task no. 4 was successfully completed at 100%. Each child first named objects that were placed on 
window ledge with lights switched off. Children pointed to single objects when naming them. They 
chose which side to start from – most frequently from left to the right, but occasionally from right to the 
left or without any order. They all correctly placed all silhouetted on the right place without hesitation. 

Task no. 5 was 50% successful. All children understood it. The easiest object to recognise was the 
bottle. Children struggled the most to recognise the shadow of banana and toothpaste. 

Task no. 6 was 100% successful. All children understood the instructions. All of them also used all 
eight bricks and even asked for more for their activity. All counted the bricks while pointing at them, 
nobody made mistake at it. They correctly answered experimenter’s questions. All children maintained 
the conditions of building appearance when placing bricks into the square grid. Upon completion, 
children together with plush animals took the construction apart column-wise and without hesitation 
drew the correct number of dots in the corresponding square after removing every single column. 

Task no. 7 was 100% successful. Every child independently built a construction from eight bricks as 
per instructions. All of them maintained the condition from previous task and did not leave gaps 
between bricks. Some one-layer buildings without gaps as well as multi-layer buildings without gaps 
emerged. All children autonomously and without help drew correct number of dots in square grid to 
match the number of bricks in the corresponding column. 

4 CONCLUSIONS 
The aim of this experiment was to establish in what extent children of a certain age are capable of 
solving problems that use transformation from space into plane (3D – 2D): 

Based on the experiment analysis, it was established that: 

• 40 % of children from given sample noticed the dimension change of a brick building upon 
change of position, the “flattening”; and announced it loudly; 

• 80 % of children from given sample autonomously placed the cut-out objects on surface as they 
were positioned in the building, correctly pointed at all paper shapes corresponding to bricks in 
the construction and fixed them with glue; 

• 80 % of children from given sample autonomously enlarged their model by adding new shapes 
following new bricks in the construction; 

• 100 % of children from given sample correctly placed selected silhouettes of objects; 
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• 50 % of children from given sample autonomously and correctly determined objects from their 
projections on screen; 

• 100 % of children from given sample drew the correct number of dots to match number of bricks 
in the column; 

• 100 % of children from given sample autonomously built a construction from bricks and then 
drew the correct number of dots to match number of bricks in the column. 

The experimental results imply that some children are not yet capable of noticing that there is a 
dimensional change when a building is observed from different angles. They have little experience 
with this type of observation and it is necessary to implement activities with similar focus more 
frequently into daily programme. It is also important to present children with playful activities where 
they can perceive the shape of objects and recognise their shadows and silhouettes. It is 
recommended to follow-up on activities focused on space – plane transformations (3D – 2D) with 
activities focused on plane – space transformations (2D – 3D). 
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