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ABSTRACT

This thesis investigates nursery children’s knowledge, understanding and skills in pattern-
making as an aspect of early mathematical development. It presents two discrete but closely
related studies, a cross-sectional and a longitudinal study. The methodology includes use of
structured assessment activities using familiar play materials. Assessment focuses firstly on
different aspects of pattern-making; secondly, on pattern perception; and thirdly, on wider
aspects of developing cognition. The methodology includes collection of case study data in the
naturalistic setting of the nursery class.

The cross-sectional study, focused on knowledge, understanding and skills in pattern-making at
3Y: and 4Y; years, finds an increasing minority of children successful in repeated pattern-making
and 2D spatial pattern-making but not linear symmetrical pattern-making. Few children
evidence pattern perception at either age but an increasing minority evidences an emergent

understanding of the word ‘pattern.’

The longitudinal study tracks children’s development towards and within pattern-making from
3% to 4% years. It details development in two key aspects of pattern-making, colour and spatial
organisation, through case study data. An examination of commonalities in development leads
to hypothesised developmental pathways in both aspects of pattern-making, A single pathway
leads towards complex colour organisation. Distinct pathways lead to basic and complex spatial
organisation and to the basic elements of pattern. Pathways to 2D spatial pattern-making are
more varied than pathways to repeated pattern-making. Quantitative analysis confirms key
features of the pathways although some findings remain tentative.

Differences in the detail of individual pathways are highlighted, as are wide differences in
children’s rates of development and in their interests and motivation. There are no findings of
significant gender-related differences. Children’s competencies in the colour organisation strand
of pattern-making are significantly associated with abilities across key areas of developing
cognition. Spatial organisation competencies are at first associated with a narrow range of
primarily spatial abilities but this extends to include number and rhythmic abilities at 4! years.
The study confirms and extends some earlier findings, and also presents new findings. Findings
lead to questioning of guidance on curriculum goals and pedagogy for the age-group. They
highlight a need to acknowledge the creativity of many young children in this area of
mathematics.
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INTRODUCTION

Over the last two centuries, there have been many changes to the content of the
mathematics curriculum for young children in the English education system. Similarly, there
have been many changes in pedagogical approaches to the implementation of this curriculum
(Gordon and Lawton 1978). Over recent decades, the focus on pattern as a strand of the early
years mathematics curriculum has been subject to particular change. Most recently, as the pace
of change has quickened, different aspects and approaches to work with pattern have been
highlighted in the informal and more recently formalised curricula for young children from three
to five years of age.

At times, curriculum change in mathematics for the youngest children in the education
system has been closely allied to change within the wider context of the infant or primary school
curriculum. At other times, for example with the introduction of the National Curriculum, the
model of the secondary school curriculum has impacted on curriculum change for the youngest
children (Anning 1997).

Additionally, there have been changes to the presented rationale for the mathematics
curriculum over the years. From the 1950’s onwards, statements from educators and academics
about the mathematics curriculum have often placed pattern at the very heart of this curriculum.
Fletcher’s views place him in the mainstream of recent thinking about the mathematics
curriculum:

Mathematics is concerned with structural relations between concepts of number and the

application of these concepts to environmental situations. These structural relations

(which can be considered as algebra) form patterns, and it is the discovery, classifying

and superimposing of these patterns that form the essence of mathematical activity and

thinking. (Fletcher 1970, p.2)

In recent decades, curricula and related guidance have been developed in particular from this
influential perspective (Frobisher et al. 1999).

Over the last decade of the 20" century, prescribed change to the mathematics
curriculum and to the place of pattern within this curriculum has impacted on the mathematical
learning of increasing numbers of young children across a widening range of early years settings.
Change in the form of a statutory mathematics curriculum first impacted on five year olds in
school reception classes with the introduction of Mathematics in the National Curriculum (DES
1989). More recently with the Desirable Outcomes for Children’s Learning (DfEE 1998),
change has impacted on the mathematics curriculum for young children in nursery schools and
classes, as well as many young children in playgroups and a variety of day-care settings,
including private nurseries and early years centres. With the implementation of the Curriculum
Guidance for the Foundation Stage (DfEE 2000) from September 2000, there are newly
prescribed goals for the mathematical learning of all children in the now wide range of state
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funded educare settings. These prescribed goals are for children of three to children at the end of
their reception year.

AIMS AND OVERVIEW OF THE STUDY
AIMS

As a nursery teacher, working within a primary school, my particular interests in young
children’s creativity and their mathematical learning were the starting points for this study. These
interests came together through my involvement with and observation of young children as
pattern-makers in a nursery classroom, using a wide range of creative and mathematical
materials.

As a primary teacher from the early 1970’s onwards, I had also experienced the impact
of the frequent changes to content and pedagogy that characterised the primary curriculum in the
second half of the 20" Century. With my particular interest in pattern within the early years
mathematics curriculum, I set out on this study in response to the particular changes in emphases
on the place of pattern within this curricutum.

We are working in a period of rapid curriculum change, with complex political and
economic forces impacting on the development of curricula (DfEE 1997). I therefore believe
that it is important that any reformulation of mathematical goals and guidance on pedagogy be
informed by detailed knowledge and understanding of firstly, young children’s competencies
and secondly, effective approaches to teaching and learning. Where goals are prescriptive, as
with the ‘Curriculum Guidance for the Foundation Stage’ (DFEE 2000), it is particularly
important that both the goals for children’s learning and the guidance about development and
implementation of the curriculum are underpinned by relevant research.

Set in the context outlined above, the broad aim of this study was firstly, to evaluate the
research base underpinning recent changes to the focus on pattern within the early years
mathematics curriculum, identifying any gaps or areas of relative weakness in this base.
Secondly, and contingent on the results of this evaluation, the aim was to undertake empirical
research focused on one or more of the areas of identified weakness, in order to inform any

future reformulation of curriculum goals and guidance.

OVERVIEW
Chapter 1

Moving on from the initial presentation of aims, the first chapter details the background
to the study, with a summary of changes to the early years mathematics curriculum and the place
of pattern within that curriculum over the last two centuries. The summary focuses in particular
on changes to the content of the curriculum and changes to pedagogy over the last half century.
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To conclude this summary, the recently introduced foundation stage mathematics curriculum and
its particular approach to pattern is presented. Finally, the chapter ends with a presentation of the
key issues raised by the historical background.

Chapter 2

Following this historical overview, Chapter 2 presents a review of the research literature
relating to the pattern related competencies of young childrens. The first part of the literature
review focuses on young children’s knowledge, understanding and skills in repeating pattern
work. It also includes a focus on developmental issues and theories relating to young children’s
competencies in the area of repeated pattern-making. The second part of the literature review
focuses on young children’s knowledge, understanding and skills in identifying and making 2D
shapes and patterns. Again, developmental issues are considered as well as relevant theoretical
work. The literature review concludes with an evaluation of the research base underpinning
recent changes to the focus on pattern within the early years mathematics curriculum.

With this evaluation and the identification of areas of weakness in the research base
completed, Chapter 2 then begins the process of framing the research questions to be taken
forward into the main study. The literature review, however, supports the delineation of a broad
area of focus for the main study only. It does not, in Chapter 2, support framing of the precise
research questions to be investigated in the main study. The process of framing these questions is
delayed until Chapter 3, until the initial and exploratory stage of the research has been
undertaken.

