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SUMMARY

A subject didactic analysis of the development of the spatial knowledge of young
children through a problem-centred approach to mathematics teaching and learning

Researchers and educators are in agreement that it is very important that the spatial
knowledge of the young child should be developed from the first years of school. In
order to develop these skills the appropriate materials and activities need to be
designed. This can only be realised through proper research methods that not only
acknowledge the cognitive abilities of the young child, but also the social and cultural
backgrounds of the children.

This implies that due attention should be given to language, beliefs, cognitive skills,
socio-economic background, schooliné and teaching systems. The immediate worlds of

the children should be used in developing the spatial skills of these children.

The work that is described in this document is an effort to describe the complexity of
such a research endeavour. The development of the spatial skills of young children
were investigated through three different instructional/executional media namely
language, drawing/writing and physical constructions. The three major variables that
were described as influencing the spatial development in the different media were the

task that was given to the children, the objects that the children worked with and the
dimension and viewpoints of the objects and situations.

It was clear from the research that in the development of the spatial skills of children,
attention should be given to: the real-world of the children, hands-on-experiences of
the children, the cultural background, the language of instruction, the socio-economic



v

background, the classroom culture, the media Qf iﬁstructionand the cognitive skills of
the children.

‘ _‘eaéhing‘,-
mathematlos eduoatlon, pre-school chlldren, kmdergarten chﬂdren, young chlldren

Key words: spatial development, spatial percepion, spatial sense, ge@m@f}



OPSOMMING

‘N YAKDIDAKTIESE ANALISE VAN DIE ONTWIKKELING VAN DIE
RUIMTELIKE KENNIS VAN JONG KINDERS DEUR MIDDEL VAN ‘N
PROBLEEMGESENTREERDE BENADERING TOT DIE ONDERRIG EN

LEER VAN WISKUNDE.

Navorsers en opvoedkundiges is in ooreenstemming dat die ontwikkeling van die
ruimtelike vermoéns van jong kinders, reeds in aanvang moet neem in die beginjare
van laerskool. Om die vermoéns ten volle te ontwikkel is dit noodsaaklik dat die
geskikte aktiwiteite en materiale ontwikkel moet word. Dit is slegs moontlik indien
daar deur middel van die korrekte navorsingsbenadering, wat nie slegs die kognitiewe
vermoéns van die jong kinders nie, maar ook die sosiale en kulturele agtergrond in ag

neem, te werk gegaan word.

Dit impliseer dat genoegsame aandag gegee moet word aan taal, beskouing van
wiskunde, sosio-ekonomiese agtergrond, skool-en-onderrig sisteme en kognitiewe
vermoéns. Die onmiddellike leefwérelde van die kinders moet geken en benut word om

die nodige ruimtelike kennis te ontwikkel.

Die werk wat in die dokument beskryf word is ‘n poging om die kompleksiteit van so
‘n navorsingsondersoek te beskryf. Die ontwikkeling van die ruimtelike vermoéns van
jong kinders is ondersoek deur van drie verskillende instruksie/onderrig media gebruik
te maak nl. taal, teken/skryf en fisiese konstruksies. Die drie veranderlikes wat
deurgaans gemonitor is om vas te stel wat die effek op die ruimtelike vermoéns is, 1s
die taak wat aan die kinders gegee is, die tipe voorwerpe waarmee gewerk 1is en die

dimensies en oogpunte van die voorwerpe en situasies.



Uit die navorsing het dit duidelik na vore gekom dat daar in die ontwikkeling van die
ruimtelike vermoéns van jong kinders, aandag gegee moet word aan: die werklike
leefwéreld van die kinders, praktiese ervaring van die kinders self, kulturele en sosio-
ekonomiese agtergrond, taalmedium van onderrig, klaskamerkultuur, onderrigmedia en

kognitiewe vermoéns van die kinders.

Sleutelwoorde: ruimtelike persepsie, ruimtelike ontwikkeling, meetkunde onderrig,
wiskunde onderrig, voorskoolse kinders, jong kinders, laerskool kinders, kleuterskool
kinders.
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1
CHAPTER 1

BACKGROUND AND OVERVIEW OF THE STUDY

1.1 Introduction

In his book “Mathematics at the Cross-roads”, Van Zyl (1942:97) states that during
the 1930s Euclid was followed more closely in Great Britain than elsewhere. As a
result of British influence, South Africa has adhered to the same type of geometry.
It was also unfortunate that the improvements in the teaching of geometry being felt
in England after the 1920s, had no influence in South Africa. This led to the
situation that South Africa inherited its Geometry from England at a time when its

teaching was more conservative than in any other country in the world.

The result of this was that any informal approach to geometry teaching in high
school was looked upon as a waste of time and theorems were introduced as early
as possible. Van Zyl (1942) continues to state that informal geometry is all that the
average standard 7 pupil is able to absorb with profit, unless he has been taught it in
standard 6 or even standard 5. He goes on to say that the earlier introduction of
informal geometry is desirable but the fact that primary school teachers are not

trained at universities militated against this.

In 1944 Gevers came to the conclusion that the Euclidean geometry that is taught in
~ South African schooi; ié‘nc_)t suitable for youths. He is also in favour of combining
the different disciplines nar‘n\élyxgggmetry, algebra and trigonometry. He thinks that
it should be tackled as a whole in scﬂbbl curricula. Krige (1961) joins Gevers in his
view by stating that the teaching of Euclidean geometry is outdated and more could
be gained by turning to analytical geometry as part of the curriculum.
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Dreyer (1965) mentions the fact that several other South African authors voice the
same concerns, namely that South Africa should move with the times when it comes
to the development of their mathematics curricula, and especially the geometry

component needs attention (Senex, 1963; Maarschalk, 1963; Dekker, 1962).

