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Children's experience of shape and space is a question of 
living in a world where, as soon as they can move them
selves, they begin to discover and develop concepts of shape 
and space. When babies begin to crawl, they have already 
developed a perception of depth, which can be viewed as 
one aspect of 3-D vision. Babies demonstrate this by refus
ing to crawl to their mothers when the latter call from a 
position where the child has to crawl over an area (glass) 
which looks like a chasm (Gibson and Walk, 1960) 

Bunkho1dt (1994) demonstrates that a child's perception 
of shape develops rapidly as the child is trying to see coher
ence and as its interest in finding meaning in the wotld 
increases. The child concentrates on recognizing people and 
objects in its smroundings. The child continuously explores 
its smroundings and fmds different ways to deal with shape 
in different situations. When the child, for example, builds 
a house of blocks or sand, it creates a 3-D model of reality 
This gives completely different information from the 2-D 
shape that a child can express in a drawing (Fosse and 
Munter, 1997). Therefore, shape and space are patterns nec
essary to perceive and develop right from birth 

It has been discussed by Askew (1998), among others, 
whether 2-D shape is to be explored before 3-D But chil
chen are living in a world that is 3-D and therefore they only 
experience 2-D configurations in theii sunounding world 
through pictures, TV, mirrors, etc Seen from this point of 
view, one can agree with Haylock and Cockbmn (1989) that 
2-D and 3-D experiences need to go hand in hand 

In the Swedish school cmricula and in psychological tests 
of children's development, shape and space are central 
notions For a long time, the concept of shape has been a 
category used in a variety of tests. As early as the 1940s, 
Wigforss (1946) developed a number of tests to measure 
matutity and readiness for formal schooling. The child's per
ception and motor level was stated, based on the use of 
different shapes. It becomes a question about both concep
tualizing and modeling. These kinds of tests are not used by 
the Swedish school system today However, the medical 
health service uses similar tests with a similar putpose to test 
all children at fom and at five-and-a-half years of age 

Within the pre-school setting, 'Logiblocs' became quite 
popular to work with dming the 1970s in Sweden Dming 
the same time frame, 'books-befme-school' also became 
common,. In them, children worked on recognizing and 
differentiating different geometrical shapes The focus on 
shapes as something of importance for the child's develop
ment resulted in teaching children the names for the different 
shapes, which children often had difficulty remembering 
(Prarnling, 1983) 

This meant that shape during this period became focused 
on 2-D figures in books or specific objects representing the 
basic geometrical shapes and, because of this, learning about 

shapes involved little reference to the surrounding world 
However; to have children understand the geomettic teattRes 
of different shapes, an important principle must be to give 
them opportunities to discuss the properties of the different 
shapes at the same time as they learn the names of the shapes 
(Hopkins, Gifford and Pepperell, 1999) 

The Swedish cuniculum for pre-school children (aged 
1-5 years) states: 

Ihe pre-school should try to ensure that children 
develop their appreciation of the basic characteristics of 
the concepts of number, measurement and form as well 
as the ability to mient themselves in time and space 
(Ministry of Education and Science in Sweden, 1998a, 
p. 15) 

A similar aspect of mathematics is fotmulated in the 
curriculmn for compulsory school, the pre-school class and 
the after-school centre (Ministry of Education and Science 
in Sweden, 1998b): however, it becomes mote and more 
complex at each level of schooling I he importance of chil
dren developing an understanding of real shape in space is 
a generally known fact 

Perspectives on learning 
To become better at organizing the world around you, in 
ymll' own consciousness, is the core of learning. This means 
that learning is tied to one's awareness of different and 
specific aspects of one's sunoundings. Ihe perspective 
argued for here is based on the view that learning is an inter
nal relation between that child and his or her world (Marton, 
1994) This also implies that learning means that something 
new appears to the child when he or she has learnt some
thing and, fmally, it implies that learning is both content- and 
context-dependent and not related to different stages of 
matutity (Sommer, 1997) 