Chapters 3 and 4
Chapter 3 presents two pilot studies with distinct aims and methodologies. The aims of

the first pilot study are firstly, to explore a broad research focus on children’s pattern-making
activity in a nursery setting; secondly, to refine the broad research focus into a set of specific
research questions; and thirdly, to support the planning of an appropriate research strategy as
well as the methods and techniques to be employed in the main study. Chapter 3 presents an
outline of the methodology and the key findings of the first pilot study. It concludes with a
presentation of the five main study research questions arising from the study. The second part of
Chapter 3 focuses on the methodological issues raised by the first pilot study. Consideration of
these issues prepares the way for planning the methodology to be used in the main study.

In the third part of Chapter 3, the second pilot study is presented. Working from the
refined set of research questions relating to young children’s pattern related competencies, the
aims of this study are to trial, evaluate and amend firstly, new pattern assessment activities and
secondly, a set of wider assessment activities for use in the main study. In Chapter 3 these
assessment activities are presented and evaluated. This prepares the way for the presentation in
Chapter 4 of the finalised research design for the main study.



Chapter 5. 6 and 7
With the empirical research completed, the findings relating to each of the main study

research questions are presented in chapters 5, 6 and 7. Research questions are considered
individually and, where questions are closely related, as complementary. Both qualitative and the
quantitative data arising from the main study are presented.

The main focus of Chapter 5 is on the presentation of findings relating to the knowledge,
understanding and skills in pattern-making of young children at 3! and 4; years. The findings
relate firstly, to young children copying, continuing and devising linear repeated patterns;
secondly, to children devising spatial patterns; and thirdly to children co-ordinating colour and
spatial organisation in pattern-making. Finally, data relating to children’s declarative knowledge
and their understanding of pattern as a mathematical concept is presented..

The main focus of Chapter 6 is on the presentation of findings relating to the
development of young children’s knowledge, understanding and skills in pattern-making
between 32 and 4 years. Findings relating to two strands of pattern-making, colour
organisation and spatial organisation, and to children’s co-ordination of these strands are
presented. Additionally, the presentation of findings focuses on individual differences in
children’s knowledge, understanding and skills in pattern-making. Individual differences in
pathways towards pattern-making, as well as differences in children’s rates of development of
knowledge, understanding and skills in pattern-making are considered.

The main focus of Chapter 7 is on the presentation of findings relating to the ways that
individual differences in children’s knowledge, understanding and skills in pattern-making at 3'2

and 4 years are associated with differences across other dimensions of development.

Chapter 8

In the final chapter, Chapter 8, the research findings relating to young children’s pattern
related mathematical competencies are summarised and these findings are compared with the
findings of previous research. Differences in relation to earlier findings are noted and discussed.
The important new findings arising from the study are highlighted. Following this, the study’s
effectiveness is evaluated, firstly in answering the main study research questions and secondly, in
achieving its broader aims.

Chapter 8 then moves on to consider the implications of the study in terms of the focus
on pattern within the foundation stage mathematics curriculum. The implications for foundation
stage practitioners in terms of their planning for learning and teaching are reviewed.

Finally, some of the ways in which the research could be taken forward through future studies

are considered.



CHAPTER 1
HISTORICAL BACKGROUND

PATTERN AND THE E Y YEARS MATHEMATICS CURRICULUM

This section presents an outline of changes to both the pedagogy and the content of the
mathematics curriculum for 3 to 5 year olds, from the early 19™ century until the present day.
The mathematics curriculum for this age group is examined within the wider context of both the
early years curriculum for 3 to 7 year olds and the primary curriculum. Particular consideration
is given to the changing status, exemplification and rationale for any focus on ‘pattern’ and
‘pattern-making’ within the primary mathematics curriculum and in particular the mathematics
curriculum for the early years.

The extended historical background provides a context to support understanding of the
particular changes to the early years mathematics curriculum that have taken place over the last
half century, leading to prescribed early leaming goals within a foundation stage curriculum at
the beginning of the new century. Towards the end of the chapter, this new foundation stage
mathematics curriculum and its particular approach to pattern is presented. To conclude the
chapter, the issues raised by the review of the historical background are summarised

THE 19" CENTURY: CONTINUITIES AND CHANGE IN THE EARLY YEARS
CURRICULUM

Throughout the 19 century, there were many children in Britain who attended school
from as young as 3. Compulsory education for children over 5 did not begin until 1876.
Throughout the century, however, schools were used to provide a cheap form of child-minding
for many young, working-class children. The conditions were bleak and learning mainly
sedentary for most young children in the early dame schools, the monitorial schools and the
infant schools during this period (Anning 1997).

The young children of middle class families, however, were unlikely to be found in these
schools. While some attended private schools, many middle-class families employed private
tutors.

This segregation of educational settings in relation to social class was in keeping with
Utilitarianism, which Gordon and Lawton (1978, p.56) describe as “the dominant social theory”
of the period. One consequence of Utilitarianism as a social theory was the predominant view
that the school curriculum should be matched to the different roles that would be ascribed to
children from different social classes in their future lives. It was considered that a segregated
system best supported this match of education to social role.



The Mains Math ics iculum

Within this segregated education system the curriculum for the majority of young
children was narrow and the only aspect of mathematics likely to feature in this curriculum was
arithmetic, taught through drill. Gordon and Lawton (1978) outline the way that arithmetic was
viewed as a low status subject throughout the 19" century, useful only for the children of the
working classes. Consequently, arithmetic was taught in isolation from other more abstract
aspects of mathematics and was not considered as a suitable subject for children in the public
schools, where geometry and algebra were more likely to be taught. When ‘payment by results’
was introduced into the elementary schools in 1862, the system of rote learning and the narrow
mathematics curriculum were powerfully re-enforced.

For a minority of 3, 4 and 5 year olds, from working class and middle class families,
school life in this period was likely to offer more varied and probably more enjoyable
experiences than those outlined above. From the beginning of the 19" century, early childhood
education had been developing very gradually as a distinct phase of education. Spodek and
Brown (1993) describe some of the earliest experiments in the field. These include Owen’s first
infant school, established in Scotland in 1816 for the children of mill workers, and Froebel’s
first kindergarten, created in Germany in 1837, for the young children of middle class families.
In these new schools the early years curriculum was widened beyond the basic diet of reading,
writing and arithmetic and young children were given opportunities to play. Froebel in particular
was developing a new view of childhood, one in which play was valued as a serious and creative
activity and considered to be “an essential part of the educational process” (Spodek 1973, p.39).
In both Owen’s and Froebel’s own classes, new teaching methods, allowing for some more
independent learning, were introduced and consideration was given to children’s understanding.

Froebel’s primary aim in developing a new kind of early years curriculum was to
promote children’s spiritual learning. Consequently, he considered play primarily in relation to
spiritual goals. Froebel did not recognise the mathematical potential of children’s play with the
innovative shapes apparatus used in his kindergarten, for example the 3D shapes known as the
‘gifts’. To promote children’s spiritual learning, play with such apparatus was tightly prescribed
by adults and it probably provided few opportunities for exploration of the mathematical
properties of apparatus.