The approach to the teaching of geometry in primary school up to 1994 started with
the introduction of the basic two-dimensional shapes (squares, rectangles, triangles
etc.) that had to be recognised, followed very early in the-beginning of the senior
primary phase with the introduction of formulas for the calculation of the surface
areas for these figures (DET, 1991). At the beginning of 1994 a new curriculum was
prescribed (TED, 1994) against the background of the problem-centred approach
that had been implemented in the majority of white schools in the then province of
Transvaal. Along with this came new guidelines for restructuring the geometry
curriculum that adheres to many of the international guidelines (reports of the
NCRMSE and the NCTM). The obvious lack of any teacher materials as well as
teacher training regarding the spatial development, that accompanied the TED
(1994) document, gives an indication of the “importance” of geometry in the

primary schools in South Africa.

Shuster (1975:168) points to the fact that schools in‘the United States of America
have had, for most of the twentieth century, Euclidean Geometry as the content of
their geometry curriculum. He continues to say that the 'focusing on the formal
structure of geometry has been a serious mistake that has had some unfortunate
results. Firstly the programme has failed; that is, the goal of teaching formal
structure via geometry has not been achieved. Secondly. the Mo-veremphasis on
axiomatics has resulted in an underemphasis on app}liea’tion. Thirdly, not enough

concern was given to three-dimensional and Vhighéf'concepts.

Other important topics appropriate to secondary school work are slighted. Among
these are combinatorial aspects of geometry, transformations, symmetry, and
topological aspects of geometry (Freudenthal, 1971:425). Freudenthal further is of
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the opinion that one of the prominent features of these approaches is, that rather
than giving the child the opportunity of organising spatial experiences, the subject
matter is offered as a pre-organised structure, with all the concepts and definitions
preconceived by the teacher. He is of the opinion that the traditional system was a
fake system, but by teaching it, teachers used to indoctrinate themselves to believe
in the system. Freudenthal (1971:429) goes further, predicting a solution to this
problem when he says that geometry can be saved if it is presented as a field in

which students can be active.

Questions surrounding the teaching of geometry were popular in the Netherlands as
far back as the 1950s (Van Hiele-Geldof, 1958a, 1958b). The Van Hieles were
actively involved in the basic research and P. Van Hiele's (1959) article delineating
the thought levels and the phases of learning attracted the immediate attention of
Soviet psychologists. Professor Isaak Wirszup, at the university of Chicago,
formally introduced the Van Hiele ideas to American audiences in 1974. Some of
the studies undertaken by the Americans were the Oregon Project (1979-1982), the
Brooklyn Project (1979-1982), and the Chicago Project (1979 -1982). The
Netherlands also embarked on a research project in the field of initial geometry
(ages 4 to 14) under the inspiring leadership of Freudenthal, called the Realistic
Approach.

The model of realistic thought and the phases of learning that were developed by the
Van Hieles, propose a means for identifying a student’s level of geometric maturity.
-They also suggest ways to help the students to progress through these levels. The
five thought levels are: Level 0, Visualisation; Level 1, Analysis; Level 2, Informal
Deduction; Level 3, Deduction; and Level 4, Rigour (Van Hiele, 1982:214).

According to this model it is argued that instruction rather than maturation is the
most significant factor contributing to the student's geometric development (Van
Hiele, 1982:215). The phases of instruction are: Phase 1, Inquiry/Information; Phase
2, Directed Orientation; Phase 3, Explication; Phase 4, Free Orientation; and Phase
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5, Integration. Research has supported the accuracy of the model for asvsessing
student understanding of geometry (Hoffer, 1983:205-227). It has also shown that
materials and methodology can be designed in such a way that they match these
levels and promote growth through these levels (Burger & Shaughnessy, 1986:31-
48). It is no longer a question whether these thought levels actually exist, but how to
utilise them so that insight can be gained into the development of students’ spatial
abilities. Once insight is gained, it is possible to design the appropriate materials
and instruction for the next teaching episode (Usiskin, 1987:29).-

Although mathematics is often considered to be a collection of facts and procedures,
current thinking in the field supports a view of mathematics as the activity of
constructing patterns and relationships (NCTM, 1989). The NCTM have, according
to Wheatly (1990:10), stressed the importance of the development of spatial sense
(spatial visualisation, spatial reasoning, spatial perception, visual imagery and
mental.rotations) as paﬁ of the school curriculum. They have also chosen to call

these spatial developments by a collective name, namely spatial sense.

Different researchers and authors who have done work on spatial development are
not uniform about the terminology or the classification of spatial development.
What they are uniform about, though, is the importance of spatial development as
part of the school curﬁculum. Del Grande (1990:14) expresses the collective feeling
of many people, namely that geometry for young children must not be preoccupied
with structure and prdof as presented in secondary school. They feel that geometry
should start on an intuitive basis and should be built on objects and experiences that

are part of a child's environment.



1.2 Problem statement

Educators in South Africa are in the process of implementing a problem-centred
approach to mathematics teaching and learning (Human, Murray, and Olivier,
1992). This approach 1s characterised (inter alia) by a ‘change and development’
view of teaching and learning, and of the content to be taught and learned;
furthermore, teaching for understanding can only be accomplished if the socio-
anthropological context of the classroom can effectively be accounted for in the
teaching for the learning of specific content by specific learners in a specific

classroom setting and context (Cobb, 1988:87-91).

In practice the number component of mathematical development has been the main
focus of the teaching and learning of mathematics in the primary phase. This trend
has been continued in the approach advocated by Human, Murray and Olivier
(1989). Booysen (1994:10) mentions that in contrast to the research on the number
component, very little research has been done in the South African situation in
connection with the spatial knowledge of children in primary school, viewed against
the background of a problem-centred approach to mathematics teaching and

learning.