Marton (1999) claims that variation is the source of all 
learning, but argues that the child has to experience the vari
ation, in terms of different meanings, in order to distinguish 
between variations and similarities How we experience 
similarities is always a question of erulier experiences. What 
a child experiences in the 'here and now' depends on that 
child's previous experiences. Understanding appears in the 
contrasts of variety: without variation, there is no discern
ment or learning 

The teacher's role is to help chilchen to experience 
patterns of variation And the less we know about what chil
dren will make use of in the future, the larger the 
experienced variation has to be. This means that, for exam
ple, chilchen will learn about shapes by becoming aware of 
both similarities and differences. Chilchen become aware of 
what a square is by contrasting it with objects that are not 
squares But the child must also experience a variation of 
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similarities, such as squares of different sizes, to transfer an 
ooderstanding from one situation to another 

Within early childhood education, the above perspective 
has been developed under the heading of 'developmental 
pedagogy' and used with great success in many early inter
vention studies (Ahlberg, 1995; Neuman, 1987; Pramling, 
1990, 1994, 1996; Dover borg and Pramling Samuelsson, 
1999a, 1999b,2000) 

There are two aims in the present study: one is related to 
making sense of the above perspective of learning in prac
tice with children, while the other is to evaluate the teacher's 
work in terms of what is of benefit to children flam being 
involved in this approach to learning This means that the 
aim of the teachers'work is to develop the ways six-year
old children experience real shape in space 

Our role as researchers is to follow how the work pro
ceeds in a group of children during the school year and to 
evaluate the outcomes by comparing children's experiences 
in the group with a reference group of children of the same 
age. The entiie idea of this study is similar to what Brown 
(1992) calls 'design experiments', where theoretical and 
methodological challenges are used to create complex inter
ventions in classroom settings 

Method, design and pmcedure 
The present study is primarily an exploratory, qualitative 
feasibility study of children's learning, consisting of two 
parts: 

(1) to follow two teachers in their classroom work; 

(2) to evaluate children's learning about the concept 
of shape in space 

Data for the classroom process and the tasks of the teachers 
with the variational/earning group are summarized in the 
following forms: 

the teachers' diary- entries have been made on a 
continual basis and detail what tasks have been 
carried out with children as well as the children's 
reactions and the thoughts they have expressed 
about the tasks; 

observations - classroom observations were con
ducted by the researcher once every second week; 

visual documentation - photographs of the work 
in the group and objects and drawings created by 
the children were collected 

The data collected in the reference group consisted of 
an interview with the teachers about their approach to 
children's learning and how they worked with the concept of 
shape in space. Both the variational learning group, where 
the children had worked with shape in space, and the refer
ence group consisted of six-year-olds in two pre-school 
classes from the same school Participating children had the 
same socio-economic backgrounds All the teachers had the 
same formal and in-service training The variational learning 
group consisted of sixteen children and the reference group 
consisted of fifteen children 

The researcher made an evaluation of the childr·en by con
ductiirg two tasks with them: drawing a house and drawing a 
cube If someone did not know what a cube was, it was 
explained as a die The tasks were conducted on two differ
ent occasions and approximately six months after the initial 
work with shape was performed with the variational learning 
group At the same time of the year, children in another 
matched group performed the same task with the same 
resear·cher 

Children were asked to carry out the same task a second 
time, sixteen months later, just as they started their second 
year in primary school On this occasion, children were 
asked to perform both tasks by the same researcher 

Finally, an analysis of the children's drawings was made 
to find qualitative differences: that is, how the features of 
children's pictures could be distinguished and grouped into 
qualitative categories 

Approaches to learning 

The vatiationalleaming group 

The teachers' work observed had a theoretical base in 
'developmental pedagogy': that is, it is not the child's level 
of development as such that is in focus, but an effort to 
develop the child's experience by means of educational prin
ciples (Pramling, 1994, 1996) Experience is viewed here 
as the child's understanding of how he or she conceptualizes, 
discerns or relates him- or herself to the world around. 
'Learning', in other words, means to become aware of 
different aspects of the world and to create personal meaning 
(Marton and Booth, 1997). All children have an umeflec
tive way of experiencing different phenomena and education 
becomes a question of challenging and changing the 
perspective of the child - that is, their unreflective way of 
thinking 