In the kindergartens that were developed in Europe and the United States, modelled on
Froebel’s first kindergarten, young children continued to play with a wide variety of
purposefully designed apparatus. Despite Froebel’s own focus on spiritual aims, it can be noted
that some of the apparatus used in the 19™ century Froebelian kindergartens continued in use into
the 20™ century and had potential for developing young children’s mathematical knowledge,
understanding and skills beyond the traditional confines of arithmetic. The unrecognised
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potential for mathematical development in aspects of pattern-making through the use of
geometric wooden blocks, as well as bead and button stringing, is particularly high.

Child Development

Spodek and Brown (1993) suggest that, although the scientific study of development in
childhood was yet to begin, such experiments in early childhood education provide evidence of a
new and intuitive understanding of the nature and needs of young children. They also provide
evidence of an understanding of the ways in which a distinctively early years curriculum might
be matched to the characteristics of young children as learners. However, during the 19" century,
these new approaches to learning were to remain outside the mainstream of educational

provision for young children.

THE EARLY 20" CENTURY: CURRICULUM DEVELOPMENT
Control of the Curriculum

Towards the last years of the 19th century and moving into the first years of the 20™
century, there was some widening of the elementary curriculum. In addition, the potential for
further curriculum change grew as central control of the school curriculum was reduced. Gordon
and Lawton (1978) outline the history of the legislation and reports of government committees
that formed the background to these changes. In 1926, the Elementary Regulations were
abolished, ending government prescription of the elementary curriculum. However, although by
the late 1920’s teachers had gained a high level of autonomy in relation to the elementary school
curriculum, they did not take immediate advantage of this to initiate change.

An Infant Curriculum; Froebelian Methods
From the end of the 19" century, there had been some official encouragement of
Froebelian methods and the wider use of practical materials in the elementary school curriculum.

Gordon and Lawton (1978, p.149) refer to a list of officially approved activities in a circular
issued to inspectors at this time, including practical apparatus to support mathematical learning.
The list includes “mosaic with coloured paper and gum”, as well as “cutting out patterns and
shapes with scissors” and “number pictures with cubes and beads™.

Some Infant Headmistresses had enthusiastically adopted new approaches to pedagogy
from around the tumn of the century. However, the new approaches were firmly rejected by most
elementary school teachers until much later. Gordon and Lawton suggest that this was, in part,
because successful Froebelian practice was considered to be dependent on a teacher working
with small groups of children.



The Hadow Reports
Anning (1997, p.4) describes how further official encouragement for new approaches to

pedagogy came with the Hadow Reports of 1931 and 1933. The first report recommended that
infant education be developed as a distinct phase of education for children from 3 to 7. The
second report recommended that the curriculum be developed in terms of “activity and
experience rather than of knowledge to be acquired and facts to be stored.” However, despite
some encouragement for more active approaches to learning, the report continued to emphasise
the importance of drill in the teaching of reading, writing and arithmetic (Gordon and Lawton
1978).

Through the early years of the 20" century, there continued to be five year olds, some four year
olds and sometimes three year olds present in infant classrooms, mostly in large classes and
sometimes with older children. Theoretically teachers controlled the curriculum but there was no
political will to reduce class size. Consequently for most young children, the mathematics

curriculum continued as a narrow diet of arithmetic to be learnt by rote.

Montessori

The 19™ century tradition of experimentation with a distinctively early years curriculum
did continue into the first years of the 20" century, although the effects were not widespread.
The work of Maria Montessori provided a new and significant influence in this period.
Montessori’s innovative approach to the education of working class children, exemplified by the
Casa dei Bambini set up in the slums of Rome, inspired an international movement that led to
the establishment of Montessori schools across the world, including England. Montessori was a
doctor and a psychologist. Her work is an early example of the way in which growing
knowledge of child development came to shape a distinctive curriculum for young children in
the 20 century.

Montessori’s curriculum, as described by Spodek (1993), contrasted sharply with the
traditional curriculum of the elementary schools in England, with their emphasis on drills and the
rote learning of narrow and utilitarian subject matter. Montessori’s innovative curriculum was
wide, with a high value placed on developing understanding through practical experience.
Teaching was focused on activities and materials that would enable children to develop
knowledge through sensory experience. This was considered to be an essential stage in young
children’s learning, providing a foundation for later symbolic experiences.

This approach shaped learning in mathematics. Special graded apparatus, often self-
correcting, was devised to support children’s developing understanding of number. Similarly,
although there was no explicit aim to develop a mathematics curriculum widened beyond the
traditional confines of arithmetic, several items of structured apparatus were used to focus
children’s perception on aspects of space and shape. Montessori’s young children were allowed
high levels of independence in organising their time and in selecting materials. The curriculum



9

emphasis, however, remained firmly on play with structured rather than open-ended materials.
The child’s response was prescribed by the nature of the materials and an exploratory approach
to the patterning of play materials, for example, was not encouraged.

The Macmillans

In the early years of the 20®century, pioneering work in the education of young working
class children was also taking place in England, where Rachel and Margaret Macmillan opened
the first nursery schools. ‘Open air’ schools were opened in the slums of Bradford and London,
where the poor physical conditions of children’s lives enforced a heavy toll on both their
physical and intellectual development. While these early nursery schools placed considerable
emphasis on nurturing children physically, there was also an emphasis on developing a
curriculum to promote intellectual development.

Spodek (1993) describes how perceptual- motor learning was emphasised in the
Macmillan’s nursery curriculum, with some use of sensory-training materials similar to those
developed by Montessori. However, the Macmillans did not adopt the Montessoni curriculum as
a whole, criticising its neglect of children’s imaginative abilities and the limited role ascribed to
the teacher.

Despite retaining some elements of the traditional elementary curriculum, with the
teaching of reading, writing and arithmetic to five year olds, the Macmillans pioneered a wider
early years curriculum. Their innovative curriculum incorporated interesting first hand
experiences, for example gardening and water play in the nursery garden, and it provided varied
opportunities for physical play. It also placed a new emphasis on the creative and imaginative
exploration of materials.

As with the Montessori and Froebelian curricula, there was no articulated aim to develop
a mathematics curriculum widened beyond the traditional confines of arithmetic. However the
play materials used in the ‘open air nurseries’ included materials that could be used to focus
children’s perception on aspects of space and shape, for example wooden blocks and handicrafts
materials. Like the influential early years curriculum of Froebel, this new curriculum carried the
potential for supporting young children’s wider mathematical development, including
development in some aspects of early pattern-making.

The § f Child Development

In the first half of the 20" century, child development grew as a distinct and important
field of study within the new discipline of psychology. Spodek (1993) describes how the child
study movement, with research focused on a broad spectrum of children, brought new influences
to bear on the development of a distinctive curriculum for the early years. He outlines the area of
research led by Stanley Hall and his student Amold Gesell, which set out to establish norms of
development in children of different ages. The interest of many teachers in the new
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developmental theory supported new approaches to curriculum planning, with educational
experiences matched to children’s levels of development. During the first two decades of the
20" century, the Progressive Reform Kindergarten movement in the United States undertook
reform of the Froebelian kindergarten model, influenced by Stanley Hall and Gessell’s work on
developmental norms and by the writings of John Dewey.

Examining the influence of the developing discipline of psychology on the early years
curriculum, Spodek highlights two further influential areas, behaviourist learning theories and
psychoanalytic theory.