The term “spatial knowledge” includes all the activities that children engage in, in
order to structure the space around them. According to Freudenthal (1974-75:152),
this does not start with the formulation of definitions and theorems but with the
ordering of the every-day spatial experiences of the young child. In other words, the
ordering and structuring of these original spatial experiences can then eventually
lead to formulation and structuring of theorems and definitions that are part of the
more formal spatial knowledge (geometry) to which the child is exposgd at school.
It is important, though, to remember that the formal geometry that children are
exposed to in schools 1s but a part of the total spectrum of the spatial knowledge
that children acquire during their lifetime. It is necessary, though, to develop this
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informal or intuitive spatial knowledge of the child in 6rder for them to be able to

cope with school geometry.

The National Council of Teachers of Mathematics (NCTM) in the USA recently
- proposed that young children experience both two and three-dimensional geometry
so that they can develop a sense of space, relationships in space and awareness of
geometry in their environment INCTM, 1989). These authors use the term “spatial
sense” to refer to what has been known by a variety of other labels, from spatial
visualisation, spatial reasoning, spatial perception, and visual imagery to mental
rotations. According to the NCTM (1989), “investigation of geometry is a natural
activity that young children engage in as they seek to make sense of their world”.

The current situation in many countries including South Africa groups children of
different cultural backgrounds together in one classroom. Different descriptive
modes are created to describe where in space (or space-time) objects and events
occur relative to each other. Depending on what is important to them, each culture
establishes its own spatial/temporal conventions. For every people or culture, their
own physical and conceptual structuring of space-time is such an integral part of
their world and their world view that it seems both obvious and natural (Ascher,

1991).

The aims of this research will be to investigate the development of the spatial
knowledge of vyoung children as they progress from a situation of orientating
themselves in space to a situation of insight into the spatial situations that they

perceive.

South Africa finds itself in a situation where the total curriculum (that includes
mathematics) for the formal school years (primary and secondary) is under
mvestigation. Research of this nature should be able to give much needed direction

to decisions that need to be made about key issues like:
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e What is the influence of culture and language on the spatial development of
the young child?

e Do people who have different worldviews necessarily need to be guided along

other paths when it involves the spatial development of the mind of the child?

e What should the nature of the spatial (geometry) contents be that needs to be
taught to children at different age levels?

e Which methods should be employed to ensure optimal development of spatial
learning? ‘

e What kinds of teaching aids are practical and affordable when teaching
children about spatial matters?

e What types of assessment strategies need to be employed to evaluate the

progress of children?
e What will the effect of this knowledge about the ways in which young children

think about space have on the training or in-service training of teachers?

e What are the benefits of following the development of the spatial knowledge

of young children over an extended peniod of time?

e What needs to be done in terms of the traimming and development of future

researchers in this kind or research approach?

e What is the possibility of implementing such a program on a large scale?

1.3 Aims of the research.

This investigation took place in a grade one multi-cultural classroom in a rural area of

the Northem Province in South Africa. The children were between the ages of 6 and 8
years and were taught through the medium of English.

The objective will be to describe the “conditions” under which this teaching and

learning took place and includes investigating the following issues:

e The nature of the classroom culture.
e The influence of the different cultural backgrounds of the children.
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e The teaching philosophy employed by the researcher as well as the class teacher.

e The design and development of the appropriate materials and activities for the

progress from orientation in space to insight into space.

o The utilisation of the different execution media (writing, talking, drawing
and constructing) in the teaching and learmming of spatial concepts. This
includes: communication of events and objects through writing and drawings,
direct and indirect observation of three-dimensional and two-dimensional
situations, the verbal description of an object or situations, the mental
imaging of situations and objects, utilising the mental images to solve

- problems and the taking of a viewpoint (mentally and physically).
e The evaluation of the progress (process as well as product) of the children

in a qualitative as well as a quantitative way.

- This implies that the researcher on the one haild had the intention of investigating
the spatial knowledge per se of the children, and on the other hand refining a
specific research methodology namely “developmental research” (see section 3.4.6).
Cooney (1994:613) is of the opinion that because of the current emphasis on
cognition and context, there is a dramatic shift away from the use of quantitative

methodologies based on a positivist framework to that of interpretative research.
1.4 Research design
1.4.1 Literature Study

A Dialog search was done with the following descriptors: spatial development,
geometry, spatial perception, pre-school children, kindergarten children and young
children. The aim with this literature study was to identify all the relevant literature
and research projects that had been conducted in similar areas of spatial

development all over the world.



9
The literature study is tightly interwoven with the practical component (see section
3.4.6) and can be divided into three phases:

e First phase

A pilot curriculum was drawn up using the literature acquired. The pilot
mstructional units (pilot materials) were then designed by adhering to specific
geometric objectives as well as didactical objectives as prescribed by the
literature. It is important that the mathematical hierarchy of development as well
as the didactical hierarchy be taken into consideration throughout the design of
the units. The major objective with this phase was to investigate how young

children’s minds work when they are confronted with these kinds of materials.

e Second phase

The pilot materials were researched by the researcher in the classroom. For this
type of research, it is preferable that the teacher of the specific group that is
working with the materials 1s part of the research situation. Both the independent
researcher and the teacher have a very valuable role to play. In most cases the
researcher will be able to supply important mathematical knowledge, whereas the
teacher who knows the specific cultural and historical background of the children
will have to supply that. Both these components have a very important effect on

the implementation of such a new subject.

e Third phase

During this phase fhe original material which was strongly guided by the
Iiterature study was changed to fit the specific needs of the group that the
researcher was working with. The redesigned materials were then again tested on
these children either during the next period, or at a later stage with children with
a background similar to that of the original group. This is an ongoing situation
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and it can be implemented from period to period or from one cultural group to

another.

This phase is marked by the active participation of the teacher in formulating the
goals and objectives for the specific group they are working with. If this phase is
- done in a proper way, the general as well as the specific character of each
teaching unit will be brought to the surface. This information is very important
when it comes to the INSET and PRESET phases of the research development.