The principles employed by the teachers were as follows 

(1) To focus children's attention towards different 
aspects of the world that they wanted them to 
develop their experience of 

(2) Ib encourage children to imagine, think and reflect 
about content related to shape in space 

(3) To get children to express themselves and, by 
means of this, to make their own ways of thinking 
visible: in other words, to work at a meta-cogni
tive level (see Pramling, 1983, 1990) In order to 
make the children's ways of thinking visible, they 
were asked to draw pictrnes, to create objects and 
to talk about them 

( 4) To make the children aware of the diversity of ways 
of thinking, as expressed in the drawings, the 
objects or verbal descriptions of them were then 
used as content This means, for example, that if 
children had a round figure on a piece of paper 
and had been asked to make something out of this 
figure, then the children's various drawings were 
discussed and compared 
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Ib use diversity helps each child become aware of his or 
her own way of thinking or creating meaning, since their 
own umeflected ways of thinking are challenged (Dover
borg and Pramling, 1995; Doverborg and Pramling 
Samuelsson, 1999a, 1999b, 1999c). 

The work on shape in space began inunediately after the 
summer holiday, building on a request by their teachers to 
write a postcard to the pre-school during their vacation. The 
card which the children became most interested in was one 
with the house ofPippi Longstocking on it (Lindgren, 1996), 
which is a very old, erratic house. 

Figure 1 The house ofPippi Longstocking 

In a way, it became evident and natural to talk about shapes, 
and in relation to that to use several appropriate, basic 
notions of mathematics such as: large, small, long, length, 
numbers, height, but also to make all kinds of compatisons 

Some of the activities during the school yeat undertaken 
by the teachers and their class were: 
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exploring the neighborhood (looking at different 
kinds of houses); 

• finding fences, gates, balconies, porches, doors, 
windows, etc (looking for distinguishable fea
tures); 

observing objects from different angles; 

• making drawings of explorations in the neighbor
hood and discussing their fmdings; 

making models of fences, doors, windows and 
cubes; 

developing a house plan by sketching and con
stmcting a cabin in a tree in the children's gatden; 

drawing the pre-school from a bird's eye view 
(both before and after they had studied the build
ing from different angles); 

working with tessellation; 

• desig:rting pictures using pre-cut shapes, completed 
by the children; 

desig:rting gingerbread house models; 

baking a real gingerbread house based on the 
models (see Fig:rne 2); 

making drawings of the completed gingerbread 
house; 

studying pictures with reference to size and 
distance; 

• matching pictures of houses cut in half 

Figur. 2 The children's gingerbread house 

The tasks highlighted above must be viewed in the light of 
the principles earlier developed in this atticle 

OLII/ _:. K 

Figu'" 3 Synchronic picturing 



Each task focused fhe children's attention on the concept 
of shape ln space. Tills was also done ln dialogue between 
the teachers and fhe children, when fhe teachers asked fhe 
children to tell a story or describe an object and then 
extended the children's ideas with comments or questions 
(Dover borg and Pramllng, 1993), showlng fheir support and 
enfhusiasm about all ideas expressed by fhe children They 
did not confirm or correct fhe children by saylng fhat some
thing was right or wrong, but helped them to explore 
differences in different children's ways of experiencing 
somefhlng 

A sample variational learning group lesson 

At group-time, the children and the teacher talked about 
what Pippi Longstocklng's house looked like 

Christoffer: The house is yellow, green and plnk The 
veranda is plnk and fhe rest of fhe house is 
built of yellow boards 

Serafina: It looks like there are crosses on the 
window panes 

Oliver: 

Anna: 

Teacher: 

Jenny: 

There is a garden and a veranda where a 
horse is standing 

Pippi has a fence around her house 

Have you seen any house that looks like 
Pippi 's house here ln om neighborhood? 