Susan Isaacs

The influence of theoretical developments on the early years curriculum is exemplified
by the pioneering work of Susan Isaacs at the Malting House School in England from the 1920’s
onwards. Both Anning (1997) and Athey (1991) highlight Isaac’s work and key achievements.
Working up until the late 1940’s, Isaacs was influenced by the ongoing research of Piaget and by
contemporary Freudian theories of child development, with their new focus on young children’s
emotional and social development.

Isaacs worked at a private school with the privileged children of middle class families.
As a result her thinking was more intently focused on children’s intellectual development and
less on their physical well-being than the thinking of the Macmillan sisters, working in the slums
of Bradford and London. Isaac’s curriculum, however, parallelled that of the Macmillan sisters
in terms of the important role given to both play materials and first hand experiences.

Isaac’s work was innovative in that influenced by developmental theory she redefined
the role of the early years teacher. Isaacs worked in her school as a teacher-researcher, with
research focused on children’s intellectual growth. She used observation as a key teaching and
research tool, believing that, to effectively support children’s leaming, the teacher must co-
ordinate “observation, theory, teaching and evaluation” (Athey 1991, p.17). Isaac’s definition of
the adult role as an interventionist guide, supporting children’s individual explorations of the
physical environment and facilitating their access to curriculum materials, was not widely
influential at the time. However, Isaac’s model of the early years teacher seemed to anticipate the
major changes to the teacher’s role that were to be seen across Europe in the second half of the

century, arising out of reform of the primary mathematics curriculum

THE 1960s AND 1970s - ‘NEW MATHS’

For most young children in the first half of the 20" century in Britain, the traditional
elementary mathematics curriculum, with its narrow focus on arithmetic, remained relatively
unchanged. Drill, with learning by rote, remained the predominant teaching method. From the
late 1950s, however, the pace of change accelerated and, by the early 1970s, the primary
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mathematics curriculum had been radically restructured for many children. Arithmetic, now
likely to be labelled ‘number’, was still an important topic within the primary mathematics
curriculum. However, it had undergone significant change and now took its place alongside
other major topics.

The early 1970s had introduced early work on pattern, including spatial patterns and
linear repeating patterns, as topics or strands within the infant mathematics curriculum.
Additionally, new approaches to pedagogy had resulted in an increased emphasis on children’s
exploration of mathematical apparatus and play matenals.

Forces for Change

The forces for change that had been building up over the previous decades were varied
and they were interrelated in complex ways. Bob Moon (1986) details these forces for change
and the complex history of curriculum reform across Europe from 1960 to 1980. In Britain in
1960, schools still had considerable autonomy over the school curriculum. In 1972, looking back
over a decade of change, the authors of Mathematics in Primary Schools (Schools Council
1972, p.1) stated that, “One of the interesting features of our educational system is that reforms
have usually come from within the schools themselves and have not, primarily, been made in
response to external pressures.” However, although there was pressure for change coming from
within the schools, Moon’s (1986) analysis indicates that there were also many external forces.

The Universities

The universities were the first powerful force for change. The great expansion of
mathematics that had taken place in the universities during the 19™ and early 20" centuries had
resulted in a growing gulf between school and university mathematics. The universities wanted
change in the school mathematics curriculum to ensure that new students were better prepared
for the university mathematics courses. Thompson (1997) describes how, in the 1930’s, the
Bourbaki group took on an influential role in attempting to codify the new mathematical
knowledge. The work of this group made use of the precise mathematical language that became
associated with set theory. In the 1960s and 1970s set theory was developed as a key feature of
the new primary mathematics curriculum.

Developments in Psychology

Secondly, developments in psychology led to pressure for curriculum change. Child
development was a rapidly growing area of research in this period and the work of a number of
psychologists influenced the development of the mathematics curriculum. Taylor (1976),
reviewing the impact of psychological theory on the infant mathematics curriculum, cites
Dienes, Bruner, Lovell, Piaget and Bryant as key influences.
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Of these psychologists, however, it was Piaget who was most influential in supporting
definitions of both the content and the pedagogy of the new curniculum. Moon (1986) refers to
Piaget’s influence on the Association of Teachers of Mathematics. He also reports on the impact
that Piagets’s work had on the early work of the Nuffield Mathematics Teaching Project. This
project was widely influential and it helped to shape the ‘new maths’ curriculum in England and
Wales. Early in the development of the Nuffield Project, two project members visited Geneva,
to increase knowledge and understanding of Piaget’s work, and this visit laid the foundation for
later collaborative work with Piaget on the development of assessment materials

The influence of Piaget’s research on the pedagogy of the new mathematics curriculum
was acknowledged in ‘Maths With Everything’ (The Nuffield Foundation 1971, p.2). This book,
providing background information about the project for teachers and parents, summarised the
influence, “Piaget’s message was simple... young children leam by getting involved, by acting,
by experiencing mathematics rather than just learning it from a book.”

Economic Forces

The third force for change was economic. In the 1960s, a period of rapid technological
change, industrialists in Britain believed that a better educated work-force was critical to
economic success. During this period, industrialists were a force supporting modernisation of the
mathematics curriculum.

Moon (1986) outlines how the success of the Russians with the launch of the first
Sputnik, in 1957, was a further spur to reform. This event, challenging the current view of
Russia as backward in both maths and science education, led directly to the release of federal
funds for curriculum development in the U.S.A. Moon argues against the view that the launch of
Sputnik influenced curriculum development across Europe. However, the development of the
mathematics curriculum in the U.S.A. that followed this event was closely paralleled by
curriculum development in Britain and Europe.

The Nuffield Mathematics Teaching Proj
The forces for change outlined above led to the Nuffield Foundation launch of a reform

project, focused on the primary mathematics curriculum (Moon 1986). This project, led by
Geoffrey Matthews, was a major influence on changes that were made to the primary school
mathematics curriculum in the 1960s and 1970s.

The Nuffield curriculum was exemplified through a series of project guides. Primary
mathematics was divided into three major topics, ‘Computation and Structure’, ‘Shape and Size’
and ‘Graphs Leading to Algebra.” Mathematics Begins (Nuffield Mathematics, Project 1967b)
was the first in the ‘Computation and Structure’ series. It outlined the new pre-number and early
number curriculum for the pre-school and early infant years. Beginnings (Nuffield Mathematics
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Project 1967a) were the first in the series on ‘Shape and Size’. This guide outlined the new
maths curriculum relating to shape and measurement for this age group.

Nuffield Mathematics and Pattern

In the innovative pre-number curriculum, as outlined in Mathematics Begins (Nuffield
Mathematics Project 1967b), there is a new focus on mathematical relations, sorting, one to one
correspondence, conservation, ordering and inclusion. In the section on ordering, it is suggested
that children copy and reverse copy a sequence of shapes. However, there is no reference to
repeating sequences. Advice relating to the use of number pattems is introduced towards the end
of the guide, with suggested activities appropriate for 6 and 7 year olds.

In Beginnings (Nuffield Mathematics Project 1967a), there is a far greater emphasis on
mathematical patterns and pattern-making, with several areas of play provision discussed in
terms of their potential for spatial pattern-making. In a section on “picture and pattern making,”
it is advised that young children use a wide range of media in exploratory and self-directed
work. Printing is highlighted as a media particularly supportive of early pattern-making. ‘Bricks
and constructional play’ are also valued for “the symmetry of the patterns and models that are
made” (The Nuffield Foundation 1967a, p.22).