FIGURE 1.1 RESEARCH DESIGN

RE-DESIGN OF Teachers
THE PILOT Subject specialists
‘ A
1 2 |
DESIGN OF THE PILOT TEST THE PILOT INSET and
CURRICULUM AND —P»| MATERIALS THROUGH | —Jp | PRESETteacher
PILOT MATERIALS RESEARCH training

Researchers
Teachers Teacher-trainers

ubject Specialists
In Geometry and Didactics
of Mathematics

.y

IMPLEMENTATION

Figure 1.1 gives an outline of the cyclic nature of the different phases in the design

of a developmental approach to research. The final result from such a research
endeavour is the design of a dynamic curriculum in which children, teachers,

subject specialists as well as theory play a crucial role.
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The research was supported by two visits made to the Freudenthal Institute in The
Netherlands and discussions were held amongst others with P. M. Van Hiele, K.
Gravemeijer, L. Streefland and E. De Moor, working on the development of a
geometry curriculum for primary schools in The Netherlands. A Colloquium at the
Dortmund University in Germany was presented under the title: “Research on the
spatial development of junior primary pupils”. A workshop as well as an article was
presented at the “11th Panama Najaarsconferentie” in 1995 with the title: “4-Kubers
in Suid-Afrika”.

1.4.2 Empirical study

The research was done in the form of a diagnostic teaching experiment in a multi-
cultural grade one classroom in Sduth Africa. The aim was{to acquire insight into the
thought processes of children while they were imvolved in different spatial
development activities. Gravemeijer (1994:449) is of the opinion that this implies
that the researcher will envision how the teaching-learning experience will proceed,
and afterwards will try to find evidence mn a teaching experiment that shows
whether the expectations have been right or wrong. This leads to a cyclic process of
development and research which is theoretically and empirically sound in the end
(Gravemeijer, 1994:450). In developmental research, knowledge gain is the main
concern. The focus is on building theory, explicating imphicit theories.

The following procedure was decided upon:

Each teaching episode was to be video-recorded. After these sessions the video
materials would be studied in order to gain insight into the child's way of thinking,
so that the appropriate materials and activities could be designed for the following
teaching session. Atire'gular intervals these activities would also be sﬁpported by

personal interviews with the teachers and the children.

The video-recorded classroom activities are part of the gathering of research data,

apart from the field notes that the researcher makes Wh/ile the class 1s in progress.
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One such class activity takes about one hour. After video-recording the activities,
the information is transcribed by the researchers and teacher that might have been
involved in the classroom activities. The transcription of such data plus the time it
takes for a classroom activity of one hour are subdivided into three main categories

namely (1) data collection, (ii) data interpretation and (iii) materials design.

(1) Data collection

All the physical materials (drawings, written calculation, and models built) that are
generated by the children are collected and categorised, together with the
transcription data (written notes made by the researcher of the verbal conversations

of the children). The video materials are transcribed in three different ways:

e Verbal transcription

The actual conversations of all the participants during the activities are written
down after the researcher has listened to and looked at the video and the sound

recordings of the video material.

e Construction activities transcription

The construction activities (cutting, folding, building, etc.) concerning the
utilisation of the different equipment as well as the physical solution strategies

that are employed by the children while solving the problems, are copied down.

e Pictorial or written material transcription -

All the activities that involve the process of drawing and writing during the
classroom activities are copied by the researcher after viewing the video

recordings, in other words, not only the end product but the whole process that
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the child engages in from the moment that the drawing is started until the

completion of the drawing.
(i1) Data interpretation

All the data that have been gathered under point (1) are interpreted qualitatively and
quantitatively, depending on the nature of the data.

(111) Materials design

After the interpretation of the data the materials and activities for the next period are

designed. This includes workcharts for the children.
1.5 Value of the research

The current trend in the rest of the world to acknowledge the importance of the
spatial development of the young child emphasises the importance of such a study.
South Africa has a unique multi-cultural society (with possible different
worldviews) speaking different languages. Pinxten, Van Dooren and Harvey
(1983:157-160) have gone as far as to identify some important differences between
what they call “Western” space and the non-western Navajo (American Indian)
space. Ascher (1991:133) points to the important fact that the language of a culture
creates and reinforces particular shared habits of thought and shared habits of
observation. Once this research has been completed in South Affica it may also
serve as a “model” for other African countries which are still making use of

curricula that they have inherited from their “colonial” pasts.
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1.6 Terminology
1.6.1 Subject didactical approach

For the purpose of this document the definition of subject didactics of Human
(1987:125) will serve to define the term. According to Human, subject didactics
deals with didactical learning-and-developmental psychological-issues, philosophy
‘of life, fundamental anthropological, historical and cultural, sociological and
comparative curriculum as well as subject epistemological issues. In the subject
didactics the focal point is identifying, describing and explaining the subject
specific issues with the intention to effectively control the subject content, by the

teachers, curriculum designers and other subject leaders in the field.

1.6.2 Spatial development of the young child

The NCTM use the term spatial sense to refer to what has been known by a variety
of labels from spatial visualisation, spatial perception, and visual imagery to mental
rotations. Wheatly (1990:10) suggests that it should be called spatial sense in terms
of imagery. According to Kosslyn (1983:121), imagery involves the construction,
representation and transformation of self-generated images. For the rest of this

document the two terms namely spatial sense or spatial development will be used.
1.6.3 Problem-centred approach

The term problem-centredness, according to Human, Murray, Olivier, and Du Toit
(1993: 11), could be defined as an approach which has as focus the development of
problem-solving skills of both routine and non routine problems and real life
situations within a mathematical framework. Problem solving should also be utilised.
as the basic way of leaming, in other words, children should learn through solving

problems.
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1.6.4 Western worldview

This refers to a certain worldview that has dominated the world, both economically
and through science and technology. People who subscribe to this worldview hold
‘values that are dominated by the need for progress, development, improvement,
evolution, and the linear unfolding of time (Peat, 1994: xiii). By this the author does

not imply that all people who live in Western societies subscribe to-this worldview.