I haven't looked for one but maybe we 
could do fhat 

In fhe afternoon, fhe children and fhe teacher went out for an 
expedition into the residential district nearby to find out 
what it took to make a house look like Pippi 's house 

Serafina: The house must be yellow 

Lena: There has to be a veranda 

Benjamin: There should be a fence aronnd fhe house 

Oliver: And fhere has to be a garden and a horse 

On fheir expedition, fhe children walked past many different 
houses, but finally fhey found a yellow house which had 
bofh a balcony and a veranda, as well as a fence. As they 
walked, fhe children got excited about fhe variety of fences 
around fhe houses They each made a drawlng of fhe fence 
they liked the most Back at the pre-school, the drawings 
were displayed on the wall and each child told about hisjher 
picture. They described the fences' different heights and 
picket widfhs; some had a varylng pattern, one picket wifh 
a pattern and fhe next without, or one picket turned up and 
fhe next tmned down 

Next, the childTen worked in two groups constructing 
fences, some from cardboard, other from clay. The eight 
children who were golng to make fheir fences out of card
board were asked to use a rectangular piece of cardboard: 
'How do you make a fence out of one piece of cardboard?' 

The dialogue which follows between fhe children and the 
teacher describes how fhey approached fhe problem 

Christoffer: It is square. Yes, it is! 

Lisa: The lengfh of fhe sides is not fhe same 

Christoffer: No, fhere are two long and two short sides 

Teacher: What did fhe fence look like? 

Christoffer: A lot of short pegs 

Petra: 

Teacher: 

Lena: 

Oliver: 

Teacher: 

Some tall ones too 

But how can we get both long and short 
slips out from one piece of cardboard? 

We can make all of fhem short and fhen we 
will have to joln some of fhem to make the 
long ones 

Or we could get one more piece of card
board 

No, you only get one 

Christoffer: We can cut long ones first and then short 
ones 

Each child set about completing fheir task, cutting a differ
ent number of slips wifh different lengths. Ihey then laid 
them out in a row before pasting them together as a fence 
panel The children then stood back and looked at each 
ofher 's cardboard fences. They discovered fhat fhey had not 
each made fhe same klnd of fence. There were fhree differ
ent kinds of fences and three different heights They also 
noticed that the length differed and started to count how 
many pickets there were in each fence 

Anna suggested fhat fhey make an exhibition where fhey 
could gafher fhe fences ln different groups: for example, one 
group for fhose of the same height and one for fhose of the 
same lengfh The question of how to make fhe fences stand 
upright arose Anna knew fhat if you pasted one or a couple 
of slanted slips on the back of fhe fence you could make it 
stay upright, like paper dolls do 

The childr·en who had made fences out of clay had also 
consttucted a variety of fences To make fhese fences stay 
upright was no problem, however. This fact opened up a 
conversation about similarities and differences between clay 
fences and cardboard fences. Questions such as: "How come 
fhat fhe clay fences can stay upright wifhout any prop?" and 
"What do fhe fences look like?" were discussed. The chil
dren once again set out on an excmsio~ bringing paper and 
pencils to make a sketch of fhe fence fhey had chosen as 
fheir favorite one and to tty to flnd out how the fences can 
stand upright 

The children were divided into three groups and given 
the task of sketching three different fences, to look at, to 
touch and feel the posts, the pickets and fhe different 
patterns on fhe pickets. From fhe consttuctions and fhe draw
Ings, it became evident fhat the children discovered many 
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buildllg techniques; some pickets were dug iuto the ground, 
others were nailed, etc 

The work in the reference group 

The theme dming the school yeat was nature. The teachers 
said that they had not platrned to bring mathematics iuto the 
theme, hence no discussion m tasks aimed at developing 
the children's understandillg of shape iu space were brought 
into the theme. However, what the teachers did recall (and 
also could find in their diary notes made during the school 
year) was that they actually had worked with some tasks 
where the aim had been to develop the children's under
standing of shape in space These tasks were seen as 
ordillaty and not patticularly connected to this yeat 's theme 

Some of them were: 

discoveriug different shapes iu their sunoundillgs; 

• discussing traffic and the different shapes of the 
traffic signs; 

• creating 'shape figures', where the head is made 
in the shape of a circle, a square, a rectangle or a 
triangle; 

collecting different materials from nature, smting 
them according to their different characteristics; 

siugiug a song called 'Square man'; 

playiug a gatne based on shapes (Shape biugo); 

playing games such as European football (soccer) 
and bandy (a game with sticks and a small ball) 