The guide acknowledges the spatial pattern-making skills of some young children; it
recognises the mathematical potential of exploratory play with materials; and it encourages
teachers to support children’s thinking about spatial pattemns through talk. However the guide
does not propose any detailed sequence of development for children’s work, “Their first prints
are usually random in character, with no order about them, but occasionally a child will at once
produce a highly symmetrical pattern” (1967a, p.12).

In summary, the Nuffield Mathematics Project strongly emphasises the mathematical
potential of work on spatial patterning for infants; it emphasises the value of work with number
patterns for children at the older end of the age range; and it introduces some work on copying
but not repeating sequences of objects. Although some of the activities for younger children
would have been familiar as play, handicraft or art activities in some earlier infant classrooms,
the Nuffield Mathematics Project makes the mathematical potential of these activities explicit.
Finally, it is important to note that, while the Nuffield Mathematics Project provides detailed
information on developmental sequences in the area of number, it does not provide this advice
on developmental sequences in relation to pattern.

‘Fletcher Maths’
The Nuffield Mathematics Teaching Project was a major influence on the development
of the mathematics curriculum in primary schools into the 1970s and beyond. Another important
influence was Mathematics for Schools (Fletcher 1970), another primary maths scheme.
Fletcher, the author of this scheme, was a key figure in the Nufficld Mathematics Project team
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before he embarked on his own commercial project (Moon 1986). Fletcher’s scheme, with its
pupil workbooks as well as teacher’s handbook, was a commercial success throughout the
1970s.

In addition to differing approaches to the use of pupil materials, an important difference
between the Nuffield and Fletcher schemes is the different emphasis and approach taken to the
theme of pattern in the mathematics curriculum. Within the infant stage of the Nuffield scheme,
there is a strong focus on exploratory, spatial pattern-making but a limited focus on other aspects
of pattern. No explicit reference is made to ‘pattern’ as an integrating theme in Maths With
Everything (The Nuffield Foundation 1971), the guide providing an overview of the Nuffield

In contrast, in the introductory section to ‘Mathematics For Schools’ (Fletcher 1970),
Fletcher makes explicit reference to the view that ‘pattern’ is at the heart of mathematics and this
view is reflected throughout the scheme. For example, the scheme provides an early focus on
work with repeating and sequential number patterns using varied apparatus and this focus is
sustained throughout Level 1 of the scheme. Children are introduced to pattern-making in varied
contexts through the experience of continuing repeating patterns. They then have opportunities to
devise many different kinds of repeating patterns.

However, while Mathematics for Schools (Fletcher 1970) places a greater and an earlier
emphasis on number patterns than the Nuffield scheme, Fletcher’s emphasis on spatial patterns
comes later in the scheme and is more limited in scope. In ‘Beginnings’ (The Nuffield
Foundation 1967a) there is an early emphasis on the provision of opportunities for 2D and 3D
pattern-making during environmental play. In contrast, in Mathematics for Schools (Fletcher
1970) there is no reference to play of this kind until the section on ‘Symmetry’, the last section
of Level 1, “Whenever the children make patterns with bricks, or on a geoboard, symmetrical
qualities are likely to appear” (Fletcher 1970, p.236). The work on spatial patterns that follows is
restricted to 2D work, with the focus on prescribed rather than exploratory activities.

Nuffild Maths 5-11
In 1979 the Nuffield mathematics scheme was re-launched, meeting demands for a new

structured scheme of materials for teachers and pupils (Moon 1986). Changes were made to the
presentation of materials and also to the content of the curriculum, including pattern related
content. A focus on number patterns earlier in the scheme brings the revised Nuffield scheme
closer in content to the successful Mathematics for Schools (Fletcher 1970). However there is
still no practical strand on sequential and repeating patterns to parallel the strand running through
Level 1 of Mathematics for Schools (Fletcher 1970).

Additionally, in the revised Nuffield scheme, there are changes in the approach to 2D
and 3D pattern-making, again bringing the scheme into line with Mathematics for Schools
(Fletcher 1970), but in this case by reducing the focus on pattern. The original Nufficld emphasis
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on exploratory, environmental play is reduced with a now almost token suggestion that, “In the
early stages, the main task for the teacher is to encourage in children an awareness of the shapes,
patterns and space around them™ (Moore 1979, p.103). There is a brief reference to children
making patterns with drawing, painting and printing materials in the section on ‘Shapes and
space’ (Moore 1979). However the focus of this chapter is more narrowly on the properties of
2D and 3D shapes than on work with spatial pattemns.

THE LATE 20thCENTURY: THE MATHEMATICS CURRICULUM
The 1980s - A Non- M i iC

Starting in 1989 and continuing through the following decade, significant changes were
made to both the status and the content of the mathematics curriculum offered to young children
in England and Wales. These changes impacted on young children in nursery schools, in school
nursery and reception classes, as well as on young children in non-school settings.

For several decades prior to 1989, there had been no statutory mathematics curriculum
for children in England and Wales. The most recent government reports, for example
Mathematics Counts (Cockcroft 1982) had provided an authoritative framework for planning the
mathematics curriculum in schools, with a focus on the years of compulsory schooling from 5 to
16. However, an H.M.1. survey of mathematics education carried out between 1982 and 1986
(D.E.S. 19893, p.7) indicates “considerable unevenness” across the different strands of
mathematics, as well as “mainly poor™ overall performance in about a quarter of the schools
surveyed.

Specific findings, relating to children’s work with pattern, parallel these general
findings. The HMI report (D.E.S. 1989a) identifies work with number patterns as a key strand
within the mathematics curriculum of most primary schools by the 1980’s. However, children’s
performance in this strand is judged to be adequate or good in only three-quarters of the classes
surveyed. Children’s performance in work relating to geometry is judged to be adequate in only
half the schools surveyed.

The First Nati urmiculum for M iCS

Beginning in 1989, the statutory implementation of a National Curriculum for
mathematics and nine other subjects began. The new statutory curriculum was in part a political
responsc to public and professional concem about the official findings of unevenness in
mathematics teaching and in children’s mathematical performance. A new and prescriptive
hierarchy of mathematical learning objectives, with exemplification of objectives through
detailed activities, was provided for both primary and secondary schools. The aim of the new
curriculum was to counteract the unevenness in teaching and leaming documented in official
reportts and so to raise standards in mathematics, as in other National Curriculum subjects.
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In Mathematics in the National Curriculum (DES 1989b) leaming objectives and detailed
activities relating to pattemn are included in both the Algebra and the Shape and Measure
curriculum strands. Suggested activities parallcl many found in the earlier Nuffield and Fletcher
schemes.

Pattern in Attainment Target 3: Algebra

The 1989 National Curriculum for mathematics, for example, includes the Algebra
Level 1 objective to “devise repeating patterns” through opportunities for “copying, continuing
and devising repeating patterns represented by objects/apparatus or single-digit numbers”. This
is followed by an Algebra Level 2 objective to “explore number patterns” an objective to be
achieved by the average child by about seven years of age (DES 1989b, p.10). This work on
repeating and number patterns mirrors work in the earlier Nuffield and Fletcher schemes. For
example, the work on repeating patterns with objects and apparatus is a key strand running
through Level 1 sections of Mathematics for Schools (Fletcher 1970).