Examples of Western scientists with views that do not subscribe to the above-

mentioned Western approaches to science are (Peat, 1994:6,7):

e Quantum physicists who stress the irreducible link that exist between observer
and observed.

e Physicists who speak of an order in which the whole 1s enfolded within each
part.

e Physicists who are of the opinion that the essential matter of the universe
cannot be reduced to billiard-ball atoms, but exists as relationships and
fluctuations.

* Physicists who suggest that nature is not a collection of objects in interaction
but is a flux and process.

e Physicians who question the current medical models and suggest that healing
involves the whole body.

* Ecologists who stress that attention should be given to the interconnectedness
of nature and the sensitivity and complexity of natural systems.

1.6.5 Indigenous worldview
It is a worldview in which time and space, as known from the Newtoman

perspective of the universe, do not exist. Within the Indigenous world the act of

coming to knowledge involves a personal transformation. The knower and the

LA
N
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known are linked and both are changed during the process (Peat, 1994:6). The
Indigénous worldview is not something that can be reduced to a catalogue of facts.
The reason for this is that it is a dynamic and living process that involves man and

an ever-changing universe as a whole.
1.7 Progress of the investigation
The way 1 which the rest of this research will be discussed-is as follows:

Chapter 2 gives an overview of the different philosophical perspectives that have
influenced and are still influencing the views on the development of the spatial
development of the young child.

In Chapter 3 the different research approaches that have been employed to study the
spatial development of young children are discussed.

Chapter 4 gives a theoretical framework for the development of the spatial
competence of the young child.

In Chapter 5 the spatial development of the young child is investigated through an

empirical teaching experiment utilising wooden playblocks and soma cubes.

The work in Chapter 6 1s an extension of the teaching experiment described in the
previous chapter but through the use of six different solid objects (cubes,
rectangular prisms, triangular prisms, square-based pyramids, tetrahedrals and
cylinders). The focus is on designing the foldouts (nets) of the differéﬁfdbj ects.

In Chapter 7 the research findings are put in perspective with what is known about
the spatial development of the young child through the literature and what was
found during the empirical part of the research. The chapter concludes with

recommendations and motivation for the extension of such a research project.
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CHAPTER 2

PHILOSOPHICAL PERSPECTIVES CONTRIBUTING TO THE
UNDERSTANDING OF THE SPATIAL DEVELOPMENT OF YOUNG
CHILDREN

2.1 Introduction

The problem of the development of spatial understanding in young children has been
studied through different research approaches. The research approach that a researcher
takes is always imbedded in and influenced by the beliefs of the specific researcher as
well as the research community at that time. A critical component of the belief system
of a research community 1s the theoretical framework which they consider as the

guidelines for their empirical work.

The spatial development of the child is a multifaceted component of the child’s total
development. In the light of this it is important to take cognisance of the different
views that have contributed to the vast body of theoretical information regarding the
spatial development of the young child.

During the last decade of the twentieth century researchers and scholars have
continued to draw heavily on the work of two authors, namely Piaget and Vygotsky
(Confrey 1993:2). These authors have contributed greatly to the overall understanding
of how children view the world and how humans interact within a cultural and historic
setting: They have also contributed to the specific understanding of the way i which
young children develop their spatial skills. The work of the different authors will be
discussed within the context of the specific learning and teaching philosophies that

they embrace.



18

In discussing the different theories of the different authors, Confrey (1993: 2) focuses
on the fact that a variety of factors have created a critical need to revise such theories.
Some of the factors include issues such as changing demographics, a reform climate in
education, the creation of new technologies, the pressure of environment concerns, and
issues of power and oppression. It is in the light of this that the theories of several
other authors are also discussed in order to give a broader, more contemporary
perspective about the knowledge of the spatial development the young child both in
and outside of the formal school setting.

2.2 Indigenous perspective
2.2.1 Orientation

Nelson-Barber and Estrin (1995:178) state that we should consider the customary ways
of knowing and acquiring knowledge of a specific group of learners. The Indigenous
perspective on science differs radically from the traditional Western way of looking at
knowledge in terms of factual information, information that can be structured and
passed on through books, lectures or programmed courses (Peat, 1994:5). Within the
Indigenous world knowledge is seen as the act of coming to know something which
mvolves a personal transformation. One of the biggest mistakes that can be made when
looking at indigenous learning is to disregard the fact that it is a dynamic and living
process and an aspect of the ever-changing, ever-renewing processes of nature (Peat,
1994:6).

Space is not conceived of as separate from time and motion. Spatial boundaries are not
independent of the processes of which they are part, so that segmenting space in an
“arbitrary and static way” without accounting for flux over time is senseless (Ascher,

1991:129).
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To enter this domain is, according to Peat (1994:4), to question what is meant by space
and time, animate and inanimate, individual and society, dreams and visions,

perceptions and reality, causality and synchronity.
2.2.2 Space and time

According to Kearney (1984:99), two views of time can be distinguished amongst all
cultures namely the oscillating and the linear view. Only one of these views is mostly

dominant in a culture (Kearney, 1984:98).

The oscillating view of time can be compared to the swing of a pendulum between two
extremes. This view, according to Keamey (1984:99), can be compared to the natural
cycles of for example the seasons, which follow one another in a circular way. The
linear view of time is based on the idea of non-repetitiveness and can be compared to
the situation where life is viewed as the irreversible process of birth, ageing and death

(Kearney, 1984:101).

This linear perspective of time, as conceived by Isaac Newton, was an ever-flowing
stream that moved, without resistance or change of pace, from the past into the future
(Peat, 1994:199). This is sﬁ]l the view of many people living in the Western world. For
many Western people time is ever-flowing, linear and totally independent of man and
all the workings of the cosmos (Nelson-Barber & Estrin, 1995:178). Time 1s seen as
being independent of all physical laws and processes. For many of these people time is
something that is registerré\d‘ by watches and clocks (Peat, 1994:203).