The teachers claimed that the children's world was full of 
mathematics and that shapes, for example, were to be found 
everywhere iu their surroundiugs if they took a look atound 
them. You could find shapes in rooms, the interim and 
furnishings, atUong the toys, jigsaws, patty games, etc., and 
some songs and games contain different shape words Since 
the children meet shapes in many different contexts, they 
also get many oppottunities to learn about geometrical 
shapes .. The teachers' opinion was that since the children 
are taking part in so many different activities where shapes 
ate involved, they consequently develop their understandillg 
of shape and, because of that, it is not necessary for the 
teachers to make this content a content in itself 

A comparison between the teachers' work 

The difference between the teachers' work iu the two groups 
was whether there was a specific focus on shape as a content 
or not and the approach to learning This meant that the 
teachers in the variational learning group used the smroun
diugs and the children's experience for teaching them shape 
in space They also worked on focusiug children's attention 
on critical featur·es and objects constituting different shapes 
in space, while the teachers in the reference group took for 
granted that children leatn about this if they come across it 
iu their everyday life 

The approach to developiug children's understandillg of 
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shape differed in that the teachers iu the variational learn
ing group systematically created situations where children 
could think and reflect: they also tried to focus the children's 
attention on the variety of ways they had solved different 
problems The teachers in the reference group named and 
talked about shape with the children as a part of daily life 
and communication 

There were, so to speak, different approaches to leatning 
as well as different views of what the teacher's role was in 
the two groups But also the content as such appeats differ
ently In the variationalleatning group, the content, that is, 
the teachers' intention of what they want children to develop 
an understandillg about, was very cleat and every opportu
nity to make this visible to them was utilized. The teachers 
iu the reference group believed, in a way, iu children's spon
taneous leatning - that is, discovering and disceming shape 
in the flow of their everyday experiences 

Results 
After a sixteen-month interval, both groups were asked to 
draw a house and to draw a cube 

The house drawings 

The drawiugs from both the variationalleatning and the ref
erence groups can be placed in one of three categories First 
of all, we can see children drawing a 3-D house where a 
gable is visible and at times it is accompanied by a side view 
of the roof (1) We also have a 2-D house with a roof made 
like a triangle (2) and two alternative single shapes, (3a) 
square and (3b) rectangle 

Category 

Fir,st occasion 

Vatiationallearning group 14 

Reference group 5 

Second occasion 
(sixteen months later) 

Variationalleaming group 15 

Reference group 3 

Table I House drawings 

2 3 n 

16 

7 3 15 

0 16 

9 3 15 

When we analysed the children's drawings on the first occa
sion, we noted a latge discrepancy in the category of 
drawings completed by the variationalleaming group and 
the reference group Fourteen of the children in the varia
tional learning group drew a 3-D house, while only five of 
the children from the reference group drew a house iu that 
way. Only one child from the variational leaming group 



drew a 2-D house, while seven of the children from the ref
erence group drew this kind of house. And only one child 
from the variational learning group drew a single shape 
depicting the house, while three of the children from the 
reference group drew this type of house 

No significant change was shown between the results 
from the first and second occasion, conducted sixteen 
months apart. 

The cube drawings 

The second task was to draw a cube: we can also distinguish 
different qualities here. First of all, we can see children 
drawing a 3-D cube (1), but we can also see attempts to 
drawing a 3-D cube where the lines are not parallel (2), and 
a thhd way, which only represents the cube as a 2-D square 
(which, in some cases, has a line straight across it) (3) 

Category 1 

Fi1st occasion 

Variational learning group 13 

Reference group 0 

Second occasion 
(sixteen months later) 