Pattern in Attainment Target 4: Shape and Space

Additional pattern-making work is detailed as examples in the Shape and Space
attainment target. It is advised that children create and describe pictures and patterns using 2D
shapes, to support development towards expected levels of understanding of 2D shape by about
7 years of age. To develop ideas of reflective symmetry, it is advised that those more advanced
children, working towards Level 3, “explore patterns from a variety of world cultures” and
“explore patterns in art or P.E.” (DES 1989b, p.14). This advice on exploratory work with 2D
shapes and reflective symmetry parallels earlier advice in Beginnings (The Nuffield Foundation
1967a). However the focus on spatial patterns in the National Curriculum programme of study is
not evident before Level 2. This contrasts with the earlier focus on spatial pattern-making in the
Nuffield scheme. At Level 1 of the National Curriculum programme of study, early years work
with 3D shape seems relatively narrow in its focus on the properties of 3D shapes.

Pedagogy

In terms of a suggested pedagogy for mathematical work with pattern, the National
Curriculum programmes of study do retain the earlier Nuffield project emphasis on exploratory
work and on the potential for mathematical learning within children’s creative work. In addition,
within the programme of study for Attainment Target 1, ‘Using and Applying Mathematics’,
there is some limited recognition of the need to provide opportunities for the youngest children
in school to leamn about pattern through creative play with 2D and 3D materials. A Level 1
exemplar activity is for children to “build symmetrical models” (DES 198%b, p.2).
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The 1995 Revised National Curriculum For Mathematics

In the 1995 version of the National Curriculum for mathematics (DFE 1995), new
programmes of study for using and applying mathematics emphasise the importance of pattern
recognition in early years mathematics. The programme of study states that children should be
given opportunities “to recognise simple patterns and relationships and make related predictions
about them” (DFE 1995, p.22). This is echoed in the Level 1 descniptor, “recognise and use a
simple pattern or relationship” (DFE 1995, p.32).

In the programme of study and level descriptors for number, early years work with
repeating patterns using objects is again identified as important. The new Level 1 descriptor is
“recognise and make repeating patterns, counting the number of each object in each repeat”
(DFE 1995, p.33). The use of the termn ‘recognise’ in these contexts is new. However, pattern

recognition and related prediction is implied by the focus on continuing patterns in the previous
curriculum.

As with the earlier curriculum, the focus on spatial pattern-making appears relatively
late. Competencies related to spatial pattern-making are excluded from the Level 1 descriptor for
Shape, Space and Measures.

A National Curni F Fo Five Year Olds?

The new statutory mathematics curriculum was intended for the oldest children within
the 3 to S year old age range only. Initially, Key Stage 1 of the National Curriculum was defined
as beginning “with a pupil becoming of compulsory school age”, the term following the pupil’s
fifth birthday (DES 1989b, p.3). From the Spring term 1991, the National Curriculum for
mathematics as outlined above became statutory for the oldest five year olds in school reception
classes. However, for many of the youngest children in these classes, children who would not be
five until the summer term, there was no statutory curriculum until the start of Year 1. These
complicated arrangements resulted in reception class teachers working with changing
proportions of children entitled to the statutory curriculum. In this context, it seemed likely that
the statutory mathematics curriculum would impact on reception children of non-statutory school
age.

There is in fact evidence to suggest that the influence of a statutory National Curriculum
soon reached down to children younger than those found in school reception classes. Kathy
Sylva et al (1992) reports research highlighting a formalisation of some aspects of the early years
curriculum in education nurseries during the early period in which the National Curriculum was
being implemented.

The Desirable Outcomes
In this confused context, a new document, Desirable Outcomes for Children’s Learning
(SCAA 1996), attempted to clarify the mathematics curriculum for those children in state funded
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educare settings who were below statutory school age. It prescribed learning goals for children to
attain by compulsory school age.

Examined in the context of the early years curricula of the three preceding decades, the
pattern related desirable outcome for mathematics seems both narrow and unclear in its
expectations. The brief statement of outcome is, “They recognise and recreate patterns” (SCAA
1996, p.3). If the intended reference is to spatial patterns, as well as repeating patterns, then the
document introduces a competency not included in earlier curricula, informal or statutory. In
earlier infant curricula, from the Nufficld project onwards, references to spatial patterns
emphasise children creating and exploring patterns and not copying patterns.

The use of “recognise... patterns” in the desirable outcome mirrors the earlier use of
‘recognise’ in Level 1 descriptors for using and applying mathematics, as well as for number
(DFE 1995). The exact meaning of ‘recognise’ for these younger children, however, is not clear.

The desirable outcome use of “recreate patterns” echoes the use of “copying... repeating
patterns” in the first National Curriculum for mathematics (DES 1989b, p.10). However, the
reference to ‘continuing’ and ‘devising’ repeating patterns that accompanies the reference to
‘copying’ patterns in the original programme of study is missing from the desirable outcomes
document. The implication of this omission is that copying or recreating patterns is a
developmental achievement prior to devising patterns. The implied developmental sequence also
places pattern recognition as a developmental achievement prior to devising repeating patterns.

THE EARLY 21® CENTURY: A FOUNDATION STAGE CURRICULUM

The beginning of the new century was marked by further revision of the mathematical
goals for young children in state funded educare settings, with the introduction of a foundation
stage curriculum to precede Key Stage 1. The age range for this curriculum was extended to
include all children until the end of their reception year. For reception children only, the
mathematical goals of this new curriculum reiterate the National Numeracy Strategy key
objectives introduced in the previous year (DFEE 1999). The new Curriculum Guidance for the
Foundation Stage (DFEE 2000) includes substantial guidance on an appropriate pedagogy for
children in the foundation stage with a clear emphasis on children learning through piay,
“Mathematical understanding should be developed through stories, songs, games and
imaginative play ...” (DFEE 2000 p.68).

The new pattern related carly leamning goal, “Talk about, recognise and recreate simple
patterns” (DFEE 2000), is similar to the carlier desirable outcome, “They recognise and recreate
patterns” (SCAA 1996, p.3). Change comes with the explicit inclusion of ‘talk’ and with the
qualified reference to ‘simple patterns’.
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Curriculum Guidance
The extensive guidance in the new document is relatively limited in its references to
pattern. There are no references to pattem in the section focused on children’s mathematical
learning. There is, however, a reference to pattern in the section on teaching mathematics, with
pattern recognised as an integrating theme in mathematics:
The idea of ‘pattern’ runs through the different aspects of mathematics. Children might
notice repeating patterns of colours or shapes on a favourite tee-shirt, for example, or
they might help to create a repeating pattern with beads. Children begin to appreciate
symmetry and this may feature in some of their drawings. They might also notice
patterns when working with numbers of objects, for example, ‘You get three and 1 get
four. Three, four!” (DFEE 2000, p.73)
The emphasis, as in the carly learning goal, is on children’s response to recognised patterns, as
well as on children’s participation in adult led work with repeated patterns. This guidance
reinforces the idea of a developmental sequence, first stated by implication in the pattern-related
desirable outcome. The proposed developmental sequence places pattern recognition and pattern
copying prior to creative pattern-making, in particular creative repeated pattern-making.