The opposite perspective to this view which Indigenous people have of time, 1s that
time is alive and not independent of nature and man. Peat (1995:199) mentions that
time is alive and not independent of man or nature for many of the Indigenous people
in America. In the case of the American Indians they perceive time as cycles with
which they seek relationships (Peat, 1995:200). The result of this approach is that in
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many of these cases people do not plan for the future. The group as a whole will rather
act when they together feel that the time is right to act after concencus has been
reached. This implies that the very nature of time for many of these people is different
from that which is experienced by people who live in a highly technological developed
country. It seems that people living in closer correspondence with nature like the
American Indian, have access to dimensions within the spirit of time that is not part of
the way in which technologically advanced people live (Peat, 1995:203).

According to Engelbrecht (1974:32), the space of the Indigenous African people is
very closely linked to the physical world in which they live. They do not only measure
space, they actually live it.

2.2.3 Animate and inanimate

According to Peat (1994:231), in the world of the Indigenous people of America the
mmportant distinctions that are made within their languages are between the animate
and the inanimate. In the same way that gender is assigned to objects in languages like
French and Spanish, objects are seen as being animate or inanimate in the Indigenous
languages of the American Indians. The problem, though, according to Peat (1994:
230), arises in discovering on what basis animate or inanimate perceptions are assigned

to certain objects in these languages.

According to Peat (1994:232), in some instances objects are_regarded as animate
depending on the relationship of the specific object to tﬁeﬁspeaker. That same object
can be regarded as inanimate when this relationship between the object and the speaker

changes.

Monnig (1967:53) states that the way in which the Pedi, which is a Indigenous group
in South Africa view the sun, the moon and the stars is strongly soul-invested. They

view these as having powers that are active on their own, mostly connected with the
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weather and architecture. Monnig (1967:53) elaborates on this by saying that some
other objects in nature seem to have latent powers, but when they are adversely
affected by man, they become active and can use their powers contrary to the desire of

man.
2.2.4 The individual and society

Within many Indigenous societies there exist an insistence upon relationships rather
than objects as the primary reality, and this is accompanied by the ensuing view of
fluidity of boundaries and constant transformations of form (Peat, 1994:299). The
indigenous person 1s always part of a much greater entity and each individual is an

expression of the group.

Nelson-Barber and Estrin (1995:176) state that learning styles are also affected by
one’s environment. For example, “discovery learning” may be discouraged in an
environment fraught with physical dangers as is the case for many traditionally-raised
Indian children. In some cultures such as Navajo and Chipewyan, adults do not pay
much attention to children to correct them, because the adult would need to continually
monitor their obedience (Nelson-Barber & Estrin, 1995:177).

Kearney (1984:73) calls the relationship of the African person with his or her fellow
man the “ecological” relationship. In this relationship people see themselves as very
closely related to one another. Keamey (1984:74) distinguishes between two aspects
of this view, namely the relationship of the individual with other people and the
relationship of the individual with nature. The ‘self’ is seen as part of the group in such
a way that this relationship forms a harmonious whole, not only within the group but
with the total environment and nature. The individual is dependent on the group for his
or her survival. This view is very well expressed in the phrase: “Umuntu ngumuntu
ngomunye” (A person is only a person through other persons), which is very often
expressed amongst African people (Muthwadini, 1990:32).
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2.2.5 Dreams and visions

According to Peat (1994:272), in many Indigenous groups knowledge and.initiation
come through dreams. Peat states that this way of gaining insight is not restricted to
Indigenous ways of thinking because it is well known that many great discoveries of

Western science have come about through sudden “inspiration” or “insights”.

Harris (1991:53) states that the whole of the traditional Aboriginal life and thought is
dominated by the concept of the ‘Dreamtime’ or ‘Dreaming’. This ‘dreaming’ is a
view of life which explains life as a sacred, heroic time of the indefinitely remote past,
which is in a sense still part of the present realities of Aborigine life (Harris, 1991:53).

Monnig (1967:57) says that the main method of communication between the Pedi
(Indigenous African people) ancestor spirits and their living descendants is through
dreams. The living can communicate directly but one-sidedly with their ancestors
through prayers. The ancestors, on the other hand, cannot speak directly to the living,

and can only express their desires by visiting them in their dreams.

Within many of the African groups the ‘unseen’ is viewed as having both a personal
and impersonal nature (Coertze, 1973:242-243). The personal view of the unseen can
be linked to a belief in God as well as in some form of supernatural powers. The
‘spirits’ of the deceased are also viewed as powers that can influence people’s lives.
These supernatural powers cannot be manipulated by individuals. The impersonal view
of the unseen is linked to a belief in some form of ‘spirit’ that can be manipulated by
individuals for the purpose of doing good or evil deeds. These different spirits are

called by different names and they can communicate with the living through dreams
and visions as well as through natural phenomena like changing of the seasons and
thunder (Hammond-Tooke, 1974:323).
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2.2.6 Perception

Within the Indigenous society the eye is not viewed as the exclusively dominant
instrument of perception (Peat, 1994:276). Indigenous people rely very heavily on the
ear to reveal a world of energies and vibrations. Amongst the Maori, Polynesian, and
Inwuit, greetings do not involve “rubbing noses” but taking in the smell of the other
person. To such people smells are important dimensions through which to perceive

reality.

Peat (1994:276) states that for Indigenous people the instrument of perception also
involves the total being of the person, and this allows the person to move beyond what

is normally called “rational thought”.
2.2.7 Causality and synchronity

Although Indigenous people acknowledge the importance of cause, the inner nature of
these causes appears to be substantially different from those in the West (Peat,
1994:259). To the Indigenous person some causes involve the action of spirits and

energies (Peat, 1994:258).

For the African, not all events are explained by logical explanations in the form of
formulas, numbers and concepts (Tempels, 1946:34). The role of spirits and forces as
causes of events is very heavily emphasised in many African cultures (Coertze,

1973:14).