Variational learning group 15 

Reference group 2 

Table 2 Cube drawings 

2 

2 

0 

0 

D/EJ 
3 

1/0 

11/4 

0/0 

11/2 

n 

16 

15 

16 

15 

Looking at children's ways of solving this task, a trend 
similar to the house drawings was noted: that is, thirteen of 
the children in the variational learning group drew a 3-D 
cube, while none of the children from the reference group 
drew a 3-D cube Two children in the variational learning 
group drew figmes with non-parallellines In the reference 
group, all the children drew a flat 2-D shape. Eleven of them 
just drew a plain square, while four drew a straight line 
through the square. This conld be seen as an attempt to make 
a 3-D drawing 

Also here, as can be seen above, there is no significant 
change within the groups. Most of the children in the varia
tionallearnlng group could aheady draw the 3-D cube on the 
first occasion. The children in the reference group did not 
continue to develop in their skills of expressing themselves 
in 3-D on their own during this sixteen-month period 

Discussion 
It is important to start the discussion by making it clear what 
kind of knowledge this article provides (cf Brown's (1992) 

'design experiments') First of all, it has to be viewed as a 
feasibility study: that is, a description of what possible 
development could be attributed to the group we name the 
'variational learning group' (without claiming that there is 
a 'cause and effect' relationship in absolute terms) A spe
cific approach to learning has been focused on in the 
variationallearnlng group The reference group consists of 
'comparable' children and teachers, but does have to be 
viewed as representing a common pre-school class of high 
quality. This means that the reference group is used as a 
reference against which the work in the vru:iationalleruning 
group is laid out With an awareness of the exploratory 
approach in the present study, we will discuss the results 

Those children who have or have not developed the skill 
of drawing a 3-D house and cube are obvious in this study 
To be able to experience objects as 3-D and to represent 
them in a drawing is obviously an effect of education 
Ajdarova (1987) points out the importance of giving 
children opportunities to learn about and understand the 
relation between the abstract and the concrete - something 
which is achieved when children are challenged to make 
models of different phenomena they are exploring 

The teachers in the variational learning group let the chil
dren make models of things connected to the theme which 
they had explored or were about to explore, like the houses, 
ladders, fences, balconies, shelters, etc In that way, the 
children were given the opportunity to learn about this con
tent in both a concrete and an abstract way, as well as both 
2-D and 3-D 

The educational approach and the focusing of children's 
attention towards real shapes in space have raised theil 
awareness of these two aspects of reality. This picture 
becomes even more obvious when we look at the second 
occasion, when children have been in primary school fot 
more than a year It does look like there is very little devel
opment going on in this regard. This also gives proof of the 
fact that developing this skill is not a question of maturity, 
but is rather a matter for education 

What is it then that these children have learnt in the vari
ational learning group? They have learnt to imagine and 
think creatively: to raise themselves above acting concretely 
and to use their imagination and by that to create their own 
meaning. They have worked in concrete situations, but all 
the time they have been challenged by their teachers' and 
by other childr·en's points of view. This has been carried out 
by questionlng, and by interest and support from the teach
ers, but also by means of the children's own documentation, 
introduced by the teacher. 

Children have, in other words, started in concrete and, 
for them, meaningful situations; they have been challenged 
to think and to verbalize their thinking and, last but 
not least, they have documented their views giving them 
possibilities for viewing their own thinking (Pramling 
Samuelsson and Mardsjo, 1997; Doverborg and Pramling, 
1995). In this acting, it is the meta-cognitive approach uti
lized in education which has been used to great success 
in earlier studies (Brown, 1980; Pramling, 1990, 1994; 
Doverborg and Prarnling Samnelsson, 1999a, 1999b, 2000) 

What is it, then, that these children have learnt about the 
world around them? Our interpretation is that children's 
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ways of expressing themselves in the drawings are related 
to their experience of reality. This means that educational 
settings in the variational learning group have helped 
children create a relation between concrete everyday life and 
more abstract thinking, which is necessary for fmther themy 
building (Hershkowitz, Parzysz and van Dmmolen, 1996). 

Just as Neuman (1987) has shown in her teaching experi
ments on children's understanding of number, which 
developed into abstract mathematical thinking, om teachers 
have given children the opportunity to develop an initial 
geometrical understanding .. And the base for this has been 
that the content and the approach ar·e built upon the ways in 
which children experience different aspects of the world 
around them. 
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