Stepping Stones

The curriculum guidance suggests likely ‘stepping stones’ for children as they move
towards the early learning goals. In the proposed stepping stones to the pattern-related early
learning goal and the associated shape, space and measures goals, there are relatively few
references to pattern related activity. The earliest stepping stones include, “Show an interest in
shape and space by ... making arrangements with objects”. Following this, the second set of
stepping stones include, “Show interest by ... talking about shapes or arrangements™ (DFEE
2000, p.78). The third set of stepping stones and the set prior to the early leaming goal include,
“Sustain an interest for a length of time on a pre-decided ... arrangement.” They also include,
“Show awareness of symmetry” (DFEE 2000, p.80). There is some ambiguity here as to whether
the suggested arrangements of play materials are linear arrangements, 2D arrangements, 3D
arrangements or perhaps all of these.

The lists of examples of what children do provide no further clarification of the goal
because no pattern related examples are provided. In contrast, there are five examples of children
arranging play materials for the purposes of representation. In the lists of examples of what
practitioners need to do to support learning there is just one pattern related example provided.
This guidance is for practitioners working with children at the earliest stage, “Encourage children
to talk about the shapes they sce and use and how they are arranged” (DFEE 2000, p.79).

In conclusion, the status of the pattern strand within the Curriculum Guidance for the
Foundation Stage (2000) is relatively low. The guidance sets expectations for children to talk
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about, recognise and recreate patterns by the end of the reception year. There is, however, no
explicitly stated expectation for children to devise their own repeated or spatial patterns.

Individual Differences

The Curriculum Guidance for the Foundation stage (DFEE 2000, p.17) includes a strong
and recurring strand of guidance on “meeting the diverse needs of children.” It states that,
“Practitioners must be aware that children bring to their early learning provision different
experiences, interests, skills and knowledge that affect their ability to learn.” Differences arising
from gender, disability and ethnicity are included as areas for consideration. The explicit focus
on gender and ethnicity is new in terms of guidance relating to early years curricula. In the earlier
Desirable Outcomes for Children’s Learning (SCAA 1996), explicit consideration of diverse
needs relates only to children with special educational needs and high abilities.

The National Numeracy Strategy

The National Numeracy Strategy provides more detailed objectives and guidance for
reception teachers working with children towards the end of the foundation stage (DFEE 1999).
For practitioners in schools, this document does provide some clarification of the pattern-related
carly learning goal, clarification absent in the later curriculum guidance. In the National
Numeracy Strategy, the key objective “Talk about, recognise and recreate simple patterns” is
qualified by, “for example, simple repeating or symmetrical patterns from different cultures/in
the environment” (DFEE 1999, Yearly teaching programmes, p.2).

Additionally, under the sub-heading, “Exploring pattern, shape and space,” there is an
additional objective for reception children, “Use a variety of shapes to make models, pictures
and patterns and describe them” (DFEE 1999, Yearly teaching programmes, p.2). There is an
expectation here, lacking in the Curriculum Guidance for the Foundation Stage (DFEE 2000),
that children will devise spatial patterns by the end of the foundation stage. Additional
Numeracy Strategy guidance advises practitioners to promote spatial and repeated pattern-
making through the use of a wide range of creative and play materials. It includes suggestions for
varied activities relating to linear, 2D and 3D work.

In terms of the pattern strand in mathematics, the National Numeracy Strategy guidance
(DFEE 1999) sets higher expectations and provides more detailed guidance for reception
teachers than the Curriculum Guidance for the Foundation Stage (DFEE 2000). In terms of its
practical advice on the wide range of media that young children might use for spatial pattern-
making, Numeracy Strategy guidance mirrors the advice in ‘Beginnings’ (Nuffield Mathematics
Project 1967a). However, in terms of its guidance on time allocation, the Numeracy Strategy
guidance gives a relatively low priority to work with pattern in reception classes. This is partly
because the pattern strand of the curriculum is not as integrated with number work as in the
earlier Mathematics for Schools (Fletcher 1970).
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CONCLUSION

The mathematics curriculum for three to five year olds has widened in content over the
last half century, with increasing numbers of young children gaining access to this widened
curriculum. Although there is currently a rencwed emphasis on the central place of numeracy in
the mathematics curriculum (DFEE 1999), the early years mathematics curriculum remains
broad when compared to the utilitarian curricula experienced by the majority of young children
prior to the 1960’s.

At the same time, there have been widespread changes in pedagogical approaches to the
curriculum since the 1960s, with guidance now encouraging early years teachers to promote
mathematical learning through child led play and talk, alongside some more adult directed group
work. Despite the spiritual rather than the mathematical aims of Froebel’s work in the mid-19"
Century, Froebel’s pioneering approach to young children learning through play with structured
apparatus has been widespread and long lasting in its influence on the early years mathematics
curriculum.

The innovative Nuffield project of the late 1960s was similarly influential in its
approaches to young children’s learning. Following the introduction of the Nuffield infant
curriculum in 1967, pattern has been included consistently as a strand of early years mathematics
curricula and there is now a prescribed pattern related goal in the foundation stage curriculum.
However, since the first introduction of pattern into the early years mathematics curriculum,
there have been several significant changes in emphasis, as well as changes in expectations.

At the beginning of the 21" century, with the introduction of a foundation stage, there is
a confusing lack of congruence in emphasis and expectations between the two sets of guidance
for this stage, The National Numeracy Strategy (DFEE 1999) and the Curriculum Guidance for
the Foundation Stage (DFEE 200). Although the pattern related Numeracy Strategy key
objective and the foundation stage early learning goal are identical, this shared objective is
interpreted in different ways and accorded different kinds of status within the two sets of
guidance.

P : Key Differences in Early Years M
In summary, some of the key ways that recent mathematics curricula for 3 to 5 year olds
have differed in terms of their approaches to pattern are:
o the relative emphasis given to linear repeated pattern-making and spatial pattern-making
o the relative emphasis given to representational work and pattern-making in children’s work
with 2D and 3D materials.
o the relative emphasis placed on pattern perception, usually children recognising the patterns
devised by others, and children creating their own patterns
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o the relative emphasis placed on children copying patterns and children creating their own
patterns

e proposed developmental pathways to repeated and spatial pattern-making, either explicit or
implicit

e expectations, in terms of competencies in pattern perception and competencies in copying,
continuing and devising patterns

e the relative emphasis given to the pattern strand of the mathematics curriculum and other key
strands in terms of time allocation

o the emphasis placed on a focus on pattern within the number curriculum

o the emphasis placed on individual differences, for example gender and ethnicity

e guidance on the range of media to be used for pattern-making

A Research Base for Curriculum Change?
The rationale for the many differences and frequent change in the pattern related strands

of recent early years mathematics curricula have rarely been presented in the curriculum
guidance for teachers. It is therefore not clear how far the changes in emphasis and expectations
over recent decades have been underpinned by contemporary research findings. As stated in the
introduction to this chapter, any reformulation of mathematical goals and guidance on pedagogy
should be informed by detailed knowledge and understanding about firstly, young children’s
competencies, and secondly, effective approaches to teaching and learning. This is particularly
important where goals are prescriptive, as with the ‘Curriculum Guidance for the Foundation
Stage’ (DFEE 2000).