Kiernan (1981:10) warmns that any worldview should be conceived, primarily, as a
space-time framework for the conduct of social life. He states that it is important to
remember that under modern conditions, it must be expected that a worldview will
take cognisance of an expansion in the universe of social discourse. He also focuses on

the fact that in many cases it would not be permissible to speak of for example, the
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Zulu (Indigenous African people) worldview without qualification. There is, according

to him not one single Zulu worldview, but many.
2.3 Socio-cultural perspective
2.3.1 Orientation

According to Cobb (1994a:13), two major trends can be identified in the research of
mathematics education. The first one is the generally accepted view that learners are
actively involved and responsible for the construction of their own mathematical
knowledge. The theoretical arguments that form the basis for these arguments have an
epistemological foundation which was advanced by the work of von Glasersfeld
(1987). This view of constructing knowledge (constructivism) has secondly being
influenced by the emphasis on the social and cultural situated nature of a mathematics
activity. According to Cobb (1994a:13), the theoretical basis for this view is also
inspired by the work of Vygotsky and the work of the Activity theorists like Davydof,

Leont’ ev and Galperin.

Theorists have focused upon different sources of influence regarding the acquisition
and use of spatial knowledge. One such source of influence is that of linguistic or
symbolic systems. According to Confrey (1993:11), Vygotsky’s central tenet is that

socio-cultural factors are essential in the development of the mind.
2.3.2 Vygotsky

For Vygotsky (1962:60) language is gradually internalised as private speech in the
course of development and, as a consequence, the very structure of language becomes
a vehicle of thought. He is thus of the opinion that concept formation is the result of a
complex activity in which all the basic intellectual functions take place. The relevance
that his theory has for application to the spatial development of the child can be seen in
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the importance of the role of the visual experiences of the child which is gradually
supported by an extended use of the appropriate language.

According to Taylor (1993:3), the three major themes that emerge from Vygotsky’s
integrated theory of mind are:
¢ The developmental method emphasises the origins, history and process of life-
span development. This goes beyond developmental psychologists® typical focus
on child development.
e Higher (uniquely human) mental functioning has social origins and a “quasi-
social” nature. This is in direct contrast to Piaget’s emphasis on individual rather
than social functioning.
e Higher mental functioning is mediated by socio-culturally evolved tools and
signs. The sign and the symbols of a culture influence individual development.
This idea has been used in studies of language development; it seems equally

applicable to mathematical development.

The question whether the mind 1s located in the head or in the individual-in-social-
interaction, and whether mathematical learning is primarily a process of active
cognitive reorganisation of enculturation into a community of practice, is currently in

dispute (Cobb, 1994a:13).
2.4 Constructivist perspective

2.4.1. Orientation

The Constructivists tend to characterise the role of signs and symbols as a means by
which students express and communicate their mathematical thinking, whereas socio-
cultural theorists treat them as carriers of either established mathematical meanmgs or
of a practice’s intellectual heritage. Cobb (1994a:13) is of the opimion that
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mathematical learning should be viewed as “ both a process of active indrvidual
construction and a process of acculturation into the mathematical practices of a wider

society”.

According to Cobb (1994a:4) the antecedents of constructivism can be traced to
Piaget’s genetic epistemology, to ethnomethodology and to symbolic interactionism.
Confrey(1993:3) distinguishes between social constructivism and radical

constructivism in the following ways:

“Constructivists argue for the importance of children’s active participation in the building up
of concepts. They reject the view that children’s minds are blank slates, and they believe
that there must be significant discussion and interaction around the variety of strategies that
students propose. However for them the endpoint of instruction, the character of
mathematical knowledge, is seldom questioned. Constructivists generally seek to reproduce
in their students the same mathematical ideas that they themselves hold and that dominate
modem mathematics. Little investigation is made of the meaning of mathematical ideas
through historical, cross-cultural or cross-disciplinary methods. Generally constructivism is
replicative in its goals and only modestly re-visionary. The methods of instruction are

reformed, and the focus is more psychological than epistemological.

“Radical constructivism is a theory whose roots lie in a rejection of illegitimate claims for
epistemological certainty. If one accepts that knowledge cannot be shown to represent
reality in some iconic way, as a picture of the world, then one is left with more subjective
construction of reality, subjective in the sense that one abandons the effort to factor the
human subject out of the process. Although the radical constructivist is relativistic in
contrast to the realist, that relativism is tempered by stability that is achieved by the
individual in relation to his or her own experience. Others exert a significant influence on
those experiences. The radical constructivist program assumes that the individual 4make‘s
sense of experience in order to satisfy an essential need to gain predictability and control
over one’s environment. Many of the efforts of researchers in this tradition have been
devoted to describing how the individual builds up (rather than passively acquires)
knowledge of the world. ”
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Cobb (1994a:13) states that the conflict between radical constructivist and
sociocultural perspectives lies in the role that is ascribed to teaching. Von Glasersfeld
(1991:xv1) emphasises this view by saying that the most important features of radical
constructivism are the sharp distinction that is drawn between teaching and training.
He states that radical constructivists aim at generating understanding while the second

emphasises competent performance.

Confrey (1993:9) suggests three limitations of the radical constructivistic programme:

e Many Constructivists assume an incremental view of knowledge construction.
Most of the research m this field has focused on the primary and elementary
grades. It is suggested that work need to be done in the secondary phases where a
less incremental view of knowledge is needed “in which complexity can be lived

in and comprehended with increasing depth”.

e Constructivist approaches can be criticised for positing a universalist or
essentialist view of cognition across classification except age. It has lead to the
documentation of diversity in student methods, but little or no discussion exists in
the literature to explain systematic differences among classification of student
participants according to culture, race or gender. One possible explanation lies in
the tendency for the constructivist programme to assert heavy dependence on the

autonomy of the mndividual.

e Constructivism may lack an adequate theory of instruction. In constructivist
classrooms, the students are encouraged to articulate their views and explain how
they think. In many cases though, the teachers, when required to make use of the
diversity of ideas, find themselves at a loss. The teachers are also afraid of
“telling” because of the belief that all constructivists commits them to refusing to

inform the discussion with expert opinion or to bring the discussion to premature
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closure. As a result of this, constructivist classrooms can lack direction and

progress.

The above-mentioned limitations could be addressed if researchers and teachers start
viewing the constructivist approach as a “guideline” for the development of personal
models concerning teaching. Steffe and Kieren (1994:728)  state: “Because
constructivist research has sought means by which persons can construct their own
mathematical knowledge structures, one of the products of such research has been the
descriptions of a variety of constructs (e.g. various kinds and levels of units pertaining
to natural numbers, rational numbers, and ratios) and constructive mechanisms (for
example unitising operations, partitioning operations, proportionality operations, unit
compositions, and decompositions).” According to Steffe and Kieren (1994:728), these
descriptions can benefit the practising teacher in two ways. First, they provide a guide
to teachers for listening to and observing learners and secondly, they provide potential

sources for content and organisation of various mathematical curricula.

The primary contribution, according to Confrey (1993:7) that radical constructivism
has made to mathematics education, “has been to challenge the stark evaluative climate
of the mathematics classroom...they have legitimated diversity among individuals as a
fundamental part of learning”. Confrey (1993:8) states that radical constructivism has
also raised the importance of the epistemological issues and has “effectively
challenged the passive mode of learning, putting into practice the use of manipulatives,
contextualised problems, the use of small group work, and the co-ordination of actions,
operations and representations”. Von Glasersfeld (1991:xix) adds to this view by
stating that radical constructivism is a theory of active knowing rather than a
traditional theory of knowledge or epistemology.

According to Confrey (1993:3), the work of Piaget is well suited to form a conceptual
link between the philosophy of science and learning theories. According to her, Piaget
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was also able to demonstrate the development in children of fundamental organising

concepts such as space, time and number.

2.4.2 Piaget

The work of Piaget and Inhelder (1956:3-43) on children's conception of space can be
divided into two major themes. Firstly, that representations of space are cons\tructed
through the progressive organisation of the child's motor and intemalised actions,
resulting in operational systems. Secondly, that the progressive organisation of
geometric ideas follows a definite order, and this order is more logical than historical
in that initially topological relations (for example, connectedness, enclosure, and
continuity) are constructed, and only later, projective (rectilinearity) and Euclidean
(angularity, parallelism, and distance) relations. This has been termed the topological

primacy thesis.

Piaget and Inhelder's theory of children’s conception of space has been widely
influential and widely criticised. One criticism by Freudenthal (1983:232) has been
that their use of terms such as topological, separation, proximity, and Euclidean, as
well as the application of these related concepts to the development of their studies,
are not mathematically correct. Freudenthal (1983:232-238) goes on to elaborate on
the reasons for these in his work called “Didactical Phenomenology of Mathematical
Structures”. Freudenthal (1983:225) summarises the situation with these words: “If one
looks only at the titles, theoretical introductions and conclusions of the chapters, and
sections of Piaget-Inhelder’s work, one can indeed get convinced that the authors have
tried to investigate the child’s conceptual approach to space or rather to ﬁnd out which
features of some adult conceptual approach to space can be traced in the children’s

mind.”
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According to Montangero (1976:101), Piagets' theory of intellectual development of
the child went through four stages. |

e 1923-1932

Piaget studied children’s' language, moral reasoning, etc. and described
development as a progression from a state of egocentrism to one where different
viewpoints are co-ordinated and where relationships with others are based upon

reciprocity.
o 1930s

Piaget conceived of development more in terms of adaptation with interaction no
longer distinguished between subject and subject but rather between subject and
object.

Piaget’s adaptational model stresses the functional aspects of knowledge namely
~ that to know something means that it must be incorporated into existing action
systems, and to gain knowledge requires that these action systems be

mcorporated into more and more action schemata.

e 1940s

Piaget turned from the functional aspects of knowing to address the structural
aspects of intellectual development. It was during this time that he wrote about

children’s conceptualisation of time, space, number, volume, etc.
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e 1960s

Piaget attempted a new synthesis which encompassed some of the dichotomies in
his theory between structures and functions of development, between the subject
and the object of knowledge, between biology and epistemology and between
action and thought. It was not until this time that his ideas were subjected to

mtense scrutiny and testing.

Piaget and Inhelder (1956:8) draw a distinction between operative and figurative
aspects of knowledge. The function of the figurative aspect is to furnish an
approximate imitation or copy of reality. Perception, imitation and mental imagery fall
under this heading. The latter, which Piaget considers to be an internalised imitation,
has thus an active component, but is basically suited to symbolise static aspects of
reality. The function of the operative aspect of knowledge is to transform reality and

this transformational character is specific of intelligence.

Two kinds of operations appear in children's thinking after the age of seven. First, the
logico-mathematical operations deal with discrete elements and consist, for instance, in
gathering elements into classes and including subclasses into a total class, interrelating
the difference between elements, in adding or subtracting the elements. Second, spatial
operations deal with continuous objects that they partition and then reconstruct. The
two kinds of operations are analogous but not identical.

Another distinction that permeates Piaget's work 1s the distinction between the logico-
mathematical and physical poles of knowledge. At the one pole the logico-
mathematical structures are drawn by reflective abstraction from the subject's actions
and allow for inference and ultimately deduction. They constitute structures that do not
exist in the object. At the opposite pole, the causal structures or physical knowledge
are in part drawn from empirical observations in the child's endeavour to explain

reality. These structures give account of the structures of the outer world such as
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spatial properties of objects or relations between physical variables. It must, however,
be stressed that physical knowledge does not stem from mere empirical observations,

but also involves reflective ab