To address this issue, this study moves on to an evaluation of the research base
underpinning changes in approaches to pattern within early years mathematics curricula from the
1960’s onwards. Chapter 2 presents a review of the research literature, focusing on the identified
dimensions of difference in curricula summarised above. Evaluation of the research literature
supports identification of possible gaps or areas of relative weakness in the research base
underpinning recent pattern related curriculum change.
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CHAPTER 2
LITERATURE REVIEW: YOUNG CHILDREN AND PATTERN

INTRODUCTION
For the last half century, mathematicians have consistently acknowledged the centrality

of a study of pattern to mathematics education. Orton exemplifies this influential view, shaping
curricula over recent decades, with statements from mathematics educators from the 1950’s
onwards (1999). However, in Chapter 1, a review of recent and changing approaches to pattern
in early years curricula demonstrated that, despite a consensus amongst mathematicians about
the importance of a study of pattern to mathematics education, there has been no consensus
about appropriate ways for this study to shape the curriculum. In Chapter 1, the review of
changing approaches to pattern led to identification of significant dimensions of difference
amongst recent early years curricula.

In this chapter, the underpinning research base for approaches to pattem in the
foundation stage mathematics curriculum is reviewed and evaluated. For a full evaluation of this
research base it would be necessary to consider firstly, the research literature relating to young
children’s pattern related competencies and secondly, literature more directly focused on
pedagogical approaches to the curriculum. However, due to the limits placed on the breadth of
this study, the review of research literature focuses primarily on a review of studies relating to
young children’s pattern related competencies. The age range for the literature review is three to
five years of age, the age span for children in the foundation stage. However, there is some
consideration of relevant studies that include children both younger and older than this.

KEY AREAS FOR REVIEW
The review of the research literature and the subsequent evaluation of the research base
supporting approaches to pattern in the foundation stage mathematics curriculum is based on the
dimensions of difference in early years curricula identified in Chapter 1. Working from these
dimensions of difference, the key areas to consider in the literature review are:
e children’s competencies in linear repeated pattern-making and spatial pattern-making
o children’s relative skills in copying, continuing and devising patterns
o the relationship between children’s representational and pattern-making competencies in
work with 2D and 3D materials
e pattern perception and children’s abilities to talk about pattern
e developmental pathways to repeated and spatial pattern-making
¢ individual differences, including gender
o developmental distinctions in the dimensions of materials
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Additionally, consideration is given to a review of:
o theories relating to young children’s developing knowledge, understanding and skills in
pattern-making

Outline of the Chapter
Recent early years curricula, as exemplified in Chapter 1, differ markedly in terms of the

relative emphasis given to repeated and spatial patterns. In the first half of this chapter, the
literature relating to children’s repeated pattern-making competencies is reviewed. Following
this, in the second half of the chapter, the literature relating to spatial competencies is reviewed.
The first half of the chapter concludes with an evaluation of the underpinning research base for
approaches to repeating patterns in the foundation stage curriculum. The second half concludes
with an evaluation of the underpinning research base for approaches to spatial patterns. Gaps and
areas of relative weakness in this research base are identified for each aspect of pattern.
Evaluation supports delineation of a broad area of focus to be taken forward into the first pilot

study, where the process of defining precise research questions for the main study is completed.

LINEAR REPEATED PATTERN-MAKING
The review of the research literature begins with a review of empirical studies focused
on children’s abilities to copy, continue and devise repeating patterns during the foundation stage

and early years of primary education. Research evidence relating to developmental pathways is
also considered. The main studies reviewed include a group of related studies undertaken in the
1970’s; two studies in the Piagetian tradition; a recent study focused on National Curriculum
expectations; and reports from an action-research project. Following this, the literature relating
to perception of repeating patterns is reviewed. The next studies reviewed are studies of early
classifying behaviours that may be precursors of repeated pattern competencies. In the following
section, some theoretical accounts of the cognitive processes underlying repeated pattern-making
are considered.

This part of the chapter then moves on to a summary of key findings, followed by the
identification of gaps and areas of relative weakness in the research base relating to young
children’s competencies in work with repeating patterns. The identification process contributes
to the delineation of a broad area of focus on repeated pattern-making to be carried forward into
the first pilot study.

THE 1970’S: REPEATED PATTERN STUDIES
Following the commercial success of Mathematics for Schools (Fletcher 1970), work
with repeated patterns became a significant strand of the early years mathematics curriculum in
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the 1970’s. A cluster of related studies from the early 1970’s examine young children’s
responses to pattern-making tasks, with a focus on repeated patterns. The studies vary in terms of
the age group studied and the particular focus on repeating patterns.

McKillip (1970), studying pattern recognition abilities in 3, 4 and 5 year olds, presents
evidence of improvement with age in young children’s abilities to copy and continue model
patterns. Cromie’s study (1971) similarly reports developments in children’s work with
repeating patterns between 4 and 7 years of age. It also provides some evidence of a
developmental sequence, relating to work with repeating patterns. Children first demonstrate
competence in copying patterns; at the next stage they are able to identify patterns; and at a
further stage they demonstrate competence in continuing patterns.

Frith (1970) presents additional evidence relating to developmental sequences in work
with repeating patterns but in this case across a longer time span. This study reports that children
younger than 4 years frequently repeat single elements of a sequence (perseverence); from 4 to 5
years up to 9 years of age, children successfully alternate two distinct elements; and from 9 to 10

years of age, children work successfully with more complex sequences.

Sternberg’s Pattern Recognition Study
Sternberg (1974) carried out research to extend the findings of these earlier studies,

introducing a more demanding definition of pattern recognition. He worked with children in pre-
kindergarten, kindergarten and first grade classes, who were assigned to high and low ability
groups, based on teacher’s ratings. Sternberg’s study includes simple pattern continuation tasks
based on colour and pictures, described as ‘original learning’ tasks. Competence in these tasks is
defined as a lower level competence than true ‘pattern recognition’. The study also includes
pattern continuation tasks, incorporating shifts in a repeating sequence. For example, in an ‘intra-
dimensional shift’, the sequence ‘red, blue, red, blue’ becomes ‘green, yellow, green, yellow’.
Sternberg classifies competence in these more complex tasks as ‘pattern recognition’. As a
further task variation, four different pattern sequences are used (ABAB; ABCABC; AABAAB;
ABBABB).

Research Findings

The study findings are that pre-kindergarten children fail to provide evidence of pattern
recognition ability as defined by the study. High ability kindergarten children do evidence carly
pattern recognition skills, performing the reverse shift task where, for example, ‘cup, dog, dog,
cup, dog, dog,” becomes ‘dog, dog, cup, dog, dog, cup.’

The study presents some evidence supporting developmental distinctions in task
difficulty. Firstly, the findings indicate a hierarchy of levels in relation to the sequence shift.
Secondly, colour is found to be the easiest dimension for children to work with in terms of the

stimulus dimensions of tasks. Thirdly, the study provides evidence of developmental distinctions
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between sequences in terms of task difficulty. The alternating sequence, ABAB, is identified as
the easiest sequence and ABCABC the hardest sequence for children to work with. The study
confirms that the number of elements involved in a sequence is critical to task difficulty.

Methodological Issues

As a study of pattern-related abilities in the youngest age group, this research is li